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The cover is a Landsat 4 Thematic Mapper image of the Missis-
sippi River's Balize, or "bird foot" delta. The mouths of the delta 
have built to the edge of the continental shelf. 

The sedimentation at the riouths of the delta is clearly illus-
trated by the Landsat color composite, which combines h inds 1,
3 and 4 in the visible and near-infrared portions of the spec-
t and 4 v ntional 
rum. 

More than 210 million metric tons of sediments flow into the 
delta and the Gulf of Me:xico per yer. LIndsat images are used 
to monitor the flood-prone Mississippi River for management 
and control measures throughout the year. 

Photo courtesy of Earth Observation Satellite Company, L-anham, 
Maryland. 
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Preface
 

At the launching of the World Resources series, former With this strong start, we are confident that tie ambi-
World Bank President Robert S. McNamara welcomed it tious undertaking begun by our two institutions more
into the "family of documents" that increase our under- than three years ago is on its way to fulfilling the vital 
standing of the natural, economic, and political forces role we intended. 
that shape our world. World Resources is designed to W11)rld Resources 1987 is a proOduct of the good efforts
complement the established annual rel)orts that survey of many people. The World Rsoux'(es staff, Cnce ag,-in,

the econmmic and political landscape l)y providing an contributed its time and talents in greater measure than

objective, current, global assessment of the 
natural anyone could ask for. Its commitment and dedication 
resource base that supports the workl economy. made it all possible. The Editorial Advisory Board,


Events of 
 the past year, such as growing evidence of chaired by Dr. M.S. Swarninathan, provided critical advice
global warming and the nuclear accident at Chernobyl, and support. The many others who contributed to this 
confirm our belief that protection of environmental q(!al- edition are noted in the Acknowledgments.
ity and wise management of the world's natural resources We deeply appreciate the financial support of those 
are essential to the well-being of all nations. But as these organizations that share our view of the importance of
issues come to the forefront of national and international this series: The Ford Foundation; the United States
attention, the critical need for up-to-date reliable informa- Agency for International Development; the John D. and 
tion combined with objective analysis of conditions and Catherine T. MacArthur Foundation; the J.N. Pew Jr.
trends of the world's natural resources becomes ever Charitable Trust; the United Nations Environment 
more apparent. World Resources 1987 continues our Programme; the German Marshall Fund of the United 
commitment to meeting this critical need. States; The United Nations Development Frogramme; and

We have been encouraged in this coarse by the the World Bank. Such support is essential if World 
overwhelmingly positive response to Word Resources Resources is to continue to meet the many objectives we 
1986-from governmental and nongovernmental organiza- have set for the series. 
tions concerned with the en~vironment, from the interna- World Resources 1987 updates and expands on issues 
tional assistance community, from teachers and students, and information covered in World Resources 1986. It also 
and most important, from individuals directly concerned addresses new issues such as the management of hazard
with resource management and economic development ous wastes and the global systems and cycles that control 
around the world. This response is reflected in the many the earth's climate and make life earth possible. Ason 
personal communications we have received aiid also in the series develops, it will continue to address many of
the wide interest in the book. The initial print run in the most important issLtes of our time. 
English sold out. Publishers are proceeding with editions 
in Chinese, German, and Arabic. The book has been James Gustave Speth Brian Walker
adopted as a course text or reference document at many Piesident President 
universities in the United States, Europe, and elsewhere. World Resources Institute International Institute 
Advance orders for World Resources 1987 are already in for Environment and 
hand. Development 
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Note 

World Resources 1987 is the second edition of an annual 
series, It is not an updated version of World Resources 
1986, but rather a companion volume. Each new volume 
discusses different topics within the same broadly-defined 
framework. While each edition can stand on its own, 
readers will find optimal benefit in using it as part of a 
series. 

Material discussed in liorld Resources 1986 is usually 
not repeated here. Rather a cross reference is given to 
last year's volume. As the series builds over the years we 
hope readers will find ii an increasingly valuable refer-
ence tool. 

Like its predecessor, World Resources 1987 contains 
four main sections: Part I, Perspectives; Part II, World 
Resources Reviews; Part 111,World Resources Issues; and 
Part IV,World Resources Data Ilhbles. Any method of 
organization tends to separate issues into digestible 
pieces, but doing so raises the danger of losing sight of 
their interconnectedness. It is these interconnections that 
make natural resource issues so complex. In several areas 
of the book we attempt to cut across standard discussions 
such as atmosphere, freshwater, and wildlife to make 
these critical connections. Part I highlights these connec-
tions to stress some of the major themes that run 
through the entire book. In Part I1,two chapters-Chapter 
11, "Global Systems and Cycles" and Chapter 12, "Policies 
and Institutions'"-are designed to provide a cross-cutting 
look at the issues covered by the other chapters. 

There arc three new chapters in 4World Resources 1987. 
As indicated, Chapter 11, "Global Systems and Cycles:' 
looks across the narrower boundaries of other Part I1 
chapters to examine the connections between, for exam-
ple. the earth's atmosphere and its oceans. Each year, this 
chapter will also look at one of the major biogeochemi-
cal cycles essential to life-this year the carbon cycle. 
Human impacts on the carbon cycle are altering the con-
ditions for life on earth. Carbon released by burning fossil 
fuels has increased the concentration of carbon dioxide 
in the atmosphere, which is the largest contributor to 
global warming. Unaerstanding these systems and cycles 
is essential to understanding the ultimate consequences of 
our actions in altering our environment, 

The other new chapters are in Part IlI, where we delve 

to the Reader
 
more deeply into issues of particular concern. This year 
one Part IIIchapter examines the persistent problem of 
hazardous wastes, one of the most serious environmental 
issues facing industrialized countries. Another looks at 
several successful projects in sub-Saharan Africa in a 
search for the keys to sustainable development of agricul
ture. 

Other [art II chapters are retained from last year but 
focus on new topics. For example, Chapter 2, "Population 
and Health:' examines the effects of a dramatic drop in 
fertility (below the level at which population replaces 
itself over time) in developed countries and reviews the 
state of human health in the world. Chapter 4, "Food 
and Agriculture:' examines trends in cash crops and food 
crops in the developing world and the environmental 
impacts of increasing agricultural production in the devel
oped world. Chapter 7, "Energy," analyzes major energy 
trends, assesses new and renewable sources of energy, 
and looks at nuclear power after Chernobyl. Chapter 12, 
"Policies and Institutions' examines the growing trend 
toward international agreements on transboundary pollu
tion problems and shared natural resources. 

As in last year's edition, Part IV contains data for 146 
countries on the extent, condition, use, and value of 
many of the natural resources analyzed in Part 11.In 
addition, this section includes two other chapters on 
"Basic Economic Indicators" and "Land Use and Cover." 
Overall, about half the data tables are new this year; the 
other half update last year's tables. Among the tables 
unique to this volume are "Unmet Need for Contracep
tion" (Table 16.5), "Selected Internationally Important Wet
lands" (Table 18.2), "Recovery of Selected Materials" 
(Table 22.6), "Large Dams" ('able 23.4), "Marine Mam
mals" (Table 24.2), and "Public Opinion on Environmental 
Issues" (Table 26.4). 

The tables in Part IV continue to show many areas 
where data are incomplete or entirely missing. Through
out World Resources 1987 v;. have attempted to point 
out where serious gaps in data exist, in order to 
encourage organizations and agencies to fill these gaps. 
As the World Resources series grows, it will touch on 
other major issues and present more comprehensive data 
tables as these data become available. 
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Perspectives Part I
 

I. Global Connections
 

One year ago, World Resources 1986 was published as 
the first of an annual series devoted to providing objec-
tive, accurate, and up-to-date information on the world's 
environment and natural resources. This series was 
launched with the belief that wise management of natu-
ral resources and the protection of environmental quality 
are intimately linked to achieving sustainable economic 
growth, alleviating poverty, promoting public health, cop-
ing with the pressures of population expansion, and 
ensuring long-term political and economic stability 

By coincidence, during the week that World Resources 
19,6 was released, world attention focused on the small 
town of Chernobyl in the Soviet Union. The nuclear reac-
tor accident there released a cloud of radiation that 
passed over most of Europe and raised fears that it might 
encircle the globe. The governments of most European 
countries scrambled to assess the full extent of the radia- 
tion and to devise strategies for dealing with fallout and 
contamination while they wondered what could have 
been done to prevent or at least to respond bette:' to 
such a crisis. That single event, more than any ohcr in 
1986, dramatized our dependence on the environment 
and our ability to affect it significantly. 

Thirty-one people died as a result of the accident. The 
radiation cloud from the Ukraine recognized no political 
l)oundares. The health and well-being of millions of peo-
pie depended on the vagaries of wind and rain as the 
radiation spread over most of Europe. Traces were 
detected throughout the northern hemisphere. Contami-
natien of crops, livestock, and soil was widespread, c:us-
ing substantial economic losses. Long-term effects include 
an estimated additional 5,000-50,000 deaths over the 
nexi 30-60 years. Chernobyl dispelled any lingering 
notion that a nation can independently ensure the pro-

tection of its environment and the welfare of its citizens. 
(See Chapter 7, "Energy," Box 7.2, Chernobyl: An Interna
tional Accident.) 

In November, a large volume of toxic chemicals, includ
ing mcrcury, insecticides, and dyes, spilled into the Rhine 
River as a result of a fire at the Sandoz chemical plant in 
Basel, Switzerland, As at Chernobyl, the pollutants 
quickly moved across international boundaries. The spill 
caused massive fish kills in Germany and France, 
required substantial cleanup efforts, and threatened 
human health throughout the Rhine basin. In response to 
demands from downstream neighbors, both Sandoz and 
the Swiss Government promised to compensate victims 
for financial losses after the economic and health costs 
are fully assessed. (See Chapter 12, "Policies and Institu
tions' The Rhine River.) 

These and other less dramatic events in 1986, such as 
continuing famine and food shortages in Africa and the 
confirmation of the seasonal thinning of the ozone layer 
over Antarctica, exemplify two related themes that run 
throughout World Resources 1987: 
U The global environment is an interconrected web. 
The links among the natural systems of air, water, land, 
and the living biota are often global. Disturbing any one 
of them can have unexpected results that are remote in 
both space and time. 
U 7he human :a,& relies on the environment and there
fore must manage it wisely. The prosperity of nations 
and individuals depends upon the quality of the environ
ment and the availability of natural resources. Yet it is 
principally human activities that degrade the global 
environment and deplete the world's natural resource 
base. Our future health and well-being depend on our 
ability to manage the earth's epvironment successfully. 

'Void1 



Global Connections 
These two themes are exemplified by the following 

major environmental and natural resource issues, which 
are drawn from tile niny to)ics covered in li.r/h 
Resources 1987. 

Depletion of Stratospheric Ozone 

Stratospheric ozone depletion was a leading global
environmental issue during 1986. The presence of ozone 
in the stratosphere is vital to human health because it 
substantially reduces the aniount of ultraviolet (U%1) radia-
tion that reaches the earth's surface fioni the son. Deple-
tion or loss of this protective shiel I would substantially
increase radiation, resulting in an increase in skin caicers 
among humans, possible damage to the hiulran iminnune 
system, and a variety of impacts on otiher species, In tle 
United Stat.s, it is estimated that a 1 percent incrcase in 
UV radiation would increase the num-)er of nonmalignant
skin cancers by Up to ' percent and the num1ber of 
deaths from the rarer malignant nielanonmas by about 1 
percent. Research also suggests that increased UV radia-
tion would damage some crops and the sensitive plank-
tonic .rganisns that support marine food chains, 
alihough the magnitude of these effects has not been 
estimated. 

Unfortunately, humans are probably beginning to)cause 
depletion of the ozone 'ayer primarily because of 
atmospheric emissions of a group ot highly stable synl
thetic coi)ou nHILs roflult.carbons (CCs) thatcalled chhl 
destroy ozone. These chemical co11lpotiids, first manufac-
tured in the early 1930s, found widespread use ill a vai-
ety of commercial and :ndustrial applications, including
refrigeration, industrial solvents, and propellants for aer-
osols. Highly valued )ecause they are nontoxic, nonreac-
live, and "safe" to wzt, produc'ion and use of CI:Cs grew
substantially and atmospheric emissions rose. In 1985. an 
estimated 650,000 metric tons of the two most common 
forms, CFC-1I and CFC-12, were emitted. Concentrations 
of CFCs in the atmosphere have almost doubled in the 
past ten years, increasing from 320 to 607 parts per tril-
lion for CFC-11 and CFC-12. (See Chapter 25, "Atmosphere
and Climate:' 'lhble 25.1, Atmospheric Concentrations of 
Env:ronment-lly Important Trace Gases, 1959-86, and 
Ihble 25.2, Annual Emissions of Environmentally inpor-

tant Trace Gases, 1925-86.) 


Theoretical work first reported in 1974 by U.S. scientists 
suggests that CFCs, through a complex physical and 
chemical process, can migrate to the stratosphere, where 
they can chemically react with ozone and destroy it. 
Although the destructive impa':t of CFCs on the ozone 
layer has not been validated empirically, sevea! aations 
restrict CFC use and production. In 1985, cout.n~ing con-
cerns led to signing of the Vienna Convenizoi, for the 
Protection of the Ozone Layer, an initial agreement in 
principle to control CFC use. However, no agreement was 
reached on exactly how and when to achieve a reduc-
tion. Since 1985, the signatories to the Convention have 

met several times to discuss such an implementing pro-

tocol, but they have not yet reached an agreement.


In late 1985, British scientists reported evidence of a 
"hole" in the ozone shield over Antarctica during the late 
winter and early spring months (August-November). 

Monitoring data, which go back more than 30 years, 
show that ozone concentrati(ons over Antarctica are now 

I10 percent lCsS during this season than they were in the 
mid-1970s and that the area of the hole is growing. No 
danage is apparent, but the head of Argentina's National 
Meteorological Service has warned that the hole may
s ion be large enough to expose southern Argentina to 
potentially dangerous am(ounts of ultravio!et radiation. 

Although tlere remains some scientific debate over the 
causes and implications of the ozo.ne hole and its possi
ble relationship to a global depletion of the ozone layer,
the entirely unexpected appearance of this Antarctic 
phn)inenon has stimulated considerable public discus
sin and concern over the ozone shield. The.;e growing 
concerns have helped fuel efforts to react, agreement on 
the protoco! to the Vienna Convention. Even the U.S. 
cheru:Cal industry has modified its resistance to restric
tions on CFCs. The Alliance for Responsible CFC Policy
a coalition of about 500 users and producers of CFCs
now publicly supports the need for limitations, and the 
world's largest producer (DuPont) favors a policy to 
encourage the development of environmentally accept
atle Substitute:; that can !)e introduced over the next five 
years. (See Chapter 10, "Atm(osphere and Climate:' Focus 
()n: l)ecreasing levels of Stratospheric ()zone, and Recent 
Dievelopiments: I)epletion of the Ozone liyer, and Chap
ter 12. "Policies and Institutions:' Stratospheric ,)zone.) 

Agricultural Production in SubSaharan Africa 
The population of sub-Saharan Africa is growing faster 
than that of any other region of the world. Althougt'
total agricultural output has risen, it has not kept pace
with population growth. Per capita agricultural production
and per capita food production have both fallen consis
tently over the past 20 years, resulting in increased pov
erty and malnutrition. Even before the 1983-84 drought,
99 millitun people were acutely malnourished. With 71 
percent of the labor force in agriculture and 77 percent
of the population living in rural areas, thc health, nutri
tion, and income of the majority of Africans are insepar
ably linked to agriculture. In a continent where the 
use
 
of fertilizers, irrigation, and new seeds is the lowest in
 
the world, agriculture depends on the health of the
 
environment and vice versa.
 

Africa's environment is not naturally favorable to agri
culture. The soils are poor-55 percent have severe fertil
ity constraints, hI addition, many African soils have
 
limited water-holding capacity and are highly susceptible
 
to erosion. Sub-Saharan Africa shares with other tropical
regions the problems of rain that falls predominately in 
erosive downpours, the stresses that dry seasons place on 
vegetation, the high temperatures that accelerate decom
position of organic matter, -nd the absence of a cold 
winter to kill pests and reduce disease. Outside the 
humid zones, rainfall is highly variable and prolonged 
drought is a constant threat. 

Human activities have degraded the already fragile nat-
Ural resource base. Traditional agricultural systems
shifting cultivation and iio.nadic pastoralism-used abun
dant land for only a.limited time before abandoning it, a 
practice that allowed natural resloration of the land 
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through relatively long periods of inactivity. With larger 
aod rapidly growing populations, land is less al'undaiit. 
Fallow periods have been reduced in many areas and are 
no longer sufficient to restore fertiiity or provide ade-
quate grazing or fuelwood. 11 .uanv countries, cr01) yilds 
are stagnant or declining, fallow and farmiland are over-
grazed, and fuelwood needs are met by depleting the 
stock rather than by replanting. Vegetation cover is 
weakened, runoff increases, erosion accelerates, and top-
soil is irrevocably lost, further reducing soil fertility and 
continuing the downward spiral. 

In 1980, Africa's forests were being J1eared at the rate 
of 3.7 million hectares per year-t.i percent of the con-
tinent's total undisturbed forests. ,\ n nu.I rates of 
deforestation reached .1 )ercent in Nigeria and almost 6 
percent in the Cote (I'l.ilre lidllng the early 1980s. 
Throughout sub-Saharan Africa, deforestation outpaced 
new tree planting? 29.1. Desertification of dry lands--the 
loss of the hbo '_gicul Drt dLctivity of laUd, which can lead 
to desert-like ionditiois--aflects NO percent of rangelands 
iand rain-fed erlland, and :30 percent of irrigated land. 

Soil erosiin is widesprxiad, with anii.ial topsoil losses of 
up to 29( ni etric tons F~rhliectare on relatively steep 
slope'i in Ethiopia. Ever, moderate slopes can erode rap-
idfly when unprotected by vegetaiiio. In West Africa, 
losses ,, 39-55 metric toins per tiectaue have been 
repoted oi slop(.; of only 1--2 per.cent. Wind erosion, 
signiticant io drier areas, erodes even flat land. (See 
Chapter 14. "Flojuents Of Su(cess: Sustainable )evelop-
ment . SLIb-Iaharaii Africa' The Dimeijsions of Crisis; 
and Chapter 19, "Forest:; and Iu-iigelands:' '"Ible 2(0.4, 
Extent of Desertification.) 

Efforts to iacrease avricuhnural lpodUctivitv are often 
limited by the lack of funds for fertilizer, improve(] seeds, 
and tools. 'Yt, even when funis have been available, 
many efforts at intensifying agricultural production fail to 
recogni:.'e Africa's em;: onmental realities. By promoting 
moiocropping iiistead of ;ntercropping, increased cattle 
production onl fragile lands. and tractor plowing or 
nmachine clearini methods on soils that (leiancd minimal 
disturbance, these efforts often led to less rather than 
more productivity despite the expenditure of considerable 
suMs. 

Several projects in stLb-Saharan Africa demonstrate the 
fcasibility of reversing this process of degradation. They 
include vat iOus fornis of a .lroforesty, which combines 
farming with tree growing. thus raising the total produc-
tivity ouf a given piece of land. In semi-arid areas, plant-
iug trees for vindbreaki cam reduce soil erosion and 
improve wattr ini*fitration, increasing agricultural produc-
tion. in dthe Majia Valley f Niger, windbreaks of neem 
trees increased crop yields 18-23 percent while providing 
a new and easily accessible source of fuelwood. 

Alley cropping with rows of nitrogen-fixing trees, such 
as Lcucacnu hMucnc,. aiternating with rows of crops 
such as maize is efictive in humid and subhumid areas; 
yield increases averaged 39 percent. There are other 
benefits as weil. Soils become richer in organic matter 
and moisture levels increase. The higher yields are 
achieved on a sustainable basis, permitting continuous 
cropping and requiring no artificial nitrogen fertilizers. 
(See Chapter 4, "Food and Agriculture," Innovations in 
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Third World Agriculture; Chapter 5, "Forests and tange
land," Focus ()n: Agroforestry; and Chapter 14, "Elements
 
Of Success: Sustainable Development in Sub-Saharan
 
Africa:' Case Study: Alleycropping.)
 

lazardous Wastes 

In the industrialized world, few issues have brought home
 
more clearly the ability of humans to affect the quality
 
of their environment and the complex interconnections of
 
!and, water, and air than have hazardous wastes. Twenty
 
',ears ago, industrial wastes (including hazardous wastes)
 
were dumped into a river, carried to a landfill, or poured
 
onto the !Yround. An out-of-iiglit, out-of-mind mentality
 
prevailed. No one worried !hat these materials might
 
come back to haunt us.
 

Today, after too many d;.scoveries of toxic and hazard
ous wastes' finding their way into the water we drink, 
the air we breathe, and the land on which we live, 
governments are struggling to deal with this history of 
Iic,mtrolled dum)ing and to manage the continuing out
l)ut of these sulhstanices. No one knows how many old 
waste dump sites there are. In the United States, esti
mates of the number of sites requiring priority cleanup 
under the federal Superfund program vary among U.S. 
government agencies between 2,500 and 10,000. Cost 
estimates for the sites are $23-$100 billion. But these 
figures cover just the worst problem sites. An estimated 
75,000 active industrial landfill sites and 180,000 surface 
impoundments (ponds) may also contain hazardous 
wastes. It is estimated that nearly 2 percent of U.S. 
groundwater aquifers may be contaminated. 

Many European countries face a similar situation. For 
example, the Netherlands Government estimates that up 
to 8 million metric tons of hazardous chemical wastes 
may be buried in Dutch soil-most of it in leaking metal 
drums. About 5,000 hazardous waste sites have been 
identified, of which more than 1,000 require immediate 
or priority attention. Total costs for cleanup could reach 
$5.6 billion. Similarly, the Federal Republic of Germany 
anticipates cleaning up 2,000 of its 21,000 abandoned 
waste sites at a cost of about $4 billion. 

Up to 95 percent of all hazardous wastes generated in 
Easte:n Europe are disposed of in landfills, many lacking 
any environmental controls. Because authorities did not 
generally keep track of potentially hazardous wastes until 
recently, no estimate of the total number of potential 
problem sites is available. However, the discovery of 
individual problem sites, such as the contamination of 
town wells for drinking water in Vac, Hungary, by chemi
cals from improperly stored waste drums at an aban
doned waste site, suggests that the problem will grow. 

Even less information is available in the developing 
world on the 6isposal of hazardous wastes. Although 
much less hazadous waste has been produced in the 
Third World than in the industrialized countries, adequate 
treatment and disposal are almost totally lacking. 

The extent of health risks associated with individual 
dump sites is generally unknown and is extremely diffi
cult to determine. Assessing risks requires knowing not 
only what wastes were dumped but also how they inter
act and how they spread through land, water, and air. In 
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a Study of U.S. Superfund sites, 230 hazardous chei icals 
or groups of chemicals had made their way outside the 
sies-I173 wet, fhinil ill reservoirs,nearby gri)undwak,,r 
1(;2 insurface water, a; 5 ini th, air. Furither, health 
effects depend lii t lily ()ll the t,pc of toxic or hazard-
oils substance but also oil its concentration, the type of 
eXpOsure (ingest ill. c(ltact with skin, etc.), aid tile level 
and duratin ofIexposure. 

I)espite the extrelile diffictlty of assessing eliviroiuilen-
talcontamiination froin toxic vastes aild extrapoliain, 
health effects, what we knlowiablt tie chemicals iit 
these (lumps is certainly c(,lse for cOicerl. Ill a study Of 
90) hazard)us waste sites ill the United States, 1,.1hxic 
pollutants were fouind. Aiiong Ithtell most clolnii 
substaurics, sevel iare )elievyed ti Cluse' c;llL'Cir; seVel, 
hirth defects; and five. genetic daiiiage. Srmie cause 
immediate puisoning, arid low-level, lung-term expostire 
to ,;,'tually all of iCti, particularly thrOugli ciOnitanuillatedi 
drinking water, can damage iihuniai health. 

In light of the sad histcary of toxic waste disposal, most 
)ECI(F)cmiitries inl tie )ast 15-2) years hav. instituted 

regulations governing the handling ai disposal of haz-
ardotus wastes. Ihe regulations fall far short utf dealing 
s,'cccssfully witht a threat ()f the Iiiagnitide (Of hazardous 
wastes. Foir exali pe, [!-S. iidt -;try prioduces allestimated 
26i5 million iietric tois of hazardouis wastes annually. 
Although tie U.s. ;virililent Ilas estaliished a federal 
mlilliifes! system fior tracking th1w wastes to eiute ptiper 
disposal, it alpl)iies only ti tie .Ipercenit f hazardioius 
waste., that are tianspirted away front their sites of 
origin. 

Eighty percent of lazarCIous wastes in ODEC countries 
are still disposed of in landfills or other land-based stor-
age sites. )nly 5-10 percent are incinerated or thermally 
destroyed, amid no more than 5 percent are recycled,
reclainicd, or reused. Land disposal, even under carefully 
controlled conditions, does not eliminate the threat of 
hazardous wastes; land disposal merely contains it for the 
imrmediate future. Lindfills designed to contain hazardous 
wastes must be lined, but most experts argue that the 
clay or other harriers built to contain the wastes are 
geinerally inadequate to prevent hazardous wastes from 
eventually seeping into the surrounding soil. Significant
risks tn human health will continue until ways are found 
to sl,,,piling up these wastes: through extensive recy-
cling tand
reuse of these materials, further develo)mett 

of technologies for waste destruction, and increased 

source reduction-avoiding the creation of hazardous 

wastes in the manufacturing process in the first place. 

(See Chapter 13, "Managing Hazardous Wastes: The 

Unmet Challenge.") 

Pollution of River Systems 

The Rhine chemical spill was a catastrophe whose effects 
on the river were immediate and visible. It made head-
lines around the world. Yet every clay the world's rivers 
receive an enormous stream of industrial discharges, 
human sewage, and surface rtnoff from urban and agr;-
cultural uses of the land. Rivers and streams are of major
importance historically, providing water for drinking, 
washing, agriculture, transpottation, and disposal of 

htmani wastes. Mire recently, rivers are ui:ed increasingly 
for poiwer generatioin, industrial processes (such as cool
ing), aid( disposad of industrial effluents. Intensifying use 
is burdening rivers with an increasing load of pollutants 
that threateni the future usefulness of the rivers. 

Growing populations aid economic development pro
cce ili wastes anrd sewage, WhichcrtaSi il anoiunts Of 


can 'verwhelin a river unless they are adequately
 
treated. But in ilnay parts of the world, especially inl 
MOSt developing Cl untries, water treatment and pollution 
contro! are either grossly inadequate or totally lacking.
Ior example, in China, where waste water severely pol
lutes 70)perceit of tie country's 78 monitored rivers- an 
estimated 98 percent of allwaste water goes untreated. 
)uriniig stllnier lolliths, untreated waste water has
 

accoulte( for up to 25 percent of the waters of the
 
I-tang'ti Rive, Shanghai's primary source of drinking
 
water.
 

()ther Asian COilltries face similar situations. More than 
two thirds f lIndia's water resources are polluted. One 
indicator of ultreated human (ard animal) sewage is fecal 
coliform bacteria inwater. Although World Health Organ
izatioll guidelines for safe dr*Jnking water call for 98 per
cent of all samples to te free from coliforni, recent 
measturellletnts inIndia'siMali and Napada Rivers averaged
550,000( and 260,)00h per 1) milliliters, respectively. By 
failing to install waste treatment facilities, many of India's 
growing new industries have also exacerbated water pol
lution (See Chapter 8, "Freshwater," Water Pollution, and 

7Chapter 23, "Freshwater, lhble 2:3.3, River Water Quality.) 
Untreated or inadequately treated sewage and industrial 

effluents have caused water quality to deteriorate in the 
Philippines. Incredibly, domestic sewage constitutes 60-70 
percent iif Manila's Pasig River. Its dissolved oxygen con
tent is now 3.1 milligrams per liter, the level at which 
aquatic fife begins to die. liMalaysia, palm and rubber 
effluents, Other industrial wastes, and sewage have caused 
42 rivers to be officially labeled "dead:' 

Although data are scarce, countries in Africa appear to 
be facing similar problems. Agro-industrial activities, in 
additiom to raw sewage, are a significant source of poilu
tion. In Nigeria, the brewing, slaughtering, and sugar 
refining industries make little attempt to control water 
pollution; in Kenya, the coffee and tanning indusries are 
the major source of pollution. 

In South America, with the world's most abundant 
water resources, most municipalities and industries dis
charge their effluents virtually untreated. The mining 
industry is the worst offender, )articularly in the Andean 
countries. 

Data on river pollution in the developed world are 
most readily available among the Organisation for Eco
nomic Co-operation and Development (OECD) nations. 
Including many of the world's most industrialized and 
urbanized countries, OECD nations were among the first 
to confront water piollution-by instaling waste water 
treatment plants. By 1983, over 50 percent of the popula
tion in 21 of the 24 OECD count'ies surveyed were 
served by a waste water treatment facility. 

As a result, rivers insome areas are becoming cleaner. 
Biological oxygen demand (BOD)-the amount of oxygen 
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used by microorganisms in oxidizing organic matter-has 
generally decreased since 1970. The biggest improvenent 
was in the Seine River in France, where B( ) dropped 
60 percent between 1975 and 1983. 

Progress in reducing tile levels Of other pollutantS is 
mixed. For example, lead levels in the Rhine River at 
Bimerni in the Federal Republic of (ernany dropped 
from 24 micrograms per liter in 1975 to 8 inicrogranis 
per iiter in 1983, but nitrate concentratiolS nore than 
doubled between 1970 and 1983. 

In Eastern Europe, where data are scatc'e, the 1Ic)llei 

appears more severe. Poland's Vistula tRiver. whi(l ruis 
through some of tile country's t ioSt heavilV indiistrniized 
regions, was so badly polluted ill 1978 that for 636 
kilometers-60 percent of its length-the water was (il-
sidered unsuitable even for industrial use. I'le stretch 
running through Krakow was reportedly devoid Of Ibioibg-
ical life. In 1977, 75 percent Of tile effluents (hunl)le, illto 
the Soviet Union's Volga River were untreated. Ii 'iil-
gograd, industrial wastes accounted for 1t percent of tile 
Volga's total a:nu1fal flow. (See Chapter 7, "Freshwater," 
Water Pollution.) 

Inevitably, a large proportion of riverbuii e pOllutillits 
flow into seas and oceans, with major effects felt along 
tile coasts alnd( in enclosed seas. For example, the 
Chesapeake Bay inrthe United States is a highily produ(i 
tive estuary fed by 150 rivers and streams, ha rboring 
about 200 species of fish and shellfish and 2,700t1 speCieS 
of other aquatic animals and Ilants. Primarily as a result 
of pollution, tile annual catch of striped bass fell 90 per-
cent between 1970 and 1983. Oyster harvests dropped 
about 50 percent over the past 20 years. Thle plincipal 
pollutants are nitrogen, phosphorus, and toxic chemicals. 
Most of the phosphorus is from municipal sewage ad 
industrial wastes, and roost nitrogen is from aglicultural 
runoff. High concentrations of toxic organic ('(litilOuids 
and heavy metals are found in sediments near industrial 
areas, primarily along the major rivers. (See Chapter 9, 
"Oceans and Coasts:' Box 9.1, Turning the Tide in the 
Chesapeake Bay.) 

Enclosed seas such as tile Mediter auei arid the Baltic 
ar . also severely affected. About 85 percent of all polllu-
tants reaching the Mditerraneai are from land based 
sources, th" great majority of them carried by rivers. 

TI-,: Baltic Sea is fed by somc 250 river systeins. The 
surrounding region is highly industrialized with over 20) 
major industrial complexes-including steel and metal 
works, chemical industries, and pull) and paper mills. 
Major pollutants reaching the Baltic include heavy metals, 
such as mercury, cadmium, lead, zinc, and col)per; PCBs; 
DDT; and nutrients such as nitrogen and phosphorus. Ant 
estimated 1.1 million metric tons of nitrogen enter the 
Baltic each year. Although some progress has been made 
in reducing mercury and DDT levels over the past te 
years, the high overall pollution levels have resulted in 
severe oxygen depletion in nearly half of the Baltics 
deep waters (approximately 100,)00 square kiloimeters). 
This lack of oxygen makes it virtually impossible for any 
life form to survive. (See Chapter 9, "Oceans and Coasts:' 
Land-Based Sources of Pollution, ard Regional Seas: The 
Baltic.) 
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Conclusion 

Hliman activities are changing the global environiment in 
liany ways, too) Oftel to its detriment and the detriment 
of people. The effects are somitetimltes direct and obvious, 
but luli)re O)ften they are sutle, indirect. delayed Or 
eutirely unexpectel. 

Iollutants are cal tiid I)N the niatu ral flows Of water and 
wind far from their origit I, frequetitly across iii ternatio tal 
I)iUndaties. The person who becomes ill from drinking 
polluted river water lmi.' ie hundreds of kilometers front 
the source Of the pOllutilnts (GriOui1Id(water may become 
c,itainiated by hazardous wastes seeping from an aban
dome mauy years after the dulnting took place.i((ldunip 
The uiainticipated risks Of an increased inilidence (f 

cilri's aMid othelr efects Of depletioii Of the ozone layer 
are betOiniig kioii dec'ades alter (Tl's begall Ito be 
widely(ised. 

I)eforestiitioli, OVerciOppiilg, ad uithilir stresses--cats#.d 
by preJssires to feed a iapidly groWiing i)ppulatioil-
iiievitably lead to declining soil fertility and water-holding 
'a[pacity. Iliese declines, ill turtn, lead to increased soil 

erl0sion anld futhtli r degradationi if the soil's capacity to 
sppot it steel I dwward spirai.11r gritule in :t 

The elivironieIital impacts of hititai activities in these 
examples are largely negative. But t1it.y need not be. 
Peopl can also affect the environment positively, and it 
nit lber o ifsighs indicate a growi ig cotnittiinit to sus
taining anid improving tile global enviroinettt. Public 
Sulport for ei virtoiental protectin and for govern
mental spenditg to achieve it is high. Public Opinion polls 
in the OECD coutries over the last seven years consis
tetitly show these attitudes to be strong. (See Chapter 26, 
"Policies and Institutions:' 'lable 26.A, Public Opinion on 
Eiivitonne tal Issues, 1979-86.) 

There is also ;i growing recognition that effective 
rrmanaget nent of natural resources and protection of tt-e 
enviroinent require cooperative actions by many nations. 
The result is a growing nuitiher Of international negotia
tions and forrial agreements on issues of shared natural 
resources and transboundary pollution. Although many of 
these agreements have achieved little actual reduction in 
pollution so fi', they often embody research, monitoring, 
assessment, aid coisultatiom activities designed to lead to 
further actioi. (See Chapter 12, "Policies and Institutions.) 

1986 saw several small steps which hold significant 
promise for the future. 

A flood of international discussions followed the Cher
nohyl and Rlhiune accideints. In the case of Chernobyl, 
they have already ied to new agreements on reactor 
safety and the handling of international nuclear emergen
ties. The more recent Rhine chemical spill prompted 
initiatives ii five international organizations-the OECD, 
tile United Nations Environment Programmte, the Eco
notiic Commnission for Europe, the Council of Europe, 
and tile European Economic Coininittee-with the inten
lion of improving control over hazardous materials and 
the handlitg of accidents involving hazardous chemicals. 
(See Chapter 7, "Energy:' Box '7.2. Chernobyl: An Interna
tional Accident: and Chapter i, "Policies anu Institu
tions:,' The Rhine.) 
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In May, an unprecedented Special Session of the United 
Nations was held on the problems of Africa. There was 
remarkable agreement on the need for both African 
governments and the donors of international assistance to 
focus on agricultural development. The necessity of 
ensuring the sustainability of agricultural development 
was also widely recognized. Unfortunately, the financial 
resources needed to accomplish the session's lofty goals 
may not materialize. (See Chapter 4, "Food and AgricuLI-
ture:' U.N. Special Session on Africa.) 

Progress was also made on other fronts, particularly a 
gathering commitment to carry out the Tropical Forestry 
Action Plan (see Chapter 5,"lorests and RIngelands:' 
Progress on the Iropical Forestry Action Plait) and the 
slow but steady progress toward an enforceable agree-
ment to control CFC emissions. 

Note must finally he made of another imlportant event 
of 1986, one that could have a profound impact on our 

understanding and therefore our a)iiity to manage the 
global environmen t. At the 21st General Assembly of the 
International Council of Scientific Unions (ICSU) in Sep
tember, an ambitious long-term (10-20 year) program of 
global scientific research was unanimously approved: the 
International Geosphere-Biosphere Programme (IGPB). Its 
goals are unprecedented in scope-to describe and under
stand the interactive physical, chemical, and biological 
processes that regulate the total earth system, the unique
environment that it provides for life, the changes that are 
occurring in this system, and the manner in which they 
are influenced by human actions. The program amounts 
to the birth of a new scientific discipline-earth systems 
science-that may ultimately enable us to use the earth's 
resources ever more intensively, yet without damage to 
their integrity. (See Chapter 11, "Global Systems and 
Cycles," Recent Developments.) 

WorldResource,
1987
 



World Resources Reviews Part II
 

2. Population and Health
 

As the world population passes the 5 billion mark in 
1987 (1),the overall rate of increase obscures large differ-
ences in population trends between the developed and 
the developing world. The developng world is growing 
2.4 percent per year (2 percent if China is included), but 
the annual growth rate in the developed world is only 
0.6 percent. In the Third World, a woman heals an aver-
age of five children (-4.2, including China), and, in the 
industrialized world, two children per woman is the 
norm-a number that is below replacement leve.l (2). (See 
Table 2.1.) 

Much useful work has been done in invesiigating the 
social, economic. political, and cu!tural factors that 
influence population growth and decline. In general, high 
birth rates are found where mortality rates are high, 
where household labor is the key to agricultural produc-
tion, and where children are essential to the well-being of 
parents in their old age. Fdling birth rates, on the other 
hand, are normally found when educational opportunities 
for women and children increase and when women 
move from unpaid family labor to paid employment. 

Regional differences in birth rate. have much to do 
with underlying cultural norms. A key variable is the sta-
tus of women, which is a function of their economic 
dependence on, or independence from, fathers and hus-
bands. A greater degree of economic independence 
among women in tile Caribbean and Southeast Asia, for 
example, has contributed to notable declines in birth 
rates. Whereas ii South and Southwest Asia, young wives 

are subordinate in the extended households of their 
parents-in-law, and birth rates remain high. 

Political events and philosophies also affect the fertility 
decisions of many people, both through explicit govern
ment population policies and through the influence of 
events and policies on economic, cultural, and social forces. 

Many governments in both the First and Third Worlds 
worry about their countries' population grcwth rates-in 
the Third World, high growth rates often creat* )roblems 
for their national economies and add pressure to their 
resource base, and, in the First World, declining birth 
rates and aging populations may lead to heavy economic 
burdens on a reduced work force. 

Health status is one of the most sensitive indicators of 
wider social and economic conditions. In a poor country, 
the polj.!ation frequently suffers excess ill health and 
premature mortality. In a rich country whose wealth is 
unevenly distributed, sickness and death are distributed 
unequally. Health is a vital resource both for individuals 
and for the society in which they live. Without good 
health, people cannot participate fully in normal social 
and economic activities. Poor health is a major disaster 
for those whose lives are diminished or prematurely 
ended. For countries whose economic growth is limited 
by it, it is a liability. A look at the state of world health 
today reveals the fact that good health is unevenly dis
tributed both around the world and within particular 
countries. Major policy initiatives are needed if health 
conditions are to improve. 

7 
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CONITINSND i~-::~ 2~tyF1gure-2 1 y'World Pjopulation Growth: 
"-Deveoping~an Dveoped Regions, 1750-2100-POPULATION TRENDS -

1n 1750, there ere tapproxiinaey 760 i Iiiloiet: 

recent esimates calculate thatthe 'wrds ouainwl
 
pass- the 5 billion mark in"1987..Although tlie overall-,
4growth' rate is declining, the World populatiolj exp~ected


~to-increase anothe 3 billi6d~betweeni1985 and 2025 'in ~" 8Total World the 20yewrs between 1750 and' 1950,, th~e ppul4
 Pototal'o 

tion',of the world increased by a factor obf 3.3., Curre'nt
 
e,stimates for the year ,2025 sugge'st that in'justi.75 year,

itt will hav'e grown by another factor of 3.3 (4).',See4 Fig- :..'
 

4.4 

,There' have beentwro major periods of worldwide popula 
.tion 'expansion: 1750-1950 and 1950-1985., The first was~
 
triggered brthe Induistrial Revolution~ (5). ,The most rapid 
 2
grwh'e ocurdin Europe and in the Amhericas -.
 

and Oceania, ,where the Europeans settled. inabsolute1
 
numbers, Asias population increase was the highest ' 

bcueits population was so Ilarge to begini with.) ' "''4 ").

The second majorlpeiod began in the middle of' this150 80 150'9O 150 20 4rO0 20 <jcentury, and growth has been concentrated in the Third 
World', Improved st~ndards of living and imrvment n Mlin 
pjitblic' health have reduced death rates while birth rates 90 'have remained' high. Growth rates in industrialized coun- Increase inNubrbyDcd
tries are now low: population in th~e developed world 80 Nubr wDcd
 

Developing Regions
 

-' Table,2.1, Globail Population Statistics-7 eeopdRgo 

Population mid-1986 "''50 
r4 

~''44(millions) 4942 1,180 3,762 2,712
Crude Birth Ratea ~ 27 15 '31 37 
 *--.4'~Crude Death Rateb II 1 11 12*-'-""
Natural Increase. v 40

(annual, percent)'P - 1.7 62 2."

Population 'Douboling.'
 

T-4-- - 12 ~30ime" inYears (at 1 
Population Projection'- ",I4 

S ,-'to 2000 (millions) 6,157. .1264 , -4,893 3,703 _ ____Population Proje20o

~to 2100 (millions) 10,445 1,417 .,5
:'9,028 

Infant Morti~'ty Rate
(number'ot deaths 10beore the age of Ell
4 11iyear per 1,000 live4
births) 'k'S<-4 82 17 92 99


Total Ferlilitj Rate 1750
~"(average number of 180 15 90 '-190 20'00 2070104 19 9 o~g 0 ~20births per v~rnan) 3.7 " -1.9' . 4,2 5 -44 
''25 

jercent of Population 35(6' 
4 

- A2n12A-~314sia excludngJapan), and LatinAmerca'Unle 1/0e 65 356 212 3/0 41114 L ~Regions -Euope the UISSR.Japan. and Oceana (inducing ,%"traja 4J4
andiN~e-w.--

' {K~44years -6'Ag'e "4' . '' aaId)and NxihAmerica(Canada and therIleaSates). rLife Exlpectancy.at ~~' 
4. 
i- Source: Itionmas W Mrnick, et id. 'Vbid Poputation in1ansillon,' fbputaton Bulletin, Vol41,44Din (ycars)4" 62 73' 5.8 ~ 56 4 No.J2,(18) Fiur 14 p~ 4'444.444- ~ *4 4414~Urban Po.lalionl 4'~(Z,.""' ~ 4 4, 

1 ~r4 - 444 ~~ ~ 't 4 :"4-'e'+'n')' 4 3 j 'K 72 34 43 " 4 44'4 '4 4 

1950-85 (milhonsh 2, 342 1,97 1 6 . ' 
PopulationGircm'h ~- , " 

-'44't4 increaed4 percent,compared to 117pecnint'1~~95 2020 (millions) "2,98 M '203 y2,783j '2,415~'-''. ~I.~L'APer ,Capita GNP, 19a " ' ~ ~ 4~4'4-
" ~ '~ Third World, between 1950 anid 1985 (6). (See4.Figure 2.1);(us Volars)" $2760 $9,510 S700 $ ~870' " Th~e highest'4growth rates, currenly are4-in Afrc a*nd
 

Noes: Lat {in America. Between 1985 and 2025, Africalsbverage annual nurpbeq otbi po 10 expected Co incease~its shar of the tota world popula
on, u' mWa PopulatBDG,1956) 

.wa 

tio fro,~11.5 percent to'nearly 20 pe rcent

4 
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.5~~~2)npeoenp)(SelTbl, Bank estimates that th1e population e!o 
'to9, (72~ lize untilitrches112 billion. The~differencs betwee 
resonin increase in.Latin America is fromn 8.4 percent wilii'otetaeenstabi'World 

thee proecios heuncertaintes, olongonil~~rae~In sheen? numbers, Chn and India dwarf all: other ths prjetonallstaeeh
fnations with theirpopultions ofj,1050 mrillion' and 785 ~' projections. n6'fact, the UJN.2,ia prpae five ~ 

:~ilion,m resp6iey The thid lags country' the Sovet pojections~based on differing sets of ,wrl p66at
7=77Unionwth-a pboulation of -280 -milhion.ISrabOUt. onie. -"'-assumptions-th'at-result-in estl'mates- of worlId" population 

qua ti sz~f'hnwieh nedh~lgst in 2100 iliat vary~froin'7.2 billionto'.-,14.9 billion j12)>Theh'
coutriis-t;Uie States"Indonesia,' and'B1rdzil-have Medium ,Variant rro'jection is. iuse thogot h'

combined totalf only 53 'Million (8).", chapter.o 
""i ' * '1~,.These projections are sensitive to variations in assuimed'' 

SRange: Projections fertility'rates. A 20 'year -dela" bey..hd 2035 in reahing,
the.replacement level fertility rate of 2.1'birthsperLong-range projections of world population sie and dis- womanresults in a proj e puion that. is 2,8 

''' tribution are based tbillionl!arger.'A' 20-yei adane i achliig'i thi eriiton assumptionsabouit fertility rates, ( b nle, A pyrjctd stabl pachiein thais 2,8iit
moirtality rates, and international 'migration patterns. As rate imlies 2.2 billion fewer people.-The differenice in 

S'such ;they are educated extrapolations of trenids and the eventual size 'of total~worid population-resultinfg from~thyaybeinorect, but .they aeueul.dc
icoretbu usfu~teyma b teyar idctors Of this 40-yea.r shift equals~the present world'population (13). '

' 

implications of current trends. Long-ran4ge. projections sthe. 

by the United Nations (UN) indicate that th world poIn Un
 

will more than double by thenn'ear 2100.; Ninety tlationFERTILITY DECISIONMlAKING 
by then the population of developing countries is esti- Fertility levels reflect complex social phenomena Ana
matedat 8,8 billion compared to 1.4 billion in developed lysesofhe' Wor6 vregions d9).e 'Stiluvy(4,asre oducted by the Interinational atistical Institute of'.'the 

V Africa's projected growth rate is the highest of all Netherlands ofover 30,000 married women'i.. .'oun-" 62
regions, increasing from, 555 million in 1985 to almnost 2.6 tries during 1974-82, and ,other, studies have focused 

~""billion in 2100, Latin America and the Caribbean are" attention on'the complex, individual and familly decision.
 
:expected to grow from 405 million in 1985 to 1.2 billion making processes and on the effects ofsoie~nmc
 
,infie2100pet-Asiaofteis projected to add the largest number 'of ii~i~ ~airi
nase wibein the Third World; political, aind cultural factors on~rpoutv
people, growing from 2.7 billion to 4.9 billion. Developed~ households 05). ~ ~ rpoutv eairi 
regions are expected td follow a 1ow-gtwth pattern; byom 
2100, they are expected to account for only 14.1 percent ofuSocio ecnmic and C ral ctr ' ,t F b : 
the' total population, compared to 24.4 percent today (10). Socioec~onomic and cultural factors that appear to affect 

"' ,'~, fertility most significantly include: , ' 

Stabiizatin 0.the inmportance of children as part of the family labor.
Stabiizaton~~'~'force,
 

The U.N. Medium Variant Projection, the U.N.'s best esti- N the costs of raising and educatingchildren,

Soieooi an Culura Fantormate of population trends, assurries that, wkorldwide, aver-,r the social status of women,' 


age fertility rates will drop to the replacement level of 2.1 U the educational :att~nmnt' and epomn atrs 
.
 

births per woman by 2035. Although the United Nations of -women,'and , mlyetpte

foresees, fertility rates remaiing, higher 'in"some develop- U urba'niz tion (16). 
 .- -' 

'in cunristhsewill be offst by the 'industrialized Although these. factors operate withec otheri con-
S'* 'plexcountries where fertility' rates are already generally' below wa 8 (arnd also, interact 'with each other), correlations
 
S two (i).''' '' '' , between them and average fertility ates in' various coun-


The U.N. Medium Variantc,projects'stabilization of the and~regions of the world are strong.' -

VA world populatioii-by 2100 at 10.2 billioni if the'replace- :"' The Total Fertility Rate' (T1FR) is the number 'bf. children"'
ment fertility level is reached by 2035. However, the whom an average woman bears -na lifetime. TFRs tend 

' '"tries 

SToble 2.2 'Population Growth, 1750-2100V " 

V')'1900 " .' 1950 A~~.31985 ~ '2000V I',
Region- '; Number PercmntONumber Percent Number Percent Nurnber Percent"'Number Percent,,,Number, PercentX 'Number, ecn 

h,-ADeveloping Regions " '''569 '749 1,070': 65,6, 1,681 6H,8 3,657, 756 4,837 '79'0' 6,799 '82,9' "8748 859 
'i 'Africa'l' 'f12 " T i 'i, 00 132 133 8.2 224 89 55 11-5 872 14214617 197 2,591 ' 25A 4 3 

.Asia(exudinoJaipan) : 455 '99 867 532 1,292. 51,4 2,697 558 3,419 558 4,403 53.7, 4,919 .483 
LatinAmericaa '14.. 1,,8 70 " 4,3k 165 66 45' :84 ~546 89 779 95 1,238"'212.2

i9'J' ' '24.4 171 14 i,1(eeoe Reins,' 1 1' 25.1 560 ""34 4 '" 835 33,2 1,8k ,1,284 21.0" 1,407k 1,437' 

EuoeeSnJaa,&en' 189- 4,'24 9 ,'478 ~'29,3 ' 669 ~.26'6'; 917 ' 19,0" 987 V16.1 f1,062" '12.9 1454 0.~' £4
0~Nri~mrc 2.'i0 82 5.0, 166 66, "264- "5,5'" 297 ._"4.9 345y' 42 362"~3.8~~ 

~. World3Total 24 'J~~'")760 K1iOoo 1,630 100.0 ''1000 "4,37 100.0 6,122 -100.0-, 8,206 100.0, 10,185-'~A2,516, 

tA i fe So e us nW I~surL05 19874'-'''& 3)424"' '"4-"4"'"4 '4yi 3"4.$"j'K K4k,"'"34 ' 

'b, Dcearia indcudasAustrai&a and N'ew Zealad-) '~'"'"
 
a~~ ~~ ~ Noh-'( h"'ACnaaa~
teUwdSae _ 

'Soure: ef a, V~d o Fi~c~a.,on A '"'I) a' e1 p1atfck TbmmW Popaioi oars~t~n" 4 
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tohgwheie cost Qvbarn a j~ng chik 
dreniare~lowandthe benefits high 46r exa )p 'where : 


.':hir ,epwtagr.cltura and d .... from 
age a cstomarilygloktateh ed par-

e Aiilabilit naos, ducation tends t 'alter these 
-i-TtnsliiEducatlon 'withdraws children reluctant to support tli lfor governmnti..... i......Urograssepn amly n-fom Ie 

''4~h' fr'V*'''-I>Qf-''V
hold productionanimpse direct costs- upon'p'arentsfo ning pl wasthat ; evelop
a ,uniforims and:makes it more likelythatchilren ment is the bestcontrcption:'i By1984, atthefimiico


rilWill live elsewhere: as adults, contributing less to' parents International' Popu~lation Conference, greater recogni
-City

j uhi~'l~'ih'" 'tion 

When women hae limitd access to paid employment 
and educationeand their primary task is unpaid family 
labor, thelTFR iseusually high, (See Tfable 2;3.)In such sit-
uations itoiienttsn tomarry young, theyoften marrye 

~ ~" men who are considerably older, and their social status is 
lower than men's. Improved education and health servicescontribute to a lower, fertility rate. Ar~ecent' study comn-, 
paring 79 Third Worldcounitries in 19704ad 1980showso 
strong correlations between falling :TFRs, and rising 
educational attainment, increased employment outside 
the family, and increased age at the timieaof mirirhiaSge.

(Se Tbl2..). * . 

Very high average TFRs-seven or more children.per
woman--correlate closely with high infant mortality~rates, 
Infant mortality' rates vary with living conditions, availa. 
bleeealthhservices, and, climate. In parts of the wori 

ithat otee eperince famine, thle high death rates that 
resultfrom famines are often quickly compensatedtfor. I. 
Bangl esh, for oexample, 1.5 million.the approximately
additional deaths caused by the 1974 famine were offsetj 
by,additional births in less than one year (i8). Such short-.7pulatioi onclSlmj' 
term responses change mortality and fertility patternso
but- not long-term patterns of population growth. -

Although "modernization" (in the form of health serv
ices, women's education, and abandonment of polygyny 
loe ferilt, then ar family) leads in~the long term too 
lrise tilotyen he short term it may cause a fertility. 
rhild. hoetho have been to -school know more aboutchidealh~ndhygiene, arnd they frequently abandon 
tra'ditioal child-spacing po'i W 
number of children a woman might have (i) This 
phenomenon appears to ,have happened in the countries 
with the highest TFR levels' shown in-Table 2,3. (For a' 
more'extensive discussion of socioeconiomic and cultural 
factors affecting-fertility, 'see World Resources 1986, Chap-
ter 2, "'Population," Focus On: Fertility, pp. 15-22.) "~' 

Political 'FaIctors 'and Government Policies 
Individual 'governments can affect, fertility rates through 

Sspecific 'policies for provision of family planininig-programs 
" 

Indone. 
Thailand 1970 

i" 'Total Fertility,Rate'in 79 ThirdWorld Counities j1980~~~ -- >. 

Numvber 
of 

Countries 

'35' 
10 ' 

- 25~ 

"'V "' ' 
- ,~Total, ,Women's Share 

Fertility 'of Paid
Rate' Employment 

9"''' 106-

61''.p'5

5.1 -6,0, '~' 1 24,5'

s5 "303 

Note,aDta an,~a(e f~onr cc~ncf.s inocb-TFR'a2czreg 
-~ Source: Acaptr(, ctfomCS Qa R 
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Kand health care and by their political positions onl desired 
family, size and populationgrowth rates.:Te attitudes of 
many, Thir World governments have' changed considera
bly since theerly1 970s.At, the 1974 World PopulatioiConeeneinjBchrThirArldgoIVyrnentswere 

~<India 9,. 1952Pakistan ~ 1960 

Bangladesh 1971. 


31OoitiPlicERy"d 170 
Mexico 1974' 

' 'Percent of ' - ' Women Working ' " Women's 
"fls'Unpaid Ilierac

famiiyWoricer Rate 
47'l~69"":K265,7><', 

176 
27.'t-1 ",'7'460O~' -' ~ 1, 22.6' 

4" '"' ' 

of theneed for, family~pianning and for rediictioi 'of> 
fertility raten was, apparentg20Where officil pspu iio 

oplanning p licies have been ingeffect forsome time,:'' 
gradual decreases in fertility rates can e "observed. Table' 
2. shdiw birth rate decreases' since the i troduction of82j
goenmetplce in nine developinig iontries.. 

Tbe2 ee 4 *f~~fi~~j 1 

Developing. Countries~snelt~dcin'f 
Government Poplaion, .nni..Plie 

*bars Govemment- Births'parll:C:O Births per, 1,000
t~~Adopted Official, -Population in'Year - Population,1 

e
 
42 9 ,28* 1982' '
 

tOfl thrugh7 198 (Poulation CounNw Yrk 98) T~bl 

"Wmen a,..
Elementary School-
Completon Rate 

17,31,, 

255 ~ 
53 

4247 
50 
40 
42 

~ ~ ~ ~ 

Women' a 

Secondary Schooi

Enrolment Rate 


244A" 
14,4-16 
265

~493 
'o~naiF ,1l i h hd l kcP 19 L Ooco (Popja CoiupcNe4 , A 65a 
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333 ( 982
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45 
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34
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REGIONAL PATTERNS OF FERTILITY 

Table 2.5 shows key population indicators byfregions o 
the world ranked by fertility rates. 'These indicators ar&' 
usfu iasing prges oarh lo-fetiliy low-.,, " 

growth patterns that are now the norm iEurope NorthAmerica, and the rest of the developed world. (For more 
see " u -: Decihing Fertilityin Westernn '' 

Europe and NorthAmerica:' below.) 
'' 

East Asia " 

East Asian'Ppulation statistics are dominatediby China. 
-The ,region-is cuirrently low,.TFR. is due primarily ~to the 

,stringent population' policies imposed by, China to reduce -"'( 
its; population growth rate. In 1960, China's TFR was 5.9
'2); now 
when there were massive changes inChind in the social
(' it is2.1 (22), This' drop in fertility took place,

'-and economic factors tliat' affect fertility. 'Chinas achieve- -'-

Tabe heReltinshpbetween Women's Access'to 'Paid Employment'and4 Education and the.3 
' 

1 
i:~~j 

,Woman a 
Aveuage "Age
'atMarriagi. 

203 

21.0 
2181 



Table 2.5 Regional DemographicIlndicators Southeastern Asia 

4... .z'. '' ;,; ! Population ropped arAnnual, '[ 
Population a. 

b1In a oTt 
"'.-, y' ti,9 1-I opulationRegion Rates 

No America 1 1 83 
EUropeiu f'30 n2 1.88 
Enst Asia 3 2,34
Oceania 4 , E 

55pincome,
CnbA,-5 .34 

sa 6 '411Latin Amercae 7 T 4 17
Southern Asia 8 4,72 
Western Asia 9 522 
Africa 10 G034 

S', World Average 3.52 
Noes:'....... . . .... 


(percent)"' 1985 
1 1 090 74.1

15 0q 71t6 
36 22i 2831 151l 71,0 

6 5 
73 :'.c5a263h'. F,1 70 1 

115 214 252? 
81 2,79 550 

112 2,92 29 7 
78 1.67 41.0 

...... ... .... .... ....... 

a.The number ofchildren an avurage woman woulo haie if curen aes xpeifiiftlivry 

iterns rai9umbormanedbabesconstaintwho dl;qii hor reprodciticbeflday in agivlno nh=rfore ther tre
numher ofbirths in that year. JUllp ned tby 1,01.ncludos offrct' of mgralo;n
 

d , The definlon od"urban' vainestdely Re unires
eh (artlretLiTFR 

I Does ciullrelate ]c
no'ticlude te USSRgram9 Data were derived by popularxrnwrqhilnq cCen~ 'qIe jr!" l tra Arvnria.

Temperae South America, aend Tropia foiA n grriC' raesSource: 0 N.Department offnlerriatonsi 17,oformc and Soci-alA1inrrc 
Prospecs,Cl acv 1,094, Ojnr'Ubiles and Pfc ivndn ,STESAS:,-,VI
NalionsNeveo1986),ne if 

ment i also tile result of strong overnment policies and 
political, pressures. Since 1982, one-child families have 
benefited. from larger* pensions,' free health care, and pri-
ority housing, education,' and eimployment.' The rate of 
natural population rincrease is lowr now than at any 

. 

time since 1949 (23). 
In the rest of East Asia, J.apan e hibits the low birth 

rate and low population growth rate pattern typical of 
developed nations. In the. Republic of Korea and in Hlong
Kong, relatively high incomes, high enrollment levels of 
women in school (more than 90 percent in primary
school), a predominantly urban population, and effective 
family planning programs contribute to relative]y lcw and 
declining fettility rates and population growth rates. *remains 

.adeclined 
Oceania 

Thedevloed atinsof ustala and New Zealand,Thheivlowe 'fetiliynts. As(blorplacm 'rte)
and t rateslowre plre rtislowopultinlrt In In 
region. Among the, many (often 'small) islands that make2'up the rest of Oceania, 'variation is'substantia, 


nangladesh

total 'fertility rates 'are' 'common, reaching '7in the Solo-

Is~ind'24..2 mn ' 'respectively.

The ' I' 'aatioratrowth rates, 1.(Caribean1981, 
fThe Caribbean has' experienced some success in~control-]g~it buttehigh6lin g fertility. Moderat rtsfttafeiltarfud'i 

Sthroughout the region, The highest rate"i 5.5' in Haiti,
which is the m~ost imoverished c~ounty ini the Carib-

'and 

bean. No other count~ry's ,total'fertility rate exceeds 4.2,"
and several nations are below replacement levels (25),. 

I ~ Emigration also moderates, population growth in the 
{.'region (26). Du'ring 'the 1960s, the TFR; was much higher

(~ rates were also higheras high~as,7), and infant rnibrtality
(27)...Increasinglv ilabl , family planning'services~ have 1 

beena k-yf factor in reduicing, TFRS.~ ' 

'1 ~~~ ~~~ ~'f'iI ~ ~ ~11 

. 

".'ticed 

1~ 

sistently over clhepast 20 years. hIlndonesia, the largest
country in tle onrahe 1 f waveeTFdwas 6
 
aertnn ty ratesndeffect faSo-theast1Aya n
r m19e5n o 
r o gulThailand show 

fo 6. an 6.1 to 4.4 and 34' respectively (28). 
: Taking into accounta l'plpulatinsthe large rntm and thelwpri~adcessi othese dTFR are c

siderable. The decline is due largely to a stronggoen
 
et com-itmenl oarise.
tI ent o en t rie levessmof woen's govertonai

lower' infant mrortality rates, and effect family planning 
(,29). The 'egalitarian relationship of nien and women in
 
many Southeast Asian societies would also seem to be an
 
important factor ( o, y
 

beshons'Loatin America bar dy 

ete rnternaesona2 

Foaeriliy rates vary sub tantially in Latin America' . F iethan three in Chile and Uruguay butorsi
 
in Bolivia and Honduras lhoFertility rates have been
 
consistently lower in the Southern Cone countries (Ar9 en-.'
 
tina, Chile, and Uruguay) than. in other patrts of Latin'P'
 
America for the past.30 years. They have been declining, 
however, in the rest of the region. During 1960-65, only . I 
one country had a TFR less than six,but by 1980-85, 
the average TFR had, fallen to just over 4.2, 

Economnic development and rising incomes have con
tributed to this decreased fertility, as have official popLa
tion policies-notably in Colombia 'and Mexico, where 
rates declined one third between 1970 and 1980. Rural 
fertility ates remain higher, than urban rates (32). 
Southern Asia
 
ra o '
 

In spite of low per capita income and high infant mortal
ity' rates, Southern Asi has made some progress in
 
lowering fertility rates. Although the current TFR of 4.7
 

substantially above' the world'average, the rate p 
hs more than 20 percent since the 1960s.The 
most notable declines were in'India and Sri Lanka. In 
1984, the. World Bank reported that: "No other contry
at India's level of socioeconomic'.develop ment-measured 

' 

by. low literacy and per capita 'incomrej and high infant 
mqs ortthaoer level o'fertility rm" (33)sin hha-~fSuhrru'il sa etlt ae emi~ih
 

and 'Pakistan, the region's second andthird

mbo.i populous countries, still have TFRs of 6.2 and 16.7, 

Limited access to family planning services is 
major constraint to their success,. In Bangladesh in

19(,ercent, of the women' of child-bearing age prac-
contraception, and only'5 piercent did in Pakistan. 

. 

By contrast, in India and Sri 'd ,'~re
 
55 p~rcent, respectively. Sterilization. is a&major fprrh
 

of cont~racepti'onin' this region,;particuilarly inIndia (34),2
Other socioecononmic factors contribute to the higher

rites of fertility, Int1986, the average infant mortality ate 
(outside India and Sri Lanka) was' over. 120 per 1,000'live 
births. Family structuies are~patriarchial or extended, in. 
much ,f'South Asia-and male'childrnia prefered. A 
young wife lives with'her hu6sbands fmiyanhsltle. 
control over her owni chili bearing (35).~2I~ '' I 

,i,,~I~ ~ ~ 
7 
47 "jr ~ ~"3' ~ ''ii~ Iarese, 1987~~~Vc! V 
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k" stern Asia ~ 1 	 wrnen~ inTunisa Mr956 and 197 the peicentage of 
I,,, , 	 married between.ages 1and:1 ped from 42 to 6.

"Thelarest country in Western Asia is.1tlurkey,iIll h l gyp t M and 	 family plannint, oocaitunisPia ae fficil alypangaccOUnts r.44 percent of the lc.. e.. plcs t ', I I r rt esMtfnan oroerego 
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dH l thanm osoie!elone 
eties, both themod time costs of raisingchil lize later, beginning to decline. in' about 2050,assuming a 
drei have .increased, Conielys the conomic ben o rojecid annual average of 500,000 legal immigrants4(52).
hIaving childre'n' have bee lart-v elmnae in the west-

Sinu ntns. C ild lalbor is generally illegal AingP.... .lahions.
 
-Jad-co h6 ^arisdtijioyafid, pbli and-private-pn-
Sion ystemreplcedhavreliance: on children fo'eco-frc- " ::' As birth' rates decline, poil tioiis ag~e-thatis, there 

,'~i~oicsec'{Iti ld4 ag 4PA rslteraSoii f r elatively fewer individuals in lowrgectoisan 
.v~epa e lanceon'chldr~ 	 are 'i" 

ere 

haviig*children' are almost, entirely L " ( more inhigherones.,ln Western Europe and North L': 
The~oi~t~iYo a hil ininUStrili n"ost rasin 	 America, about, 13 percent: ofthe population is r6

S-mm 1 	 the ove-64 age categoy "and,22percent is under, 15countrie ca'nimpose, a serious burden on parennts-Inc
ddition to the direct Costs of'food, clothing, shelter, etc. years~of age.This:,profile:contrasts 'sharply with the 

child to o f m eoto ec developingLworld,whe39percent of thepopulation 'isLy 
L.. i e ng -nowi7<.igowteamount of time available for. employment outside thl less than 15years oid, and only4 percent is over 64 (53).

hom'threbamiyrducng Arecntstuy The rlative aging~ of ilie~popiiiation isreinforced byncoe o~ 
e , tf ioncon u' r t s y of riinuiig in r es inonge itywhich tI ethe Costs"of raising a first child in the United States esti- coe S t 	 te n trialized 

,.~mated 	 ';'"a life time cost of $175,000 (48).* 	 countries are also exeriencing. ULe expectancy, is ; 
aWraching 75 years in, Western Europe and North' ,j

The Changing Role -ofWomen America. As a result, the_65-and-older goIu ishefastet; 
growingsegmentof p ometn i. tse n

~' As the costs of raising children'have grown and families WihteedryprpriW tryesg~-on p puato 
e become smaller, women are spending less of their i t disturbed hich ' an 

adl lives rearing children (See Tble 2,6.) In this cen- affectall instituts . . utrte iict,
tury, the change coincides wi h increased longevity and prress of the U.S. ,baby b lm cohort 'u&'~examining'ithe 

~, introduction of commercial prolducts and' labor-saving through tile 'population' structure is useful~ (54)., (See Figure 
devifespe n s dtat ok (49). As a 2.3.)"Thebaby bo'mic'ohort as defined'here includes ~~"' 

S 	 result, women are able to devote more time to paid <~.~only children born between 1950 and-1959
employment, and they have entered the labor force in ,By 1980,' this cohort f'people ws litwen2 n 9~ 

"growingLnumbers:~' " years old. (SeFgr .3.) There Are approximately 40 . 

Over 50 percent of U.S. wives are employed outside million in this ,age group19'percent Lf t 'he ,po'pulation.
* thir hmes, aiid the proportion continue to rise. In In,1960, there were only '22 mi lion' ple~iti~g~

191 empfacolo ye wives in the European bracket, or. 12 p'ercent-of, the polto.Ve thi 
>' 

,'. Community~had ' eached 36 percen[ (50). The breadwin- grouJ) eaches' the'peak y'ears 6f 'einpllymeit' their nAum
ner~model of society w*ith the mharried couple as a socie- bers are. likely- o increase job' competition::ajd thus"''" 

'tal niIi internally divided into a' 'cash earner and a pro- prbmotion prcispe~cis 2 " '2'decrease 

vdrodomestic services-has been~ eroded. As ' both' Europe and.North Americ in thie, at3 
employment opportunities for: women iIicreased and their yeIrs, the dirp'7- burden of "'por fo the eldel hassalaries, improved, the opportunity costs. of stying at,~ largely'Shifted fro~m their.own childn othe govern--home to look after Lchildren rose, dranmaticaly, reinforcing' ment. Social '6nd'geoglraphic m~obility has separated par-

' 

thatspeedandesimlidevicetoward having fewer children (51).worthe trend 	 oesiti ' ' > ents~aid childe so tapreStndto rely~on thelm-. L)ffy e me 
'selves2"' ~ st (I, 2 	 and on the~government in tlieirold :age.. lri ,the" . 

Tbe2.6 Nears Spn ReainoChlden's, their, per. capita.'incomes' have risen a most t 4 ;*i 

C' pn those of youn~g workers in society. Abouit 94 percent.:Comard to Year refTeornpaireeiv e o Ter 	 some4 kind' of, 'social Isecurity .'(5L6). ~ ~ 
R~rlUitd," uniew The elderly are not ete4 great'burden on society,~L 

' 

' 

'~~*',"~4', 19 58 1880ae fa5O 'all rltoaglihd, Children are 4' 

Years from; Birtof First Chilc to 4 ~ ecostly th ,in'th~ Lederly"'on a''perL 'apif'ta''more2 ~ L~' 	 basis. As~a'
2Age 18 of Last Child '~ , 368 27.9~' ''24.9 resut hikn rnu-mlrs f, fu'e~cet'n iYe~ars From Age'18 of, Last, ' . 4jl,~'rik"~~ 	 outuzupe n ndri'' $ 	 ''NoneChild to' Death of Mother.4~ v 21,30,~' 34.1 ;ing numbers'of aged dependents2'are aighter, 'a 

Soiurci: Kingsley Davi and P. den Policy InAdane heaviell, burde (5) epenencyd,~rates are actu-.van~ oer 'AgRelaions and PuLbic 	 urther,,JILI
,4 Ir ustriaSoiotie%" Pbilation an ~t~rn n ReveW, Vol.?Z 	 y wi e a dN(a,rI98l, P 'ia-iama 

~'y"~~ ~~-"-~'~ ''' ~ '-v,' ~mothers ihave joined the work forceand are no longer ~ 
The 	Consequencs~ dpendent (8.~of ""4""" 	 ,~'-A]'A~Th Cnsqeneso Dcining Fertility L The real%problem lies in the more distant future.In the 4 

iAlthough fertility, rates in the United, States: and, Western 4United Statie; the baby boorn generation willbegin
trpe hae fale f'Iv'~lcmnlevel their pdi;~ aching'.age 5,after 42010,, By230thr vl 4btn'

'. . 

latonswil inrease in absolute' termns 'for a few. iore 59, millioni elderly (56)§T ead nSiil'~estimated 

4 decades. Europes4point 'of4zero population growth is f ' ~r' -t pubicly funded retirement systemp in~ the 4 

,already opn the horizon. Western Europe's baby. boomn was United Stiltes-will'(increase considerably In 19~69, the ; 

sorter lived than ithUnted States, and Europe's elderly r''qiuired i ercentof-he4 ;U.S. federal budget.'% 
4, _~iing rat ion, le vcI islow'er4The U.S. popuiitio'w"~ill stabi- This share could ieac ia~peak of 40,.percent by 05(,) 
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U.S.60 u at ' Ag 190 ' 2050aAge 

AgAg Age " I 

Male ' 7~4 eml ae 'l1 ? mI 'lll ~V~4: emafa 
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044
 

;t539J,3 -1 
X 10_ 34 

to 
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1 
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'oIIJ 

2020 Age; 2030 'Agel; 2040 '~~Age<'T~ 
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60. C44 
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111, 4 4 ~ 1~''1 5 
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UDepression Cohort Persons Born r1930-39 UBaby Boom Cohort Persorns Born 1950-59 0Baby Bust Cohort Persons Born 1970, -79 

Notes 
a. 190-2050 projections assume atotal lertitlrate rising to 20 tArthsper woman~ by1985 and constant thereafter; life expectancy atbrth rising to 72.8years formales aid 82,9 dears for females ;by, 2050; and net 81lmigration constant at75000 persons per year ''
 

t,ncludes surviyors of Depression cohort, ~ '
 Source: Leon F Bouvier, 'America's Baby.Boorn Generat'onm'The Fateful BIulgePiular~onBulletin. Vot35, 14 1(19F30),pp 18-19 

2iUnder,the present system, it is unlikely that the'high 220h Century, thejumajoritycame from Europe. Byth
brenr f it. levels ,enjoyed by today's elderly will b~e available 1970s,~ only 1"eicent, f legal imigrants werle Euro-s 

' tot:he'lderly of the' futu're. ~' , .. ''~' 

' 

pean, 42 percent were Liatin.American and 39 percent
0,were Asian, The number of iega .immigrants ranges


Immigration in the Context of Stabilizing Populations from 10O,000, to 50,0 pe4'er h v ~,M jrt
 
Inthe late 1950s and until the early '1970s, while thecoefrm 65.

bayboom generationi wasbeg reared, labor shortages m irtoin insf '>4 

I 

in many. Western Euro6pean countries were met by ? 1I 1'1" 

encouraging the1 immigration of foreign workers. The With the baby~boom 'genierationeentering the work force, 
J 

' general recessioni'6f,1973 stopped the immigration of labor supply in Europe and the Ulnited.States has 

new male' workers abruptly, but famnl miembers -con-

'the 

1 been reatively abundant.' Under such conditions, high 
I,
 

I 

'tinued to arrive during the 1970s.- Formost European "immigrationmllevels cause considerable controversy kHistori 
* countries, imidgrants came from Eastern and Southern cally, immigration rhas beem ecr 

>' 

Europe; in additioni North Africans came to Fran ce and beginni ig of the' 20t e w Uitie-t ihe"u3 boiI~r pose'mebei ofhe, Comno, w'alth ca m to the United, ya>~l0h etr'~~iteoV 

Kngdom (6l).; 


memer n wsrltivelyimunderpopulated, immigiant.labor was 9 vak ; 
Uer~a' ''(6 Althou gh rcontinruing high lev Iels 'of immigration, " Both1 naturlncreasU'and ciontributed to have rbeen'(uestiorned 'given the ldgh levels'of unemploy-"LimIigrLEUL 1 

~ from i75 million .in 1ment, ' rwh7 eU..pplto 1 1900 (62) atrbin unemployment 'mil ohg eesoto 241 "mifobn< in119861(63) Irmmigration has been conisis iniimirtioi, while ig'horing the ~padc ofn 'atoleco- 1-B rateU.., 

1
 

11 ty ih 200-i cnnusto 1~ 

' 

noniic~pi9oicies is inacciurate. -?1 1lI >9; 

biebeloV'rplacmnt lev~el; imiiiijration w cilltaccountlfotle evidence to support thevvieiithat miI 
A:l the, U.S."po-puiatibi growth (64),, "'"" e1Jo s'' of
 

There has been ia dramatic' shift9 ini"the 1origin of iindigenous poplation-such s mnities, yo u thIS,
"'the 

I , nts to t~he Uniiitedf States'. Inithe first half of the women, and the unkle-d k ae low.*Immigrants' 

'Ir 

'I 'W" 



contribute to economic growth'Bn many ways-(67). _The I 
Eioeortmarcy at Birth of4 More Than 60 Years b 

~ rae'&did 'for. goods 	 Soth Easter-tenn ere and creases Life xpictancy' Easter W i 
tH e a ~i6~t'~ra~us~6s 8 A~e6 t f he~At Birtho Africa Americas~ Asia Europe~ranean PaCific Total . Below k . 5 . -' 0 -,10 4 :'., 63 

~ mmgr- 60 Years and 5 33 
ion And: RefugePoifry conchlded that "imnmigration has More 5 29 5 3 12~ 12 'S96 

b~een an *otiust be a force forecoriomic growth in N notain 1 , 2 ' 

60 Years 338' 6 ' ,+ ; 

moelntmiso onmgra >I, 34 	 ''Repr~rth-Ue ~~'' reuetl hghrTotal 44 11 35i 22 20 166 
thnNote: a The avc'ege rrber of years lived given ag-spocific modality rates attile year ofBirth rates' of immigrants are fqn highhthan Noternformgtion 1 0 0 0 4

thos oftheghos whe imigrats rom Word~ rgaizalion (WHO), Evaluation of the Stategjy (or Heath for A/by' the ~contr th re Source Helare 	 edths fthY, ....... w the ii from 0Year2000v Repo ion the W Heat Stuation (WHO, Geneva, 198, Te17,
 
.. less developed nations (70). The impact of immigrant fer- p.62.
 

ity rates is likely t,OLbe. more significant than total
 
im i fi in determinIng the future size of the 
 omic growth, almost all of them in Asia and Latin 
U.S.t fomla hIgh(1 However, even when populations emi- Ae c a 	 S ' > -, > 

fertility countries their birth rates tend The third group of countries has lo f ett at 
figure thigh averagelife expectancytgoa c	 usu They have relatively littlcon'trofllingforiicome-level diffrne (72.-iesbua high incidence of cir

....o t.e host ptho sanbinfectiousthe or, parasitici 
ss ti Iou......culato.ryj.disea cadnces.id...tal disorders. The. level 

ea "n probemsassoteof Associated with lifet ioAth 	 health'roblems 
THE STATE OF HEAts is high'. Most of theindstrialized countries and A few that 
The World Health rgaization (WHO), in its rhost recentthi 
'Report onl the; World Health Situation, divides nations' ,-. ' . 

into. threel major groupseach with a different pattern of TRENDS IN MORTALITY I 
~ halt ad ilnss'ga., ~''~-	 In~developing countries in particular, the1'mechanisms for~Se~Tale;7. 

Thefirt goup?~ f, ortliy relatively inlefficien~t, so&thatV'~collecting&6btris hs hgh'levls 	 vital statistics, are 
17accompanied by high rates' 6of infectious and, parasitic dis_ K official mortality figures are likely Ito unhdeestimaite 1the2'. 

eases and, malnutrition,~resulting in high infant, mortality tiestainLfexpcnyan inan'6li'at 
i; rates and low life expectancy at.birtli. This grouj includes tru siuto.Lf xetny-d t otlt ae 

thepodt'~~'~ -n te worl, ostf tem n are the. m'ost sensitive, indicators avalablihoever, and;
AfiaadAil.-the'refore 	 are widely u'sed ,to illustrategoa ~fpp~p< -Ks:'' 'inAfri~dA~a~ 	 health st'atus. WHO -recently' adopted as minimum 

Thnereit gopcosssoftoe onreshat objectives-lor. th year 2000, a life expe~ctan 'cy at.undergoing rapid 'demographic change accompanied~by birth 'of. 60 "years and an.,infant mortality rate of fewer 
new patterns',o'f,,health and~ illness.' Fertility is beginning than S0 deaths per thouisan~d births,4(74.

~ to! decline nd, life xectancy to6 increase Although Telatdvopdcurishete' h'rts~vr 
-'" -infectious'and 'prsii dieae ahesleasl major~caauseshrtstavr dehepe

9fdeath" the "chronic dieaes- o'f an thegopuaioncand age life expectancy In Africa, the a'verage, isstill below 
' 	 , (,~9I 	 aingjp~puatio and 50' years in,most. countries; it is' Above' 60 in only five, .

the, socialkeniror talhealth pr'oblemhs 'associated with (,See Table 2.8adChpe16"Pl atcnndHlh: 
5 	 urbanization' ani industrialization are evident. In'this,- n rd h'pe 16 "puainndHlt: 

group are developing countries that hav.e taken-'off into Lai -7TableIJ.. man conreshvAnrange
- -	 - A.,~-, g ~ 	 moved: into the 6075ea l11neadthe induistrial

44'44-4 contie now have a life expectancy exceeding,70.Table 2.7 	 A+ Health and Related Socioeconomic Overall,4 96,countries :representing 62 percent of the 

Indicatorsm' 	 world population have now achieved a'life 'expectancy of"4', 	 ' 

,, 60 	years- or more:imainly b'y reducing childhood deaths. * i 	 ,~ >Least' U ' Other 'i + a '+' '- + '-"countriesoping ' Oe-ii 
-'-'"- CountriesK"Countries i;-4 Countries: ng 4 percen't of thed 
4'" 	 -4-4 i t eloped Dev Ce n aanfo,,ailable for svencountries represent 

wrld population (75)'
iNumber of coun~tres 51 29 ' '4,- 74- Ina t ality rtei MRs) 'showj-br~dysmlpa
)oa Infanta .0,11mopoorirat wouain(ilos 

S 	 '~90 

tn iith great varialtion' beiwen rich and por coun-'A 
(Per" 1,O,- ~birt1s0S'9419 	 ' tries!' In thq~pA§st' decdethe IMR has'decreasdin nearlyLife exectanqy:(years ) 44-45 60 u,- 72 ' '" '-'"4''' "'' " '' " " 

4Percentap'e9f newbrns4- ,I'i ~~,45 ''120 countriesbu inilzlte tl remaii; (see ,Ta'b1i'6'PoIaiiadKli7Tb e ,2.9 1 
-ibirth might" of 5C --	 '-.- and Chapter' 16,"ouain n al 16.3.) The,~>,gramns or., more-y- 4' -'~> l"70% i' 830h ' A~3%9- 4-~.k " 

Covra saev rspl 31% 41% 10,' rates in most African ad Asia countries are still inr~ 
-l'lteprcyalea~' ~,.~ 280% - r' > 98. , ~excsof5pe1,0 i6.rt, and the rates'in moreGN-'4e "17' ~T"5~ S520~'.'6,2KO, 	 -eit~Pe ' expenditure'than $1bli 	 one quall~ 29 percent'4ocpita A 	 ~e~or~ea 444 44 ~ ' ''- ~ ,-'."... '.5', ~6~all coiintieis (representing

.cjbiFexendii'e $1eat. S6 '?44 'dof -the world population) are higher, than 10o'pe4 ' Ih1'	 1,000
aspcnt'otGNP %~ 2qb,"-1 3.9%,1 - live births. In develpe countries,.oith& other~hand,

\4,4r 	 es: 
based tor:,qa.6thbiesNMe:Thwiies'-at era 661dai~I60 tavaiiae ytear rates''are as low as 12 per' 1,000 in the, United Stattes and 

:_surc:eath Wdd Strateg' ior Hea~thorAllby the Ynbea100rgaizaio 
',-1,Ge -? 19sve p r1,00i Sweden, 

-- Z
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UTab 16' 2.9 infant Mortaility per 1,000 Live PFACTORS AFFECTING HEALTH >
 
S~Brts,,byWH0 Regions 
 '''~" 

~, <~Ynbmbeofcowi Problems8 of the Developed World" iZTea)Health 
'South Eastern-

'" 

AfricaAmeriaAsla Europe aranyecnn .ate.P¢flc'rTotal. In developed countries, the;main causes of death arde!dis
 
Below 50 2 24 27 12 of theci'rculatory system (ischei heart diseases
4 76 al75.-99 9 7 3 3 '8 3 3 71~ 6rboaclrdisease, ini paticilarjThey account100, and More 32 ,3 ~'4 2 7 1 49 'id~aervsua

Information eNo 1 r 0 fout0 ) 3 0 4 8 for one juarter of deaths worldwide, but, in the 
7 tl 44 34 1135' 22" 20' 166 industrialized cuntries, abou half of all deaths and con-

Note: a. Infant monaty ra isthe annual number ofdeaths of infants under onarof age siderable disability are causedby'cardiovascular diseasesoseve
!Source: World Health Organization (H)Evlainoth rreyfrHealth>Ato(All by the alne Alh u hsmlon es-including Australia, Fin- .
 

Year 2000' Seventh Report on the Word Health Suaon (WHO 18 2 ,eneva
p.6596)Ta land, Japan and the StaUnitednfesiaidve recentlyshown 
' ~aadecline in heart disease, rates in nmost.'otlier countries 

are stable or are even increasing. Many factors have been 
A h international differences in mortality rates are implicated in the high incidence of heart disease in 

very important,' so too are intracountry variations. In 'indstrialized 'countries. Diet, smoking, and lack of exer
most 'countries, womenn have a longer life expectancy 'cise are recognized as' risk factors, but it is 'clear that,
 
than men.' In many" deeloped countries, the gap is now stress also plays a significant part. Heart problems are
 
as wide as six or seven years, a fact that can be not restricted to coronary-prone executives and, in fact,

explained primarily by. the' less hazardous life styles of to be more common among the lowest socioeco'~"tend 

miost women (76). The pattern is reversed, however, in a ' nomic groups (8i) (82).'. a
 
few countries, including Pakistan and Bangladesh. It can Cancer is thesecond most common cause of death in

be traced to the low status, of women and to discrimin'a- induistrialized countries, 'ac'counting for around 20 percent
 
tory practices that affect their health, often resulting in of all deaths. Stomach,. intestinal tract, and lung cancers 
high rates of mortality 'during their child-bearing years the most 'among men, and breast ci' ouer"are common is' 
(77). In developed countries, maternal mortality rates are most common for women in industrialized countries.
 
now w-currently about '10 per 100,000 births inthe Both stonmach and lung cancers have been linked with
 
United States-but, in'most Third World countries, mater- environmental and' ocupational pollution, but cigarette

nal mortality is still the largest single cause of death smoking is th'single most important cause of lung can
am~ong womrn in their' reproductive years. In parts of cer. (83). Men began smoking long before wom'en, a fact
 
Asia, one woman dies for every 100 births. Although' that is reflected in their high rates of mortality from lung

statistics on maternal deaths are particularly difficult to cancer, Women, who did not begin smokingin significant

obtain, the 'WorldHealth Organization estimates that nui.mbers until after World 'War 1 began to. show a rapid

'worldwide some 500,000 women die from pregnancy- ' rise indeaths from lung cancer 30, years later. In some

~related, causes each year ,and, most of the deaths are countries~lung cancers are overtaking breast cnera
 
prevent'able' (78), ~' ,' the most czommon cause of det from cancer Asot
 

Mortality rates among diffeent socioeconomic groupsl,0 50 'percent of all breast'"".r.. th ocacr () oth
 
within cou.tries varym.arkedl .a America and E clngethes inNoth '
point that is especially e uSr 'a 

imotn o elhplanners. Thecasdfrnesre ol18percent' of the world's population. There are no
often 'substantial, even in 'developed countries. For' exam- obvious reasons for this, but having the 'first pregnancy at

ple, in the United Kingdom, ainale'child of an unskilled a late a.ge and diets high in"fat have been impl',cated (85). 

or semiskilled 'laborer has a 'life "expectanc~y 'about seveni 'Cer'vical cance, "on the other hand, isrelatively 

,,
 

uncommon 
years les's than a' male child 'of wealthy parents (79). ~in the~developed 'world' and is declining where effective~
 
Differenc~es betwen rich anid poor are even 'greater in screening policies; have been imiplemented. Eleven of 26
 
the Third World, although there are few data available to European countries reported a decline in deaths from this
 
quantify the inequalities. One study of child mortality of women under the age, of 65 (86).
"cancer 

rates in Costa'Rica showed a fivefold difference between. In,addition to these life-threatening, often fatal, and
 
higher and lower' social' groups in the likelihood of sur> physically disabling conditions, the populations of industri
viving to two, years'of.'age (80). (See Table 2.10.) countries als6"suffer m'ental and neurological dis-"
"'alized 

'~' ~,order's They'are particularly'difficult to measiire~but 
Table2.10Probbiliy ofDyin beteen irth WHO has estimated that severe mental disorders affect " 

andTwo~Yersf Aeby ~cz1 cass ,about 2 percent~ of4 most. populations, and an additional
and TwiYa rso Ae b6y6S 'cilCas Costa 3-8 percent are disabled by less serious problemhs such 

Socal~ las I~uberof eats '" as neurotic aiid'psychosomatic disorders,4alcofhol, or drug 9soil ubro etsper,000Births dpe6ndency (87 problems wo IulIIbe 

FihadMideBureie2 considerably higher'iif !hidden distress, which is not'/£

PMdolfassM goI/£"L trea d clinicall rvetaen 'no accountL88L< 

4
 

~~~~ 'teae~ -into8 ~n~ 'w tak' ' . many'Agricultural Workrs''/'9>u 99' ~T6'" devloped coiuntri~s isuicide 'fs amrong the'top ten causes "4 

'~~8~'""" ""'~ f dath nd ostEui'e iountries report 'a.'(6ady' ' 

source: WBeIm, Socdoeciom~c 0eferminaritsof M1o'raltyIn Latin AmeriennProceed ns4?"incrae Azheimer's Dis'ease, which leads to senileothe int~ Sorioeconomi* Determinnantsand the Coneaqulnce ofMortabty (United"' ,"' 9' i'e n& i'"' ' '4(al~OrgaivzationMxc 4 1979,),a Hor'1h City p1ID60eni r eog fir singly a me i l rb 
91jR n , 9 ',gn i~'u 
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lem. It affects all estimated 10-20 percent of people over 126 million to 145 million because of population growth 
age 70 in industrialized countries. (93). Thus, despite advances in agriculture, there are 

nearly 20 million more malnourished children now ti an 
Health of the Developing World there were ten years ago. 

Undernourishment can 6e a primary cause of death, 
More than 11 milion chi!dren under the age of five die especially among the very young, but more often it 
every year in the Third World (89). Malnutrition and infec- produces chronic ill health and debility. It also lowers 
tious diseases are responsible for 50-90 percent of these resistance to infectious diseases and considerably 
infant and child deaths gi9. Although the two sometimes increases their severity. A recent study of IaUn American 
strike independently of each other, more often they act countries found that nutritional deficiencies were 
together, intensifying the effects of each. Both will need associated with more than 60 percent of deaths from 
to be treated if the poor countries o, the world are to measles and diarrheal disease. (See Table 2.11.) 
achieve a health status anywhere nearly aq)proaching that lack of adequate nourishment for mothers is one of 
of industrialized countries (,11). the major causes of low hirth weight in babies (9). In 

Estimates of worldwide malnutriiion vary according to 1985, some 20 million of the 129 million children born 
how il is defined and measured. WHO estimates that at weighed less than the 2.5 kilos thotight necessary for 
least 430 million-nearly 10 percent of the world optimum health, and 19 million of them were in develop
population.-are currently affected. An estimated 100 mil- ing countries. This figure representcd about 17 percent oi 
lion children under tile age of five suffer from protein ah infants born in those countries, whereas tile compara
energy malm..rition, over 10 percent from a severe form ble figure for deeloped countries is only 4-8 percent.
that is usually fatal if not treated, and 39 percent from Little improvement has been reported in the Third World 
chronic malnutrition (92). The proportion of underweight over ihe past five years 15). Weight at birth is the single 
children in Third World countries appears to have most iml)ortant decrninant of future well-being; babies 
remained at around 42 percent in tile 1963-73 and weighing less than 2.5 kilos at birth are three times more 
1973-78, although the numbers involved have risen from likely to die in infaticy. 

Box 2.2 The AIDS Epidemic Spreads 

Since it was first identified in 1981, AIDS-- develop AIDS within 5 to 10 years of becom- of AIDS, but a safe and effective long-term

Acquired Immune Deficiency Syndrome- ing infected (8).This long, often unrecognized treatment isalso not likely be available for at
 
has spread rapidly throughout the world. In period of asymptomatic intection, during least five years 02).

December 1986, 110 countries reported a which an infected person can infect others,

total of 36,539 cases to the World Health complicates control of the spread of the virus References and Notes
 
Organization (WHO) i), more than doub!e (9).Because of the delay between HIV infec- 1. World Health Organization (WHO), "WHO
 
the number of cases reported by 71coun- tion and the appearance of AIDS, most of the AIDS Programme: Recent Development-'"

tries a year earlier (2).Health officials feel persons who will develop AIDS between now Note to the Press (WHO, Geneva, Decem
the disease is seriously underreported in and 1991 already are infected go. ber 9, 1986).
 
many countries-especially in Latin AIDS destroys tht body's defenses against 2. World Health Organization (WHO), "WHO
 
America--which would make the total num- disease, making the infected person suscepti- Activities for the Prevention and Control
 
ber of cases much greater (3).Accounting ble to so-called "opportunistic infections" that of Acquired Imunodeficiency Syndrome
 
;or unreliable reporting, up to 10 million rarely cause illness in those with normal (AIDS):' Report by the Director General
 
people worldwide may be infected with HIV immune systems. Throughout the world, HIV (WHO, Geneva, November 25, 1985), p. 1.
 
(human immuiodeficiency virus) (4).which spreads primarily through sexual contact (both 3. Op cit. I.
 
causes AIDS in many ot those it infects, homosexual and heterosexual), and also 4. Institute of Medicine, Confronting AIDS:
 

Recognized a few years ago as a serious through intravenous drug use, through trans- Directions for Public Health, Health Care, 
problem in homosexual communities in devel- fusions of blood and blood products, and from and Research (National Academy Press,
oped countries, AIDS is now considered an aii infected mother to her infant in the womb Washington, D.C., 1986), pp. 28-29. 
epidemic in bolh developed and developing or at birth. There is no evidence that casual 5. Fakhry Assaad, M.D., et al., 'AIDS-An 
nations. In Aica the HIV infection occurs contact or insect vectors spread the virus. International Perspective:' WHO Features, 
equally among men and women and is Prevention is the only known way to stop No. 103, World Health Organization
spread hy heterosexual intercourse. In central the spread of AIDS, although research on a (WHO), Geneva, November 1986, p. 1. 
Africa, the area that seems to be the most cure continues tiroughout the world The 6. Jon Tinker, AIDS and the Third World,
seriously affected, the annual incidence of World Health Organization (WHO) has spon- Panos Dossier No. I (Panos Institute, I.on-
AIDS may be 550 to 1,000 cases per million sored two international conferences on AIDS don, 1986), p 20. 
adults (s).In some central African cities shock- and has initiated a global program to control 7. Ibid. 
ingly high percentages of certain populations the disease. The WHO program will coor- 8. Op cit. 4, p 7. 
are infected: 18 percent of the blood donors dinate the exchange of information; prepare 9. Opt cit. 4, p 7. 
in Kigali carried the HIV virus, 33 percent of and distribute guidelines for diagnosis, preven- 10. Op cit. 4, p.8. 
the men aged 30-35 in Lusaka, and 88 per- tion, and control; provide advice on safe 11. Op. cit. 5, p 3. WHO adopted its strategy 
cent of the female prostitutes in Nairobi ((;).At blood and blood products; coordinate at the 39th World Health Assembly in
 
least I million people, mostly in central research; and cooperate with member states' May 1986.
 
Africa, are expected to die within the next national programs to control HIV (ii. 12. Op cit. 4, p 8.The IOM notes, howevei,

decade of AIDS (,). As yet there is no satisfactory treatment for that the drug, kpnwn as AZ' (azidothymi-


Not all those with HIV develop AIDS, but IiV infection, and a va'cine probably will not dine), isonly used for AIDS patients with 
studies in the United States suggest that at be developed for at least five years. One drug a specific oppertuni-tc disease, Pneu
least 25 to 50 percent of those infected will has recently shown benefit:, in the treatment ,nocystis carin tneumona. 
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Table 2.11. Nutritional Deficiency as Associated that occurjin the absence 'of potable water, and "''eases 

Cause.af Deathof Children under Five' Years adequate sanit/6on. Diarrheal d ieain particular is 
binderlying-Cile 6? maj13o probliln developin co I rie often 

Lat r Hen ciand Pxoii a tng- iMei 	 i 1980"-w ti.' erdevlo problems-of nriti6& ln an, 
mated ears of ag estifroa becnillion children uridecreUdeilyang Caus ofeDea Asaociatad Cause (percent) 	 mn i f' a died 7i'is<can:nicrdreasa eabut 	 teneverylminute, oevery 'day.

Alr, I 	 aan ifecent study of young children in Banglaeshivillages"nfeive ofs Ag 	 Mor litChoe (Pn4A eril11f arnd Parasitic Diseasesreeldtaeahcidsfrdonvrge68psds
t>Diarrhea i s e .... ... ... .. . . .. 61.... st"Measles 62 of diarrhea per 'yaiutting a total of 55days, or 15 per~ Other~.-..- 59
 
Diseasesl Resdiratory System 32 cent0of the year (98). Oftenrthehazardsof diarrhea are'.
 

Oiter' exiud ne! dusha 	 33 compounded by infetation with arasite chrsas hookwononals eran 
car Health Organization, Washinton, . C. reproduced inD Saunders. The threaten life and health in the Third World. Although it 

Soue:a Exclui .. P. M.	 Cholera is another water-related disease that continues to 
Medicine and the 	 (Macmillan Pubishing egmeorHe: nnderdevelopment ii lendem 

autnnin 	 many countries,, particularly in Africa. (See. Chapter 16,
*"Population arid' Health:' Table 16.4.) . 

Specific dietary deficiencies can also lead to a range of . Some of the most .commontropical"disases are also 
chronic diseases. Nutritional anemia affects both sexes water related. About 200million:people are said to be
and all age groups' but is especially prevalent among infected with schistosomiasis (also known as bilharzia),
women:' In developing countries, it affects an estimated This- chronic and debilitating disease is acquired through'
two thirds of the women who are pregnant and about 'iinfestation by 'a parasite living in snails that inhabit the 
half those who are not. It causes fatigue . nd lowers resis- canals, lakes, and slow-moving rivrs 'where people bathe,inC~dd(aneSu: Rtheuffertandarlo .Sra astmseof overtyty Amet:rnm~~~l;alwn;af~i~~a~':'tance -to disease, contributing significantl'W 	 'fto maternal wash clothes, fish and perform other daily tasks. In many,
morbidity and mortality.96). "areas, incidence of the disease increased after irrigation

Yrk p.e 
'Morec:, fle N12 thanew500,00019&5), 22,children are ' i nced by xeropthal-dbcthhats~aewoe lesopuaon in•reen wers, it isstlendemiccanals andhypdroelectric projects. were constructed with-'

ia each year'b'ecause their 'diet lacks Vitamin A,When 'out~ attention to their ecological implications. New drugs

young children are malnourished and contract an infectious being developed 'to control schistosomiasis iesm
 
disease' such as' nmeasle, their Vitamin A requirements of 'the disease
'e'nhope 

increase greatly If these needs are not met, xerophthalmia 'Onchoerchiasis and malaria are transmitted by insects i
all too often results (97). It is the single most common that live in water at some stage~in their life 'ycles. 'In the' 
cause, of blindness 'in d&vlpn onreadi ofe 190, about. 100,000 people. inWest Africa were'blinded "

, 

strikes th mooiist' needy children in refugee campstotnadby the toa poplaionatrisk was 'aboutonrean 17s 'nhcrciss 

feedin~g cnes125million. 	 Recent. control projects have interrupted the 
' 

''adocoecissand parasitic diseases of poverty ar,. best transmission' cycle,. allowing many new areas to be opened2The c~tr: 	 oa ouaininfectious
classified 'acicordin'g to~the ways that they' 'are spread, ena- for development. 'Malaria, is'a major public health prob
blingIpossible preventive strategies to'be planned. '(See lem. in mainyidevel'oping. countri's-'over 50, percent of

Table 2.12.) The most common are the water-.related dis- the wvorld population' lives ini areas where it is endemic.
 

Ta ble 2.12 Classification of Most Disease in Developing Countries 

Malnutrition and ' 'Viral 	 Influenza Waterborne or''' ' " Cholera '
 Associated Vitamin water-washed. Typhoid'
'Pneumonia 
4 Deticiencies 	 Measles ., 'Diarrh--eas, dysenteries, amoebiasis, 

I ~ Chicken-pox ~,intectiouls hepatitis, paliomyetits, 
' intestinal warns ' 

BacteraiWhopingcoughWater-washed: ' -

Batraho~gcuhSkin and eye Trachoma'"'
Dipiheria infection Skin Intection' 
Meg~ingilis ' 	 '' 'Leprosy ' 

-I rcuosls.Skin 	 infestation '''Scabies 

- - " ' Louseborne typhus ' 

I ,, Water-based; .7' ' '~'Penetrating ski Schislosomiasis (bilharzia)' 

'~~ ~' 	 Ingeted,. - Guiinea worm ' 

Water-related 
II insect vectors! 

Biting near water Sleeping sickness ~ ~ 
fI'I~ ,I'lBreeding inwater Malaria I

,1 ).~:~ 
1 '~if -;r ' 	 Yellow fever 

Onchocerciasis (river blindness) ,' 

~,Water-based - Disease whs prevalence wii faliwhen increae quantitis of witer are used for drink~ing water should be clean but need notand hygienic purpose: (thle 	 be ptre) ~ Water taae,,o2 p 	 ~ ~ Vrdleo~s 8. 15''; 	 'S-rsi,'"T-+ . Disease in which D endsi part+of + +its lifecycle in.an intermediate aquatic host orhosts. 

Sfdd ? :li .... . +.. .................',' + ++ ' 	 (M ac ... . L n o n B+..................................n l 1 ) .
+ +++' +, ++ + + ...... ............................................. ....".llan-; + ........... ........
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Mliais transmitted throu ;h the biteof infected mosquitoes 2b Selected 
(whchbed inater):Ddpite considerable expendi- Vaccine-PreQ"al Diseases 

orssincombaingmalariaehas been slow, and entle 
somestrmii ' a-m itees- -rvahe 71 7 EtimatedAn lDeathscommoninsecticides Somerarieti ns) have alsoWievloed resistanceto, chloro'quiTetamuking ti atilent Neonatal Cobgh Total 'h.'6e~~O makngaleamnt f' TetanusSinfected idieidund hore difficult.As a result, imrove 't"-ind"Cma298, 1 2699 
ment in some countries is offset by worsening conditions Bakanades 132 173 69'$K 361 

:i: S Ie s0Chapte 16,a"Populationandc Health:' Indonesia 218 352nnihers Table 71 63 
164 )ccrdtrtsWo aaristilwol killrs out ae r.Nigeria 64 171 68 303 

ri lari1 eaIh year.-lion A.. nerhe o t, ls MexicoEthiopia 31 57 19 107''>;16 60, 25 ~ 101' " 

The other ajor diseases prevalent in the developing Pailippes 12 45. 192 85
Phailpie 28 12 8'59 soworld a're airborne-they are spread b~y the victimn'breath- BWumna 20 43 18 79'W'8

ttd infected, pon. ;i Iffuri na' 20 782 ,26ing therspiraory secretions of an This 43 16 '>!78acq'~
Pakista 1321636 F 36situation is facilitated by the ov... rode, Vietnam 12 46 19 77It vrrwehousing corn- Kenya 9 37 .15 61Mon' in the Third World, particularly in urban areas. Egypt da16 32,, 13 CSouth Afia11 35 14 60>WHO estimates that "bet a :eenquarter and a third of Sudan d 36 , 15 59 

child a~tality or 'O 1 27 9in the world can be attributed directly AfVghanistan i11m
Irn19 9 45~

indirectly to acute respiratory infections" h99), Throughout Algeria I U 25 8 43
theeorld, they are the most common reason people. use Morollcco 10 21 5 36'Tukya 16 5 29health services, and they cause 30-70 times more deaths Colbia 9 14 6in the Third World than in developed coountries. lbbercu- Tanani. 6 7ora 6 

29t 

a
o cn inueab 952 703in th .r a public h roblem al 9 2,187 3,844 
All other developingundernounte arte ofrtheulrldy an dwllr whore 181 411 139 731'The~ major diseases of childhood-diphtheria, whooping Grand Total . :1,135 2,598 "842 '4,575 

cough, neonatal tetanus, oliomyelitis, measles, and dNotes:bya, Based an survay daaor. inthe absence otsurvey data, estimated using data trom count.tuherculosis-are~ preventable byvaccination. They .have 'tnes wth similar, saoclaecononk cardiansdutblanbbespile a Basen immurizatn cae data repoed to Expanded Programmean Immunizationuiz prjct.oHanation tedvepe ontis ,''EPIlo~rld Health Organization (WH assuminq that 95 percent atthe vaccine is et
icactaus and that 90 percent atthe c lldren not immunized will acquire measles Coverageis assumed to be lro inc,itries tramwhich data are nat available in'cidence of these diseases~ has been greatly reduced, or c. atBased on rvunikaion caveage data repaited taEPM'HO, assuming that 65 percenrt' : ' the vad eteffcacious and that tt0 percent atchildren,not immunized wiltacquire'7 loi alocnies beiimjort)hCne salo eucotKrem*be .ther efecs hve y iproed haa to be zero 1 , '~eenattnuaed ousng png cautii. Caverage is assumeid ir.countries trom which data are pat 79 

anid nuitritio'n and' co~mprehensive' public health 'programs. Souce ited Naio's Chlde Fund Th tt'lh ol' hlrn18 Ofi 
However,- they continue to' kill or disable several million Universiy Press, Un ited Kingdom, 1984), p.36," 

children every year.(SeenTable 2.13.)e
The traditional,,diseases of poverty exact an enormous "Medical Care: An Appropriat 1:Technolog? " 

toll inth hidVorld; yet some ofthe~world's 'poorest " " , 7':. '..
 

people':are'also 'exposed to' disease more commonly The distributipon ~f medlical resourcesaround the world is
' 

sociated 'Rith IEfflu Eping cou ies,R16per-' uneven,with those most in need haing access. t 
~"'cent of the deaths'ar caused by cardiovascu~l ar, disease,' 'a ..'Developing countries, presently'.spend 6nly',smrall
figure exceeded onily~ by. infectious diseases (21 percen) 

" 

fraction 'of 'their limited per-capita GNPs on health.~lIn~'"' 

and parasitic',diseases (18 percent). Cancer is also becom- ' j8 YlWicm onre ulcepniueo
~ing a'mgir ublic health' pblemi'i'imaniy parts of the a en 

ThrdW'rd',h icdence of lung cacri priua, tures while. in, middle inrcome counitr'ies it averaged 4.5~ ~ 
,is rising markedly.,This trend is'certain to continue in s 'compared to 10 7"percent in the United States"'~,percent 

-line with the increased pjromontioni,6f"cigarettes in TIhird" ., (1 . i1980, there ,was' on qaiie hsca for 'every
World countries_(100).,There' is'also 'evidence of' going' relatively,,healthy, people, in Sweden and on fr'~490 

,~occupational and enviromntal hltlh 'problems as some 1)every P50, iinthe United, Kingdom, "conmpared witho'ne - ~ pats 'of thTid ol i 6Y~i~d eaiey ~ 'for' every"7,9701 in the Phifippines anid every 69,390 in 
uncontrolled industiWi~ztioii. They 'reparticularlyseri - Etiii'f2.Smilarly,,thereE w .onniurse~for'every.<
Ouis in the Latin Amria 'onre-wt vrewater '5460, people'in India comren i40inteUtd""'ii~isI~6States,.The: ayerage fori isl' iali'"and air'pollu~tion in large' urban. etrs a Paulo,- Rio' one nus to ~u n,.ud "ountriesinoe,is now~ 

'~" 

deexc6anir,'it,"~r'eamled 4~' countre ecuig India and China), it is one to every 

~ EATPIRIIS NTIJTH ~~'~~'''~-Medical services -ire une!venly distributed within 4 
"~RP ~ individual: countries, as: well ,Doctors are concentrated in 

"' ' the towns t In capital cities- and few- pratice
Muc th an n tepoores pats, in 'rural areas kwhere mo~st of the people live. InIndia, 80 'dieas dathfond 

of the world, results from 'the lu'ck of' basic ]Medical care,~ r pecn of all doctors work in1,the cities, but 80 percent
potable water, aiid, Ideq ti, e s;t-' itation.'~~ ~~ t, of the people, live in'rural~ara (13Smlrlarcn 
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study in Ghana showed that Ietween one-third and one- the beginning of a new approach to health policy for
 
half the population lived outside the reach of basic health WHO. Participants at the conference callcd for a more
 
care units Thi.t). equilable distribution of health resources to enable all the
This uneven distribution of health services 

reflects the emplia:is on high-technology curative in('di- people in the world to )ecome healthier and more
 
cine found in most Third World countries (with 'lie productive. They stre!;sed the point that the poor health
 
excepti(n if China andia few-,(othrcountries that of millions (of people was in(,rally unacceptable, and they

emphasize preventive medicine). National health budgets formulated a strategy to close the gap between the "haves"
 
are spent )rimarily on hospital-based urban medical serv- and the "have nots" Their report was endorsed by both
 
ices, even though moiey Spent on Preventive health care WHO and the U.N. General Assembly in 1979. In 1981, it
 
would Yield a far greater return inimproved health. was adopted by the Thirty-Fourth World Health Assembly


l.iite(l access to trained health (are providers isaggra- as the Global Strategy for Health for All by the Year
 
vated )vtile emigration of qualified (dIctiirsand nurses 2000, and allWHO member countries were urged to
 
(i5),. Attractive professional oppo rtunities :,nd income in implement their own strategies according to local circum
the dev loped world, often cointbined with limited profes- stances. The objectives of the Global Strategy may be
 
sional opportumitit's at homie, lead to this emigration. summarized in terms of the 12 basic indicators used for
 
Trained (ot ors are a particularly valuatble resource loss. monitoring the progress of individual nations in achievinig
 
Considerable Public funds are spent on their educ(ation, Health for All (10):
 
so that their migration to another country is a financial N niational en(lorsetnent of health for all as polic- at
 
loss as well as a loss of valuable skills. About 110,000 the highest official level accompanied by the establish
doctors (6perceent of the world total) ioow work perma- nient of a suitable organizational framework and the allo
nently inconiitries ttherlithan where they'were trained. cation of adequate resources;
 
About 119,)000 (80 l)ercent) work in only five countries: N creation of mechanisms for effective comnunity par
the UInited States (77,001)). the United Kiingdom (21,000), ticipation inhealth-related decisions;
 
Canada (11,000), West (Gcruniny(6,00(1), andi Australia U at least 5 percent of (7NP to be spent on health;
 
(4,000).The majority were trained in developing ci in- E a reasonable percentage of national health expendi
tries, with those from India and tile lhilippines forming tare to be spent on local health care, with the exact
 
the largest single groups. Indeed, in the Philippines so :ne amount to be determined according to particular circum
years ago, a football stadium was hire(d to hild all tile stances;
 
doctors taking the qualifying examination to go to tlie N resources to be equally distributed among different
 
United States. iess isknown about the migration of geographical areas and social groups;
 
nurses, t)ut they appear to follow a broadly similar pat- M sustain. support of developing country strategies by
 
tern, with about 6 percent of nurses working outside developed nations;
 
their o -i countries, chiefly in the IJnited States, the U pr.. mary health care to be available to the whole 
United Kingdom, and Canada. popatation, including at least: 

Tiffs loss of medically trained personnel is only par- 1. safe water in the home or within 15 minutes' walk 
tially offset by medical aid to Third World countries. In and adequate sanitary arrangements,
1960-70, the annual financial loss to lautin America 2. immunization against diphtheria, tetanus, wnooping
caused by the flow of doctors to the United States cough, measles, poliomyelitis, and tuberculosis, 
eqlualed the total value of niedical aid from .he United 3. local health care, including availability of at least 20 
States to latin America over the entire decade (th;). essential drugs within one hour's walk or travel, and 
Although some developing countries are beginning to 4. trained personnel to be available for attending preg
control emigration of medically trained people, and some nancy and childbirth and caring for children up to 
of the developed countries are restricting entry, the over- ihe age of one year; 
all situation has changed little during the 1980s. U the natritional status of chilcren to be adequate, in 

The current provision of medical care in the 'Third that: 
World can best be described by the "three-quarters rule" 1. at least 90 percent of newborn infants to have a 
developed by the pediatrician David Morley: "Although birth weight of at least 2,500 grams and 
thre.e quarters of the population in most countries in the 2. at least 90 percent of children to have attained a 
tropics and subtropics live in rural areas, three quarters of reasonable weight for their age;
the spending or medical care is in urban areas, and also E the infant mortality rate for all ientifiable subgroups 
three qua,'etrs of tle doctors (and other health workers) to be below 50 per 1,000 live births; 
live there. Three quarters of the deaths are due toicondi- N life expectanc , at birth to be over 60 years;
tions that canlbe prevented at V(x\vcost, but three N the adilt literacy rahe for both men and women to 
quarters of the medical budget is spent oii curative serv- exceed 70 percent; and
 
ices, many of them provided at high cost" (107). U the (;NP per capin to ex-ceed $500.
 

The aims nf the ('obal Strategy are wide ranging, and 
The World Health Organization Strategy for they recognize the link between health and socioeconomic 
Health for Ail by the Year 2000 development. The Strategy recognizes the fact that health 

goals are ultimately achieved not by medical care alone 
'he International Conference on Primary Health Care but by policies outside the immediate health sector, par

held at Alma Ata in the Soviet Union in1978 marked ticularly those designed to ensure a reasonable income 
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Kfor, all. Thie utiizate aimi of the Strategy, isto ensure' that cates that some important changes maiy be taking place' 

aa minimium;iall p~eople~n all ccdtisshudhv at that could lead to ~decliing fertility oi4),'. A~ 
" 

' 

least su'dho~ level f health that they r capable of working The Kenya-FertilitySurvey, (KFS) was conducted in j
lu ~ t al life ', 197748 1n 1984 theCPSoltained datictielyI 

of ithe66iiiiity iflihthe ]iVT 7(e Reet,, "~ wfflt niiies to;ward7contraceptiin Acma 
D' below.) k'ison of 'thle findin'gs ~o the. two' studies reveals several ,

StfWarSataon encouraging trends. ,1 ,: 11
essand Adequate t The level ofeducation attained in Kenya has increased
SW - 1977, casince wasially among young',women, and
Wihotnadeuate,supply' of clean, water and effective fon ob siieyascitdwt ml-fmle at~''sanitation;$health'is certain to suffer Against this back. fon ojwt malfmle 'tal
 

ground thelInraional, DrinkingW S and' desired), contraceptive knowledge, and use.
 
on' 	 The averagedesired family size among women who

Y~ Snittio'~ 	 ALth' of have been married dropped from 7.2 to 6.2 childrenDcadwa~ inugurtedin'198. en 
1983 WHO" reviewed progress and foind that about 75 ,1977.' "since .percent of,the iurbani population'in thedeveloping coun. U In 1984, 69 1percent of currently married women
tries' had "access to pipedwatersupplies, with 61 percent wanted' tostop bearing children or'to pause before the 
seied through hose connections (109). In rural areas on next child, suggesting a considerable unmt need for 

the~the~had~'6lyA"" f te poulaionhad family planning services. (See Figure 2.4.) ' 

onserie wa les xtensive, ?with just over 50 percent"' 'Awareness of family planning and~contrace&ption ist:i:~t~a&ae. Tecvrg fsnt , . , .;:,.,,:x. -	 .<,:,....... .

ti~i'srvies as 'v'it ji~t"ver50 ercnt high. About 80 percent of all women have heard ,of atles exensve

of theurban' dwellers having facilities for disposal of least'ore contraceptive method. There was.a notable 
excrta and about 36'percent having'connections to pub ie nhrf r wm crt , nrovemeinthe um e f: ri'ed women' curr [ ent :!!i
lic sewers, These figures represent some' improvement on using cotracetio t sfig res, but progres was too slow: to, achev the .' : ; :. ,: .,':., 	 :, --.. ,- >1970fi~iresbutrogess ~as ~osow tachev~ethe to 17' percent ovrer the seven-year, period. Current' use of 

' ' 'target fI the decade. " 	 con trception, has 'doubled in'almos~teveryr age, group,'"Better sanitation and water supplies alone 
' 

can rarely wi i'-"". 7",J 
improve' health, but they are anecessary prerequisite for urban areas,21 percent of'al[, wme use' contraception;. 

4progress.' Their impact on 'disease patterns is'complex, ,. "!the figure 'for rural' women is'14 percent. Modern: 
depending on the 'number of people covered' the' ways in methods of contraception are niore popuilar in the towns,
which 'they e (ordonot 'use) services, the social nthe 

and "eco'nomic status of the population, and existing ' ' - -- 

health problems.. '__________________________ 

Experience in many countries shows that well-planned' Figure 2A. Percent of Married Kenyan Wom~en~ 
projects can achieve a considerable, reduction in diarrheal Who Do Not Want More' Childreni 1977-78 . 
diseases, cholera, and' typhoid (..) ii). In factthe poten- and 1984 

. .tial to improving 'the nutritional , ..	 !benefits can extend 
'4' "' 	 educ~ational, and'iultimately the economic s~tatus of those, Percent '' ' 

involved 011). But the financial costs are high. A recent' o 
estimate suggests that the miiimal cost of 'providing safe 

' 

90 2"water for all those 'who need it in l the develo ing: 80 	 1 

countries would be around $300 billion'(13). In'view 'of 8
 
the fact that the ,total GNP of all developing countries70
 
was'around $2,000 billion in 1980, the cost of providing"
 
safe water would amon to, 15 percent of~the total GNP,' 0or about 	 '1.5 percent per year spread over ten: years.; Mil" 50' . 
l-ions of people are' therefore likelyto remain unhelthy 40 
without. considerable aid from the industrialized countries, JP'7
which have so far not provideddit.' '. '' 30 'U 
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4	 Kenya'hasthe~highest Kenya Fenily Sur*,e '1977-78 , "'World4 Resources 1986 noted thatL ey a h ihs 	 ey otaetv fvlne ~w,16blirth rate in'he'orld, with'a TF 'anaeplv --	 i~vy ~8,f-'eight annualo 
dotbling~ine'f17ante:~ NOIS v nucV$il~iUC ediyr~i &rcdn~en. L',nl 	 5 cw

6t a 'ouatougotlation,42'er-Sourc: Mimstry 	 ei Joof PBiandNfca DwkMrret, nuratrali, 

,a" recent" study, 4'resniy 	 Bureauianioulngtnefo yyar.Hwe 	 NaPnlo Re_.Cn ol n 

"heKeyaContraceptive C"'4Prevalence Sui'vey"'(KCPS), iidi 

22~ i 1057HC" '. 
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in contrast toa higher proipoirtioni ifrurel Nvomlen using PROGRESS ON THE GLOBAL STRATEGY FOR 
traditional metho(ds, such as rhythni and abstinence. HEALTH FOR ALL BY THE YEAR 2000 
Aniong nonusers Of cttilracel)tioln, attitudes are posi

tive. ()fwo.'men wht have been married in(]who klew ' Ile World lealth )rganization's (WHO)) Global Strategy
 
Of a family flanuiig itetlttd but wilr iit users, 76; per- for Health for All by the Year 2000 is an ambitious and
 
cent approwed and Only I1percent disapproved Oif con- attractive vision that has led to a change in the rhetoric
 
traceptin. 
 ifnot always in the reality of health policy and planning

Access toa sliurce of cilt raceptive supplies in rural since its adoption in 981. The first evaluation of the 
areas is a maij ir barrier to use. Ahout 60tperciIlt ifrural Global Strategy, covering 1978-84, was completed in 1986,
tIwelleis livt 'lt1rc thian an hour frOl tine nearest outlet, with the active participation of 146 of the 166 Member 
ald Ol 7vptrcent use modern intlltds, tUsers were States of WHO. Because this was the first evaluation, a 
asked why pe ll)h btaining cointraceptio lack of historical baseline data and weaknesses in dataiiitreste(I intb n 

iiiitiito( gto Ill faiili tlaiig ittlets. Iir!',' prce * i~ etc an.d......., made itdifficult to
 
lnen:ined It asisa disclite. 24 Ipelceint mentioned assess the early effectiveness of the Strategy (115. Early
 
lelh ivtI 5-, cielit mentined fear t!I inurses, and indications are that while the Global Strategy has beenit 


13 ptrcent ittliti, liltc endorsed by most Member States at
uid poor quality Of service Offered. the highest political
 
This increase ti alist tOi-and-a-ilalf tili's tll ctIii- levels, economic constraints have limited the resources
 

tracelptive l)revaliciin 7 percent toi necessary to follow through Oil this commitment. ]'here
rate. frimii 17 lercent 
inOnly seven .'ears. is a maj r ste) forward ftr lit( are sone indicatieIs of progress on the availability of pri-
Kenva Fanily Planning Progralimie. and itshows wha' mary health care, particularly in rural areas, and efforts 
caii be doiie with a high level tif.tloverllilit and dllor to increase imulltnization have increased in a few coun
ctlmlnitlient. Althiugh filie principal gains have tuei in tries. However, access to medical remais highlycare 
totwns and in rural areas the uneven inmost Third World countries, and sustainednear Naiitti, plans ftor next 
phase include a much norie cincerted i community involvement attain in the face offfirt toI bring is difficult to 
mitdern contraceptives to ru iraarts using .lay, traditional attitudes (1i16.poverty, illiteracy, and It is still 
ci ininiiiiitv-based distrhiutors. too early to measure the impact of the Global Strategy 
The changes are .Ot vet reflected inia signiiificanl ol mortality and morbidity rates, but large disparities in 

reduction in fertility or populatitn growth rates. it ticy infant mortality rates and lifeexpectancy persist oin both 
ar Citiouragillg signs Otfillimpeni iding dclicne. a national and an international scale (17). 
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3. Human Settlements
 

Worldwide, roughly three people live in rural areas for 
every two urban dwellers, and agriculture is the main 
source of livelihood for more than half the world's popu-
lation. Most Asian and African nations have predomi-
nantly rural populations, as do some Latin American 
nations. However, over the past century, there has been 
an unprecedented growth in the world's urban population 
and in the number and size of large cities. An increas-
ingly integrated and city-based world economy has been 
the driving force. The "million city" is now commonplace 
throughout the world, even in relatively rural regions, 
and a growing number of cities now have populations of 
5-15 million. Such urban growth challenges governments 
in providing adequate facilities and services for residents 
and businesses. 

Most of the larger and more rapidly growing cities are 
in the Third World. Rates of natural ircrease are gener- 
ally higher than in the developed world, and rapid eco-
nomic, social, and political change has stimulated urbani-
zation. In addition, under colonial rule, many Third 
World nations had small urban populations, with move-
ment to cities often strongly controlled. Thus, urban rates 
of growth often appear particularly high in recent 
decades because they began with a small base. 

Despite the rapid growth of some large cities, they 
house only a small part of the world's population. In 
1980, only 6 percent of the world's population lived in 
cities with more than 4 million people. Even in many of 
the most urbanized regions such as Japan and Western 

Europe, less than half the population now lives in urban 
centers with 100,000 or more inhabitants. 

The United Nations predicts that all the world's 
inhabited regions will become increasingly urban 11p LO 
the year 2025 and that most of the largest cities will con
tinue to grow rapidly. But recent censuses suggest that 
this prediction may not be realized. In North America 
and much of Europe, recent trends have been toward 
counterurbanization with less concentration in the largest 
older cities. In the Third World, many of the largest cities 
are growing more slowly than expected. indeed, in some 
countries, the largest cities have some of the slowest 
urban growth rates, but certain relatively small urban 
centers, often near the largest cities, are growing more 
rapidly and becoming important concentrations of new 
industries and service enterprises. If these trends are sus
tained, there will be fewer and smaller megacities than 
projected by the United Nations. 

Should a slowdown in Third World urbanization occur, 
it is likely to be the result of economic stagnation. Rapid 
population growth in any city presents problems, particu
larly in providing necessary services, because city govern
ments typically lack the power to levy taxes for roads, 
water supplies, sewers, drains, and public transportation 
and to intervene in land markets to ensure that residents 
have access to legal and affordable land sites. Hlowever, a 
stagnant or declining economy that slows or stops people 
from moving to the cities may prove a more intractable 
problem for developing nations than rapid urban growth. 
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Human Settlements 

'V nrldwide, poverty is olre a rural than ani urban 
plhenomenz ol: inr.t o)f tile world's p()orest p(ople live in 
the ored, mlinantlv rural nations of Africa and Asia. Many 
have nio laid Oiftheir Own Or their holdings are too snlall 
to) providc an adc(Illate slaitldald of living for their faui-
lies. They cainlt grow enouh loud, nor are they able to 
find oitier work that nay, adeuiately. They are usually 
the worst served I) health care, schools, safe and con-
veliill water SU)t)lies, transportatio n, and other iu)ulic 
Services. hilthe Iast 30tyears, the lli\ellelilt of rilral 
poor to uitiail areas to seek a more sctire basis for their 
OWl strvival is oile of the iiaili lacl'to's i)elihld urballiza-
lion ill the Third World. 

The distilictii lletW(t uilltI iS uiladerurand trlall ,C;is 
by all go\'erllle its. But definition; varv widely, Clilt-
plicating interllatiollal colparisoiis. Nev',thelcss, tilt 
differetces betweeii living coiiilis ill rural and urbal 
areas ill l1os1t (teehlhA Ilal illS are genrailly cioInsistelnt. 

There have Ibeen mIajor advan(o, s it nderstaldin g tlhe 
dynanics of rural-ti-rban miigratioll in recent years.
Most research findings show thatimigration f ows are 

rationil responses to chligig ecolllilic t'circllnstlances 
and tthatt rect'ent city ligranlts often lrovile ulch (If the 
clle,'.p lah, (IIllwhich the urbail ecoit io' is based. 

All governillweil policies aid ex)elilitures influence 
rural-tirban dyInanics. olief tile most powerful 
inflences derive from policies with uo extplicit spatial 
ainis or llbjectives. Thus, Iacroecooli1c lpolicies can 
encourage or (iscourage inigraiiI to cities. For exaile, 
import substitut ion [)iolicies often help concentrate busi-
niesses and factories i,i one or two large cities. The 
strength and coml)etence of local government influence 
the spatial distri butiott f urban develel 1t; i highly 
centralized governienlt with weak and ineffective llcal 
golverinments increases the dolinance of lttinlal calpithls. 
If gioverlimleits wish to slow ligration flows to large cit-
ies, they ni.,v have it oi lore thall cllcenltrate oil 
agrarian reorl and agrictil and rtral developnment-
they may have to Icai ge thei econoic and pricing 
policies alld st'eligthll the powe', resources, iild 
representative Iatlre If hlcal guvertllneuts. 

CONDITIONS AND TRENDS 

GLOBAL TRENDS IN HUMAN SEITLEMENTS 

During 1987, the world loplllation will pass the 5 billion 
m ark, rojeg thatandUnited

markll 6. Nti'tts)lliljetn'Oftile sugtl. 
i98twi estmated1 b til ellpulin59 perent -ote e
19)85, jil est iima te 59} pencenilt if tlhe gI ljil l)Ol)tlaitio 1 

lived in rtural areas, mist If tel iil developing 'otilt 
tries. Asia atin Africa were 71.9 and 70.3 percenlt rural, 
respectively. By c(iltiast, tIle deveiloped nalions were 71.5 
percent urban,' ;nd Iitin Aneica was 68.9 percent
urban bll. 

Urban Change 

These inlernational conparisllns as tio levels if tirballiza-
tion are marred by major differences in the way govern-
ments define "urban."The dividing line between urban 

and rural varies considerably since there is no general 
agret n',it as t) what constitutes all urhan area. ()cca
sionally, changes ill tile definition of urban areas can sig
oificitlv affect statistics. (See Recent l)evelopments, 
(liila Red('fintos its tirkal Poplulation, below. For a more 
complete discuission of the lroblemns of defining urban 
and rural arc as, see R'irld esour-ces 1986, p. 32.) 

Ill spite of this difficulty, it is clear lat within the past 
ceItury tlhere has been antitunprecedenltd increase in 
both the llnllllher ald( the lproportion of 1p), le living in 
settlements defined as Irban throughout the world. The 
form amd scale of ttis urban growth and the time at 
which it beganu differ greatly frohi region to region. Until 
the 19lh Century, predolinantly rural and agricultural or 
Piastoral sIcieties were tle nornil throughoui tile world, 
antd until the seclld half of the 19th Century, nations 
with ino(re !than one pelstnli ill ten living in an urban 
area were untlsual (2). '"Iday 11ore than one person in ten 
lives in all urban area ill most nations, and in many 
countries ilore than seveni in tell do. hi 1800, sole 50 
lillioiteple-a!)tti( 5 rcent (If the t ital 0)Oltat ion

lived ill ilbalt areas thrughott tlhe world. By 1985, 
more than 2 billion petlle-about 42 percent of the total 
pIopulation-lived in urban areas. 

lin recent decades, the nations with tile most rapidly 
growilg urban pOll lat i lts have been ill the Third World. 
There jire several reasons. First, the rates of natuiral 
increase in populatitn ire generally mutcl higher in the 
Third WiIrld, so that even urban areas with little il
migration often grow 2-3.5 percent a year. In addition, 
for many Third \Vorld nations, relatively few )eople lived 
ill urban centers in 1950; urban growth rates have been 
high relative to the developed countlies because growth 
is neasured against i small urban population base. For 
example, lallzalia's urban population growth of around 1 
million people between 1967 and 1978 appears rapid 
because there were (lily 61,000 urban inhabitants in 
196Y. At the same time, Australia, which has a smaller 
national population than Tallzania, also experienced an 
urban po)ulation growth of about I million people, but 
because Australia was already a predominantly urban 
society by the 1960s, the growth rate appears slow. 

Urban population growth has also been more rapid in 
many Third Woild nations in recent decades because of 

ralid economlic, social, and political changes since 1950 
(incltding, for nlany, the attainment cf political independ
ence). These changes have generally led to a concentra
tion of new elploylent and educational opportunities inirban areas, especially ;n one or two of the largest cities. 
In turn, these opportunities have stimulated large-scale 

polulation movements from rural areas and frequently 
frolm simaller urban centers siswell. Urban centers whose 
populations did not grow rapidly were almost always 
thoe whose econtinies remained stagnant or declined,
and many of their inhabitants often moved to cities 

where new opportullities were concentrated. 

During 1950-85, tile level of urbanization (i.e., the pro-
Iortion Of tile Iopulation living in urban areas) increased 
in all regions of the world. (See Table 3.1.) U.N. figures 
indicate that in Africa the urban population increased 
rorn 15 to 32 percent of the total population, with East 

26 



1 '7"' ~, ~ 7Human Settlernients A 

X Table a3i.!Proportion of the Population Living, rural areas and the proportion ofI its labor force working 
"in Urban Areas: World, 'More Developed and in agriculture In addition, the larger the relative 1size~of. ~w 

Less DevelopedRegions, and Majori Regions, tihe rural population,the poorer the countr Is likely to < 
1950 2000 . be.These correlations can be seenby ookling at goups. 

en-.- . 7 -- of nations-categorized-by.per-,Capita,Grossd-National-P 
975~~~~~~~~~~ut9590mr hnImllo~n~Thethe countries..6f the worldI~18 World Bank divides 

A Worl ;' 29.2 34.2 37.1 38.4 39.641.0 42.6 44.5 46.6 categories. ''< 

A .More Developed Regions 53.8 60.566.6 68.88.70.2'71.5 72.5 73.5 74.4 The poorest nations are classified as "low income econ-
Less Developed Regions 17.0 22.2 25.4 27.2 29.2. 31.2 33.6.36,3 3.3~~~~ ~ ~ ....~ ~ ris. In .. c....~ ~ ~ ~ ~ .........,...........~ ~ ;.,~omies "I........n...ost of.thsecoiiri ot "
 most of: these countries,, 70,90 percent of,the 
Africa ' 1517.18 8 22.5 24.5 27,0 '29.7 32,7 35.8 39. labor force works in agriculture. The 35 nations in this'
Latin America . 410 '49.2 .574 61.4 65,3 68.9.72.0 74.6 76.8 

' A 

North America ' 63.8 69.9 73.8 73.8 73.9 74.1.74.3 74,6 74.9 category include India and China' and contain nearly halfEastern Asia 168 25.0 26,9 27.6 28.1 286 29.5 30.9 32.8 ' ' South Asia 16.1 18.4 213 '23.3 25.4 27.7 30,2 33.2 365 the world populition. Although many farmers live in 
Europe 56.3 60.9 66.7' 68.8 '70.2 71.6 72.8 74 0 75.1 small urban 'centers-and a few in large urba centers-Oceania 61 3 663708 71,7 71.4 71.0 70.9 7.1.0 71 3 lre ~aUSSR 39.3 48.8 56.7 60.0 63.1 '65.6 67.5 69.4 70.7 predominance 'ot agriculture is reflected in' the small.,'the 

Note: North Amerca includes Bermuda; Greenland, and St Pierre and Miquelon proportion of national populations, typically 10-30 jper-
Source: U.N. Department of tnternational Economic and Social Affairs. Wod Popjiation

Prospect, Esfimates and Projections as Assessed in 1984, Population Studies No 98 cent, living in urban centers. 
(United Nations,'New York, 1986), pp 140 143, p. 150. p. 156, p. 162 p 173, and p 180 In the"36 nations classified'as lower middle incore 

economies,"about"40 'percent of the labor force works in
Africa the most rapj~ly urbanizing subregion, growing and half the population lives" in'rural areas.'~agriculture

from 5'to 19 percent. Latin America becat-me a predomi-' This group of nations is diverse; it includes relatively '' 

nantly urban continent, growing from 41 percent urban urbanized nations like Cuba and Colombia, with less than'. 
in'1950'to'69 percent urban 'in' 1985. InAsia; the 'level 'of 30 percent of their labor force in'agricultu~e, 'as well as
urbanization increased from 17 percent to 28 percent. predominantly rural and agricultural countrles like Sene-

Inspite of rapid "urbanization .in'the developing'.world, arnd Mauritania.''.gal '.. 

."The 

tion 'continued 'to exceed'the urban increase because' of have an average of just 30 percent of their labor force 
'

prior to '1980 tre absolute increase in the rural popula- :22 nations' with "upper-middle income economnies" 

its much, larger base. Based on U.N. projections, since 
' 

working in agriculture and 'onethird of their population
'1980, for the first time, the absolute growth in urba n popu- . areas :group inclui-1 .......
living in rural This tMinAmerica'slation in developing countries is higher than the absolute ' most urbanized and industrialized na'ns, 'suh as Brazil,

growth inrural population. This change is important Chile, Mexico, arid Venezuela, and the poorer, European
 

... historically. (See Table 3.2.)' nations, such as Portugal and Greece.' '
 

'. Among the five high income oil exporter 'nations, the 
Table 32 Increases in Urban and Rural Population, '. proportion of the labor force working in agriculture is 
1950-80 and 1980-2000 and the proportion living' in urban 'centers relatively.."'low 

mi/1ns)u ' high, with the exception of Oman,where' much of the 
t... ... . ....... ~ population0"2'~i98O~2OOO'remains nomadic. In' additioin r6ughly 40 per-

Ua r. " cent of the populatio n Saudi Arabia stillderives itsi ................. .. ~
.... .... . . :l lrOUrbenRua~ ~ Ubn ua livelihood' from pastoralism.'
World1,03 ' ,089In' the industrial' market economies, including Japan,Mor d 

'904 

North America, and most of Western Europe, less than a 
Les Deveoe Regions 679 950 937 595 

'i 161' 7 181":' . zAri(caAfrc 9494 ' . 161 ' 211211 181.. . ... }quarter of the population lives in rural areas and lust 6 
Latin America 169 28 183 2 .percent of the labor force works in agriculture. Here the
North America ' '80. 6 36 9 likbtenagiutrleplyetadruaEast Asia '218 287 154 145 ln e~e giutrlepomn eiecn ua eiec

',south Asia 244 459 400 267 begins to break down. An increasing fraction of th 
Europe -27'''119 44 -17 pouato no loge work onoo tharuraOceania 9 2' 5 2 ' population no:longer works on farms. ' ' ' 

USSR 97 11 55 -6 There is considerable diversity among theEast Euro-" 
Nota: ' ''peanNorth Amrica includes Bermuda, Greenland 'and St.Pierre and Miquelon. nonmarket eomynations. In predominantly ruralource: Adapted frm U.N. Department ot Internaonal Economic and Social Affairs, World 61 p ec yPopulation Proslctsas Assessed in 1984,PopulationSludies No. 98 (United Nations, ' ApheiNew ok 19), pp 140 -3, p i1O p 1,58 p. 62 p 168, p 173, and p la', agriculture 'in 1981. At theother end of the spectrun ,

Rural Poplaton highly urbanized East Germany 'has only 1percei 'i
 

Populationswork' force in agriculture-

Despite the attention given by policymnakers and the,, Trends in Urbanization
 
media to rapid urban change and to urban and large-city

problems most of the world population continues to live The United Nations projects that all regions will
 
in rural rather thani'urban areas. In 1985, 59 percent, of to urbanize up, to 2025 and that more than '60 percentof.. ~
 
the world population lived in'rural areas, and agriculture the world population will live in urban areas by then.~
 
provided the livelihood for, more than half the world Recent census data from North America iWestern' Eu rope,>
 

Spopulation.''" '' and some Third World nations raise questions aboutjeretioass in helst_Throughout the 'world,' there is a stron~g correlation, these projcin Ce'Ussundertake]nCnsesudraniith'.C0 ~A '' 

b'etween the proportion of a 'natio's population lyearsshow that many nations are not urbanizing as 

=ii" Al 1907 

i 

http:Cnsesudraniith'.C0
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rapidly as U.N. figures suggest. Further analysis of the 
factor!; that underpin urbaniization il tiel Third Wwild has 
broughi into question tile validity of some of tile issulp-
tions on which theIl-J.N. projectionsiare based : ()he 
key assumption is tHIai urban trends in tilepast few 
decades provide a valid guide to the future. 
The relatively slow population growth that Calcuta has 

experienced in recent VearS illustrates how iinaccu0 ate 
,such popjulation projections can be. During the 1970s, 
Calcutta was projected to have ,t0-50 million inhabitants 
hy the year 2000 o). Thelprojection was based on 
extrapoIaling Calcutta's rapid popiulation growth rahe ill 
the 191ts atid 1950)s far into tit( future. But the rapid 
pl)Uliati( i growth was largely due to Ithe influx of refti-
gees from what w.i s foirmerl East IPakistan (now Ban-
g!ad(esh) after the lartition of India in 19.17. More ihan 2 
rIrilliori settled ilnCalcutta. !"U! :111h apid inflows tf peo-
pie have nit akenl place since 16'(it); indeed, betwetill 
1971 ard 1981, r114re people ruovedt out Of Calcutta than 
into it. With a lotal plulation of some 9 inii!:iouin 1981, 
Calcutta is tmlikely ti exceed ever 15 million inhabitalts 
i)Vtile year 200(0, let alone the 1) or 50 miiin 
predicted (hiring tie 1970s. 
lithe richer Western nations, the fact that the propor-

tion ,fIpeopl Urbia areas is hardly growi ng orlivilig ill 

ii some instan'es is eve decreasing is a resilt of a 
productive aiud siophisticated economic structure (itclud-
ing far less reliance oiltraditional heavy industry and far 
more on service enterlprises) and of advaces intranspor-
tation and ti iriirliications. Some businesses are able to 
operate friti cleaper rural greenfield sites. For tiers, it 
is attractive to decelralize operati rs. Many professionals 
ati executives are attracted 1y jobs that offer what have 
traditionally been urban comforts atid levels of services 
but in rural surroundinigs. If urbanization does continue iil 
parts of North America and Western Europe, it is likely 
to be through rural popiulations moving to relatively 
small urban ce;.ters, nit to large cities. 
Ilicontrast, a slowdown inurbanization (5)is far more 

likely to te associated withi a slowdown ii economic 
development in niost of the Third World. Iti recent decades, 
cities like Mexico City, Ligos, and Dar es Salaam have 
been the main focus of rural-to-urban inigration within 
their national boundaries because they were the places
with the most new employlineut opporttities. They no 
longer appear to offer such great opportunities, relative 
(oother urban centers and otler regions. Recent eco-
nornic stagnation and tile current debt crisis inmany 
developing nations ore likely to be reflected in substantial 
slowdowns in irarlanization rate-, which will be apparent 
when new census results become available. 

If this slowdown is occurring, tile developing world 
may be far less urban by the year 2025 than the United 
Nations projects. If Africa and Asia are to change froi 
predominantly rural regions to become nearly 60 percent
urban in less than 40 years, their economies will have to 
be transformed during these years. 

Small Urban Centes 

Despite thle attention given to the problems of cities like 

New York, Mexico City, Calcutta, Cairo, and Manila, onl. 
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a simlall proportion of the world population lives in very
large cities. In 1980, only 6 percent lived i1 cities with 4 
million or more inhabitants while only 25 percent lived 
in urban centers with 100t0 or more peol)le. Even in 
Iliany of tihe most urbanized nations of t1e world such as 
.aaill .urope, less than halfan d the nations of Western 
tire pi lll tat iOI lives in urban centers with 100,000 or 
inore inhabitants. In maiy Third World nations, at least 
half the urban population lives outside the national capi
taland the largest cities. They live in small or medium
size urban centers of great diversity in terms of economic 
Iase and potential for further developingt. For example, 
in India, the 1981 census showed that only a quarter of 
the urban population lived in tie 12 largest cities (6). 
Ilnmany nations, the urban areas with tile highest rates 

of population growth iare relatively small urban centers. 
li tile United States, most of tile cities (7)that grew more 
rapidly between 1970 and 1980 hiad fewer than 250,01)0
ithabitants (,. InKenya, the two largest urban centers-

Nairobi and Mombasa-had anong tle slowest rates of
 
population growth for the nation's urban centers with
 
5(,001) or mre inhabitants between 1969 and 1979 (9).
 
Litna, tie largest city iii Peru, haditne of tile slowest 
rates of population rowtlh between 1972 and 1981 
anlollng that couitry's uran centers with more than 
50,000 inh blitants rut). In Ecuador, several relatively small 
urhan areas experienced nmuch higher growth rates than 
the two large;t cities, Guayaquil and Quito, inrecent 
intercensal periods. A dramatic example is the town of
 
Machala, which grew from 7,549 inhabitants in 1950 to
 
105,521 inhabitants In 1982, turning it from a small,
 
tnimportant town to the fourth largest urban center in
 
Ecuador (I. In India, most of the more rapidly growing
 
urban centers during the 1970s had fewer than 500,000
 
inhllabitants (r2). 

A Surprising aspect of rapid urban growth is the lack of 
new urban centers. The growth in urban population is 
primarily concentrated around long-established urban 
centers. The few new cities that have emerged are gener
ally the result of explicit government policies rather than 
natural economic and social forces. Ili order to get these 
new cities going, governments have poured money into 
their creation. Ii L.atin America, virtually allnational cap
itals
and most provincial capitals were founded as towns
 
prior to independence; the continent's tetl largest cities
 
were all founded more In East
than 400 years ago (13). 

Africa, virtually every urban area with more than 20,000
 
inhabitanis in the mid-1970s was an established colonial
 
administrative center by 1910 (14). A study of three dis
tricts in India with 34 urban centers in 1981 found that 
virtually all had been administrative centers under 
colonial rule in the 19th Century, and many were impor
tant towns within their areas for hundreds of years (15). A 
comparable study in Southwest Nigeria also found that 
most urban centers there had histories as important set
tlenents stretching back hundreds of years (i(i).

Whether smaller urban centers will grow enough to 
moderate the dominance of the largest cities will vary
from country to country. In some nations, they show 
signs of doing so already, but it is not clear whether this 
trend will be sustained into the next century. If the richer 
and more industrialized Third World nations develop high 
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stati(lards of hlterregiollai it'i-iltranlsportaioil and conllin 

li(ll ill hicreasiig iutiliI)er of nlew husillsses inay locate Rital-to-tirba Ii igration. iiit natuiral ii,rease, was tstally
s, 


outside tile largest cities, <asthey have done in North the maiii sotirce of tlIran p1tlatiozn growth.
 
Aierica iiand iitch of "Lrope Oiver the paist cilitu ry, urban mortality rates declined
 

significantly. Although there is some debate .bout the 
innost itmlportant causes, it is geiierally agreed that inproved 
diet-iade possible primarily throtigh riniiig hicotues anld 

FOCUS ON: RURA -URBAN DISPARITIES iN cheaper food-lrokahly was the single mnost ilnj)ortalt 
LIVING CONDITIONS factor. Direct governmlenlt action was also ilnpoitant in 

iltproviLi water sul)lies, sanitation, the disposal of 
The Difficulties of Pinpointing Disparities louisehold refuse, aiid other services. So too, it] s)iile 

inistances, was pul)lic action to restrict working hoLrs and 
It is clear that a high propoitioii of tile wotld's most ex)loitation of labor 
imp11)overishted 1)1,( live areas. This poverty More recettv, rtirat-u raii terms of lifel)lC in ruiral is differences i-, 
freqLiently theW of lill(ilessIless expectancy and fatit have largely disappearedresIilt ir tile iiiad(Cl-tC ini m1lortality 
size or poor (luialit, of lan(tholdiiigs, con)iiled with a in North America alltd Europe. Although differences pei
lack of alternative eiIploy tnlent opp rtliiities either sist between rat at id ulrl)aareas ill some regiolS,i a 
within or oitside tIu. agriciiItlIral sector. Ihe l)overty of l(wer thani average life expectaicy is more cimmoily 
hundreds of milliios of rural dwellers is reflected, iliil Slr- associated with low ilncolne or witi specific locations in 
prisillgly, ill their otle-rooli ,inIes that are typically ,'ities where high conceutratiois of low-incine people
ilade of materials whichiare tlost ininediately avaihll)le areiftiCOIitrated 
all( for which little or io iaylnetit is ilecled. Ill the Third Vorld. rLIral-urlban disliar ites are more sig-

Rural dwellers in the developiig world are also likely tifi-calit. ll)t: 3.3 delniistratcs the fact that for selected 
iA)I), worse off tliu rlbain dweliers iii terins of access to litii1s where data are available, itifanit and chiId mortal
the kiids of services :id iftistrcttire that are ulsuially ity ill urblait areas is substantially below riral levels. The 
the reSl))lisil)ility of hverillileits: ri ads, telel~itiIs, data, which are I)ased on all extensive suirvey of LItin 
postal service, liblllic ttanlsportatiou, safe water Stipllis Almerica], Asiatl, andi African tiatiois, show that itt l)otti
alid sailttion, edlicalioi, aid puillic lcalth services. the first year of life and iti the first five years of life, 

Comparisois of living cotilitions illrlrd and irball nitetroipolian areas len-I to have the lowest tnortality 
areas are i1ake all(] be carefully rates, fillowed by other urbandifficult to uISt ititer- areas and thell by rural 
preted. 'ITheilost ipotrtalit reasii is simply that the areas (17). 
data base is extretmely linlited, Iboth in the types of living Not all urbani are:is ill the Third Wor!d have lower 
cotiditihIns tneaSlrCd atllilithe itillmer of matioiis tiorthility rates tha] rural re iiois do. Conditiois in some 
covered. Beylld availability, there is also a problem of 
(quality f the illfollitData frequently ohtai, 2d Table 3.3 Mortality Rates during First Fiveaon. are 
through stirveys of tiatioial golvertilletit agencies, aild Years of Life by Type of Residence for Selected 
they may be based oiln of acuital Countrieslimited kniowledge cmidi-
tioins it remote niral areas or theiy It ay be exa g2e a -d. ; lo,, 'Jthlrl ,).r 


A secotld major problet illiiI'te peting thflese data is ti-e 
diversity of conditions withinW)th rural aid tirbali tei:, Mortality during First Mortality lurint First 

Year of Life Five Years of Lifein most natillons. Statistical averages for allrural areas li Meiro- Other Metro- Other 
turbll centers freqlltily miiask large differelces alol!g Country-politan Urban Rural Total polltan Urban Rural Total 
towtis or ruiral areas. A third problei is that poor living -.,l 9:' 81 146 121 i16 187 332 2187 

3 1 -l 1.14 3192', 190 190conditions often correLhde Iore closely with low inicomeiCs ( l)02o ,I 1-15 1 65 162 
or with a partictlar ethtlic group thati with tile locatioll Sti(ar 81 66 83 81 I r 11 -is 140 

Ilit, 16P (90) 1Im 1 1,1.1 Yl 13 6) 21 7 014of dwellings. Piarticularly it] cities, averages for alle nitire Peril 58 115 144 115 76 165 2 ? 170 

city teid to hide large iridividu a! differenices that ate rele- M .o 72 i6 91) 8? 88] 103 135 11-1 
vant for policyliaking. Even with these linitatitis, it is 4')'1,'' 71 89 7,1 101 139 112-i; 66 

CoIa RIcr 80 87 8 (3 91 108 95imlortant to tmiderstaild differences it) livina.g conditions ill Gy.4, I64 (6I7)3) I-) 75 (771 70 71 
especially lnainy ri: 1]7 1 4116J 67 651 65rtral alld tirbati areas, ill parts Of the P'il il 3i 50 57J111iIh 5 ,U A 76 5Bdevelopitg world where those differences are greatest. i . il~lj 4,7 39 4 .19 t] 18 65 119 

rHti-ill (119) 1,1-1 I , -J 1 262 495 
Urban and Rural Mortality Rates ,-pdI (19) .I (13 Iri 2d 1 1.1 r) 211. 

9/ 130 15, 1,11 111 ' 1 '16 202Mortality rates are oltl of the nm,st uisefil tld iilporltit i(,0,lel ,,l 7/ 8'. 118 1 1 1 .i1 137 188 180 
itdicators of the effects (ifdifferences in overall Iiviig iha~la (.41)(09)9 9 88 (5/) (83) 1:)2 116 

Jordinrl (G6 71 88 7, 85 96 1:73 100(on(diti(iIS, ililudill housitig, access to )otal)le water, Syr, 56 o 31 3 /2 78 115 95 
saliialiotn, eduicatioii, health care, 'r r'; -17 5/ 17 90nutritiori, ald ilicoitne. , 39 62) / 98 

SI. 'x;ki 56 51 613 1 1 1 4 ' 87 84During tile Ihistrial Revolutioii it]lirotIe atild North -if; s )a 5 (13 81 90 83 
America, liortality rates were higher than bhith rates itl Mf),r4., .17 42 16G 68 61 
itiost urbai areas; their i)lItatilltns would have d lediti l Note: Fx.,I).,, I, , . >,5,,1,i,,i,,, , , ,1 

Source: /iir;)ri ft frri ll.N e I , r ,.()[ r C , I.,r forllrrl, r I , ih,without a constatit influx Of people frotiI the coutitryside. I,, ,. -rr. 8 ,,.r,, (V,,4,, (>,, ,,i ,,'r, , V, 8 r,,;, 9, r)1 
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~i~jo~ lt~s~~io be~wosethn n rural areas. For faiities, UXN data show that by 1983 only 39 pecentC&"_eipl infanhtimotality in Nairobi,,Kenya capital awd the rural population iwreprtn conries hadacs
 
>. largesf'citki 30,-p~i6ircenthni-if~uriiiit 6 -R dii ki ng-waterocopare d1677lpercent, o t '
- sfe 

counryside. By: c~nrtst;,the mortalit'rate in Mombasa,V urbain population, Similarly, only 14 p eet ofpeop'le in
SKenya's second largest ~city and major pot is 40 'percent' rural areas had access to sanitation facilities, compared to~lower than in nearby"rural areas i8.,' 52 percent of urbandwlrsiths cnres21.(e

SInjladditi'n,~health iurveys in squatter communities or Table 3.4.)

other city 'districts' with a,high proportion of low-income 
 Tables 3.5 ad 3.6 show. water and sanitation data for
Sresidents 'oft'en show' higher~infant moitaiity 'ates than individual countries' The 'pattern of a higher"proportion,
survey& madle in rural areas, even if the city average is of urban than rural populations with access 'to piped. 

'lower than the rural 'average. An example is the slums of water and sanitationV isconsistent across ~a wide spectruml
Haiti's capital, Pdrt-aii-Priiice, where the infant mortality of countries and regions. However, somne care must be
 
rate~was 200 deaths per 1,000 live births, with another taken' in inte'rpreting'these data-access 'o piped water
A 

100.,deaths 'of children' between the, ages of I 'and 2 includes people livng within 100 meters of a piped sup-,V 'yearsnearly three?.times the' mortality rates' in rural ply, not just those who have running 'water Carrying
ara~9.natiortality rates in the,"bustes arom 

,New. Delhi, India's capital, were 221, per 1,000,~but they and it' is time 'coiisuming -quite differenit, from having a,' 
(slums of water paiblic'tap 100 meters 'is hadwr 

~Were double this figure for some castes (20)..In Manila, piped supply in 'the house. In'additioin', piped water is not,*the infant, mortality rate in the squatter communities was guaranteed safe. The 9water, supply in many cities iscon
three imes that of the city. ~"" , 

'tamninated, often from sewage seeping into the pipes of,.
toWaerPtabe nd anittio the water distributioni system when water pressure drops

Access n aiainbecause 
' 

"oPtbeWtrof o'verloading or poor maintenance.~.,,

<Facilities The statistics"'on access to toilets arid latrines in Table
-

Th United-Nations lau'nched ithe International Drinking 3.'cnasbbeiieug.Mnypoldsgedh"d S~'"" 180.in~n~' W~''S"l "~d" ffrt aintained latrines ar armajor cause of infection, espe-Water Supply and 
' 

anita tion Decade in 190,na 'eciort ' -dniystlments' areer 
- to improve, access to potable wa'ter'and~saniitation in'the yihg-distete an weeny'Thids patWoldb' ~ er~ shared .byi many Event relatively, sophisticated flush toilets

suad goernmntsto oc' as is'common in tenep~"'inu~, hglie~pr~rit. n be centers of infection when, 

water and sanitation services,, cosdeal efor hasso~hepbadngh~
 

'been dev6'te*'' to considerabl&effortK hasshare a-facility. oss 0o oepol ' 
" bewaer ad' collecting, informato 9on access to ' 

Most of the"'data come from U.N. questionnaires cc, osngCniios' 
9'"-'~pleted by indivdual'governments. As s~uch, 'the 'data m~ay One of the, few standardized indicators of housin condi\,ontain errors aind overstatements that the United Nations 

' 

tions is the' iumber~f persons per room in occupied ' 

's9'sittle capacity to correct. But the statistics strongly housing. Yet the statistic is a limited, measure, of condi ~" 
"'' indicate that' rural populations have poorer access' than" tions because"'it does niot'icluide information on room 
- ~'"urban populations' to safe water supplies and 'sanitation' size,"quality of constrution, cost' to'~the ,inhabitants and 

Table 3.4 Total Population with Access to Clean Drinking Water~and Sanitaion Fcliis 1983''
(population in thousands; percentages in parentheses) '' ' '~i.j~~'.9"' 

PPoulation With Aclst! 

ANumber of Reporlingt Poualn~ r ~ ~ RIl Ui Rdfali
 
WHO Region Counteflbntoles5 Total ' '!Urban I-Rural Ttl by,HClbyp~lla~bTC(Z"t
 
Africa 26 270,965 65,481 205,484 '2"37,914 221.152 17,424 52,372 8,35'7.815755 V4,877~ 1~s

(24) K'(76) ' (-,61)'j2~~ (26) (68) 25)82~?('~ 

~ Americas . 24 - 367,525 246,098 .'121.427 '182,088'.170,397, 25,680 "44,358 109,089 96,671 43,183'91~4,615
-'(67)4 (33) (85) (40) (80) ~ 

4 (18)' 
'"~-Souihemtasina" -' 9 4 1,076,049 253,160 822,889 A166,521, 4,525 2,610' 356,721 '77,963, ' 854 ~4,509 57,834 442 

.9'') 74?, -p ' (24) t (76) (66)'' ' "'(43)~ (31), "<~~~~ (7).~ 
Eastern Medferfraniean 4 'K 12 i 139,813 45,396 94,417 37,206' 12,350 5,044 23,614 ' 25,447~ 5,8 6,616 5,0372 ~ 

- (32) '(68) -''-(86) A~V'"' 26) J""''(64) 
4 

(7) 
Wesernacific 21"'" 180,804 7,2 1867 23,71,8p 5,2 48871W 233539819475,1 

"9''''('40) " (60) (70~ '4~'' (45)4V (80) (57) 

Totals' '" '2'"'94~)~ ' 2,035,156 682,262 1'352,894" 447,676 226,927 56,180 525,936' 251,609" 11'1,651~ 92.300 158,786" 

HC. rsH cornionVT 

puliPSS 8 ' '9"'c 
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Table: 3.5 Percenitage of Housing. Units in,,. Table &7 Average Number of Persons per 
~ Selected Cuntries with Access to 'ipe Wae-' ci nUbnadRhlAreias for Selected ' 

p1975 84 Countries, 1975 84 , lT 

4 ... ~ ~Total 6'- Rumii'~ Utn 
ric 

Cameroon 22.0 57.6 7'9 Tumonsi 1''',2' 1.2 
Egypt b 35.1 69.2 55 Canadia 31: .8.2 

l."'Malawi 12.4 62.1 8.6 Canba 0.5- 51' ''0 
Tunisia 4. . CubE aado 3.3 450 14 

North and Central America 473. lSva 22. 14l 
Canada 99.5 .99.8 97.5 Greenland 1.5 2211 
Cubal 74.1 90.3 359 Panama 1.8 2,1 " 1.6
Panama 7.95659: Uru~guay 2.1 2.1 2.1 

South America Iran 20O 2.2 1.8 
'1.2Bolivia 39.3 842.8 Israel 1.4 12
 

Brazil 53.2 75.8 3.2, Japan 0.8 0.7 08
 
Uruguay .80.6 87.8, 41.7 Pakisan 3.6 3.8 3.2 

ASra 8. Lanka' 2.1 2.1 2,3 
Indiab 90.4 94.0 Bu3Czclgaia 1.0 , '0 9 1 
Japan 92.7 95.0 845 Cehsoaa 0.9 ~ 0.9 08
 
Korea Rep 1 51.2 83,1 23.5 Finland .0.8 " 08 08
 

S/ Pakistan 20.3 58.3 5.4 Francey 0 0 
 0Sri Lanka 17.3 46.5 10.9' Hulngay 10.2 103 101Thailand 13 9 '79.4 . 2.6Z oad1. 311 
.SwedenEurope ~. 0.6 0.6 0.6 

Bulgarlad 66.0 84.4 43,63 'Source: Adapted tram United Nations (U.N.), Compperdum of Human Setemwents Statistics
Czechoslovakia '' 91.6 97,0 80.1 , 1983(U..,NavyYorki, pp,21985), 251-263,
Finland 90,6 '* 95.2 82.'
 
Hungarfc 81.2 94.4 65,8,


' Polantd 69.7 90.1 37,1 .'
 

Oceania ' 69 terms of persons perroom, suggest that overcrowding is 
French Polynesia 89.6 99.9 769 more of a problem in rural areas than in'-urban areas, 

Notes: ''.although in sortie countries,' notably Japan, Sri Lanka, And
a.Piped water refers towater provided within housing unrts bypp trom commun-ide .fs.4 

tems or trom individual installations sucth pressure tankis source must Bulgaria, the reverse appears to be true.as and pumps Water 

be within 100 meters ofdwelling. '
 

b U.N. Statistical Office, New 'rbrk, unpublishred data. Access to: electricity, sharply distinguishes urban and 
c.Distance tram dweiling to piped water source not specified. (e ~.l 'Q'11 

Souce Adpe rmUie ain (U.N,), Compendium of Human Settlement Slabtics, rrli h lcrct ifr itebtenss
 
rural and urban areas in~Europe and North 'America, in
 
nearly' all 'developing' countries access, in rural areas is
 

the level of security provided: middle-class apartments much 'more limited' (22). Although electricity is probably

'are indistinguishable. from' temporary shacks. Even as an 

. 

a high priority for miost rural households, compared 
,'
 

'not 

~'index of overrwding, the number of' occuipants ismnade- to safe and conivenient water, supplies' anid health care.
 
quate 'because the definition of. a room varies and differ- ei yices, for example, it is. an' indicator 'of differences in 

ences in"roomt size are' not considered. The limited data' 

. 

investments' in infrastructures. between rural 'and urban 
'
 

available on overcrowding (see :Table 3.7), as measurad in. ~areas in.the developing world,'
 

Table,"3.6 Percentage of Housing Units in Table 3.8 Percentage of Housing Units in
 
Selected Countries with Access to Toilets and Slce onre ihAcs oEetiiy
Latrines", 1975-814V '19eece7outis5ih-ce8o4lcriiy 

'I~ ~~~~~ ,4. ua ~ ~ ~ ' i: Ura RTural~Uba 

Cameroon 72,4 92.8 64.2 'Africa 
North '& Central America Cameroon' 5.9 19.2 0,5.

Canada 99.1 99.6 ' 96.9 ' Egypta' 45.7 77.018 
Cuba ' "' 91,1 .95.8 79.7 Tunisill '34,2 68.2 6 0 

"~''a'El Salvador 62.4 92.2 ' 37.2 & Central America'North 

Panama 87.0 96.6, 75.5 Cuba 98.6 '45.7 ''82.9 
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Table 3.9 Availability of Complete Primary 
Schools in Urban and Rural Areas 

Complete Schools 
(percentage of total)Countries urban Rural 

Cou..... .y ,,( Ca ,' it
U - oHxd) 

UI) to $1'20 (e:.Lau'L I> 53 36 
b7 49 
72 3$5 1S75o 1 7 C,-:1 $1 

Over 
' 89 !o;

,1M $!1500, G 100 99"1f'r 

Atri 16 79 54 
A I~ 1 57 4jS94 66~ 

SLW mnmCir drr.,,:,, 10 08 3 
,5 98 99 

Source: J,r ' ',, ,,, 

Education 

Urban dwellers generally have better access to s.iools 
than (10 r-ral dwellers. "blethando ura dwller.3.9 show!,shwr tile percentage of'hbl 3. te lercntae~ 
prinmary schools offering a comiplete number of grades iiu 

rural areas compared with urban areas. Rural areas are 

consistently behind urban areas in all develolping regions,

As atresult of tlis differential access to schooling, tile 

edu,_ational levels Of urbanl populations tend to be higher 

hai thiose (f rural areas. (See lib 3.10.) 'Through u 


the thvepiigrwrld,areshiger lirolortl n ofTroualhpope
tie developing world, a higher proportion of rural leople 

Table 3.10 Distribution of Population Age 25 

Years and Over without Schooling in Selected 

Countries, 1970-81 

(,(',, ('UI) 

Year of Percent 
Data Urban Rural 
19,71 7,3 ,899

Ulr,,eroo,, 1976 570 78 411,Mur(x 1971 826 978 
CIiiii 1981 19 ? 3
Cutt R,i 1973 !2 23 G 

Cut). 1981 
 20 8 1D)oFfli,:,ill Rpubibc 1970 229 528 
El S,.vadur' 1980 155 42? 

Gt r ~'li1973H-rdur&" 852 98 71974 295 64.5 
Parvaria 1980 03 1 1
Puerlo R(co 1980 409 63 1BOuriti 1976 232 650 

Bra,l 1930 
 228 s 7Ch'lolit 1970 83 298Culo, La 
 1973 14 2 38443.iicale 

1972 113 255
1980 724 91 5 

IdiCte,;;a 1980 2,14 45 3
Japar 1980 
 013 0 7M,1lit.s'a 1970 325 475Polatnd 1978 1 5 4USSR!' !979 276 508 
Note!s: 
d 1, y rtxir;nI J lrId

Ib]..... arad oldurSource: U'tled 14iltorv IIdLcitlurwi Swfi~tifc and CullaLuru,, 9 
': I COl L193CC)'S:iaisfc, l Y !iutN o 84 uua 1985 (u1 SC0 Par s 9I94, 

lack schooling. In addition to availability of schools in 
urban areas, it is also the better educated young )eople 
who frequently migrate to oran areas (2:j.

)espite tile availatiilitv of educational services ill urban 
areas, ain estimated 40 million urban children in the 
Third World do not atttind s(hool. Even where schoolingis available, Imany cannot go because they work. Inmust 

Calcutta, for example, over 60ipercent of all school-age 
children do not attend school because they work in teashops or in the homes of wealthy families or they mustlook after young siblilgs (2, ). Because these many chil
dren are forced to work, it is estimated that nearly halfof all school-age children in the ThirdA WorldWorld (both(both urbanrb94 

and rural) drop out before they complete fourth grade (25). 

RURAUURBAN DYNAMICS 
The dynamics of movement between rural and urban
 
areas are often extremely complex. Although the world
 
continues to become more urban, movement is not just
 
one way-froio rural areas to urban centers. The importahce (if urb~an-to-rulral mnovemnel it i11 somne develop~ed

tains ha aI ra b eent in [hidorld
 
nations has already been note(, i many Third World 
nations, rural-to-rural movements are larger than rural-to
,,:ban shifts, usually as a result of new land colonization 
programs. There are also slhstaPtial urban-to-urban and
 
urban-to-rural movenents in Ust natious.
 

Many people who move to an urban area do riot
expect to remain there perlanenitly (26). Some rural-to
urban migrations are seasonal, for example, farmers and
 
agricultural workers who go to cities when 
 farm work is 
sparse. Others work mostly in the city in order to send
 
money back to their families in the rural areas. This
 
arrangement is common in many parts of sub-Saharan
 
Africa, where husbands earn cash in the cities (or mines)

and wives tend the farm and raise the children.
 

Changes in the economic and social structure of a soci
ety are the most important influences on population 
movements within a country. Tile rapid decline of therural population in most developed countries during thiscentury was due in large measure to two related factors: 

most new jobs were nonagricultural and were located inurban areas, and intensification of agriculture through 
arclue~ru 1mechanization, use of fertilizers and pesticides, and 

development of high-yieldino varieties of grain and other 
food crops led to a greatly reduced demand for agricul
tural labor. 

Such ciianges are also evident in some areas of the 
Third World. Increasing intensification of agriculture hasreduced tile number of rural jobs. Mechanized conmer
cial agriculture tends to increase the concentration ofland ownership, pushing small-scale largely subsistence 

farmers off their land. 
But rural-urban migration i m uch of the Third World 
m

is more directly related to survival. Rural population
growth is often rapid, in spite of increasing urbanization. 
Although there is no guarantee of an adequately paid jobin uirban centers, many people lose all] possib~ility of mnakc e poinv a livelihood ill rural areas. 
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Links between Agricultural Development and In mary cases, the imlpact of the Green Revolution in 
Rural-Urban Migration (27) Asia and the development of commercial farming in 

!;tin America have increased agricultural production and 
Agricultural developlent can go hand in hand with ris- productivity at the price of impoverishment for many 
ing prosperity for nialy lcal )eol)le and with ral)idly rural peop)le in tile area. Inequitable laod (ownership was 
increasing numbers employed in agriculture and agricul- a principal caus(,. 
ture-assoc:iated jobs. It can also go hand in hand with A second critical factor is the type of agricultural prod
rapid impoverishment for most of the local population uct being produced. The labor needed per hectare of 
and the consequent migration to other regions. Box 3.1 land can vary by a factor of 100 or more for different 
illustrates the first point with the story of agricultural crops and products. At one extreme, pastoralists may 
development in the Uipper V"alley of the Rio Negro in need 100-200 hectares or more per person. At the other 
Argentina. Box 3.2, on the other hand, focuses on a extreme, an intensively cultivated farm of one or two 
small region in Brazil and illustrates what can happen hectares can provide a reasonable living for an entire 
when government policies designed to encourage agricul- family (29). One reason why Uruguay is among tile 
tural develolpnet lead to more ralid rural-to-urlbai world's io)st urbanized nations with so much of its urban 
mi gratio, polpulation concentrated in Montevideo, the national capi-

Several factors help Ldeterineic th balaice Cbetwee t;l, Is because of the economic importance of cattle 
these two extremes (28). ()c critical factoir is colicentra- ranching. Cattle ranching requires largie tracts of land,: 
tion of land ownership. Vhen land ownership is concen- and relatively little labor. Concentration on this form of 
trated in a small group of l)e(ilptI, decisions are likely to agriculture, combined with inequitable land ownership, 
lie based (oi maximizing their individualI returns rather icans that only a relatively sinall rural population can 
than on inaxiniziiig !,eturns to the entire local popula- earii a decent living. Further, cattle ranchers usually deal 
tion. If there is alsi a roalI labor surplus (usually tile directly with banks, export houses, and industrial, trans. 
case), landowners can kee ) wages low. Then agricultural portatior, and retail enterprises in the national capital, 
production on plantations or large farms can Ibe highly with little or no stimulus given to businesses in smaller 
profitatle-without raising the level of income among urban centers near the ranches (:ioi. Whereas, in the 
local peol)l. I;rrge landoiwners imay also seek to Cxpalld Upper Valley of the Rio Negro in Argentina, many small, 
their holdings, thereby driving snall subisistence farmers relatively affluent farmers bought goods and services 
off their land, as in Brazil. (See Box 3.2.) In the up)er from local enterprises and stinulated local urban develop
valley of tile Rio Negro in Argentina, land ownership was ment (see Box 3.1), Uruguayan cattle ranchers stimulated 
distributed more widely, with most farmers able to obtain business in Montevideo. This steering of profits from local 
a good income on relatively snall holdings. (See Box 3.1.) business and employment to other locations is a third 

Box 3.1 Balanced Agricultural and Urban Development m 

Development of the Upper Valley of the Rio relatively equitable: most of the land came to land and picking fruit were built. 
Negro in Argentina illustrates the possibility be farmed by farm owners who had sufficient In 1957, the two national territories in 
of positive links among agricultural, rural, capital to invest in intensive production. Rela- which the Upper Valley was located became 
and urban development. Within a 700-square- lively small farms producing a good income provinces. This change considerably increased 
kilometer fertile river valley, the total popu- were the norm. power and resources available to the provin
lation has grown from around 5,000 inhabitants The growing number of prosperous farmers cial government, and one of the Upper Val
in 1900 to more than 300,000 in 1981. was a considerable stimulus to local urban ley's urban centers became the provincial cap-
Although growth and diversification of development. Despite the region's small area ital. As the provincial administrative machinery 
agricultural production have been the main of only 700 square kilometers, no single domi- grew to meet increased responsibilities, this 
engine of growth, more than 80 percent of nant urban center emerged. Rather, a chain also stimulated and supported urban develop
the Upper Valley's population lives in urban of urban centers developed around railway ment, although thih stimulus was confined 
centers with 5,000 or more inhabitants, stations along the river valley. Each had shops largely to the provincial capital. 

One hundred years ago, the first colonists and businesses selling to farmers in their Although the Upper Valley has not been 
had just begun to grow crops; establishment immediate vicinities, and they shared special- without economic problems, it illustrates how 
of a military fort there in 1879 provided the ized businesses and government offices that growth in agricultural production can be 
nucleus for the first town and provided much served the whole valley, linked to growth in employment related to 
of the demand for food and fodder. But the Increasing agricultural production also stimu- agriculture and growth in urban centers. 
Upper Valley's prosperity began to grow when lated many urban-based enterprises. First, cold 
a railway linked it to Buenos Aires in 1899 storage plants were built. Because fruit crops References and Notes 
and thus gave local farmers access to both usually ripen within a relatively short period, 
national and international markets and when the transport system is strained during a small I. This box is based on Mabel Manzanal and 
government investment in a dam and flood part of the year. Cold storage plants allowed Cesar A. Vapnarsky, "''he Development of 
control-irrigation system encouraged intensive the packaging and transportation of fruit to the Upper Vailey of Rio Negro and Its 
agriculture, be spread over a longer time. in addition, Periphery within the Comahue Region, 

For the first quarter of the 20th Century, in- industries developed to produce packing Argentina:' in Small and Intermediate 
migration to the region was rapid, including material and boxes and to produce cider, Urban Centres: Their Role in National and 
many foreign immigrants. Initially, alfalfa was apple juice, jams, and dried and tinned fruits. Regional Development in the Third World, 
the main crop, but it was gradually replaced Industries also grew to support the farmers; a Jorge E. Hardoy and David Sitterthwaite, 
by fruit trees-particularly apple and pear. large agricultural chemicals factory and a fac- eds. (Hodder and Stoughton, London, 1986). 
The land-owning structure that developed was tory to produce machines for preparing the 
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Box 3.2.Growth i ura,,-overty,Agricultural Production, Rural Poverty, and Out-Migration I,--)ricu. 

mCzdas.mas:inthe-Reonao'region ti1s;the-cash-hey-sent -back to -the- fam-- Btween -960:and1975 there' was-shar''of Nodrth'east' Brazi.Most"'famers'lthere culti- wasimortant for many. househlds2.'But as-72 drop in the 'number' of tenants and sharecropem:vate cassava (the main subsistence food fail' members moved, the'mix, of croPS ' as ?,Government policies de l nd to encoiiraecrop) and citrus fruits or tobacco as cash adjusted to the avallability of'fewerlaie:rs, gowth in agricuitu,rual poduCto,aso .. ,A,crops for sale. Small amounts of other food The Brazilian Government has encouraged encouraged concentration of landownership crops for family consumption are also citrus production and supported it by favora- and migration from this rural area, most of grown, " ''' ble prices,'As a result, citrus production has which has beento cities,
Iladitionally, farmers' choice of the mix of grown at the expense of andcband " hcassavaen isote ;crops was based largely on availability of land However, citrus'productio. requires less' labor . efen a-d Noes A 

'N ....and family labor, Farmers with small holdings and more capital than cassava and tobacco. 11This boxIs based on William S.Saint andtended to grow tobacco because it maximized As citrus cultivation, has expanded, the William D.Goldsmith, "Cropping Systems,farm income 'per hectare. When family size'. ''demand for labor declined and small farms Structural Change and Rural-Urban Migragrew too large for the frm income, to sup- we'e absorbed by larger farms, resulting ina tion in BraLil,' World Development, Vol. 8port, family members commonly migrated to sharp rise in migration from the area.. ", (1980), pp. 259-272. 

factor affecting agricultural and rural development, with a largest metropolitan centers) have benefited most from 
resulting impact on rural-to-urban migration. Such a government incentives to promote import substitutional of profits can also result from foreign or absen- while someof the poorest most rural states benefited 
tee ownership of large commercial agricultural enterprises, least (33). In Nigeria, indirect subsidies from national trade 
Macroecnomic Policies, Sectoral Priorities, policies have favored enterprises in Lagos (with more 
and Rural-Urban Dynamics (31) than. 5 million people) and the region around it (34). InThailand, enterprises in Bangkok, much the largest city,
Virtually every government policy, action, and expendi- have benefited fror import substitution policies. By theture has some impact on urban or rural distribution of end of the 1960s, protected industries in Thailand weredevelopment and the form that it takes, Many, powerful given full duty exemption for capital goods and raw .influences on rural-urban migration arise from govern- materials (most of this protected industry is located in 

4 

ment policies with no explicit urban or rural purposes. Bangkok) (35).
The extent to which government policies and actions For countries that are traditionally major exporters of
 
A help concentrate population in capital cities is illustrated agricultural produce, the exchange rate of the national


in Lima, Peru. With 4.4 million metropolitan inhabitants currency against those of major trading partners affects

in 1981, Lima was 10 times the size of the next largest the return that export crop farmers receive. An over
city, Arequipa. A 1985 study, concluded that "Lima has valued national currency to cheapen imports reduces
received a disproportionately high share of infrastructure farmers' returns. One reason for rural-urban migration inand public investments, a response to the more vocal Nigeria during the 1970s was the fact that oil exports
political pressures in the capital and greater awareness of kept the'exchange rate of the Nigerian currency highthe extent of public service lags in Lima than'elsewhere, against the currencies of 'nations that had previously
Utilities such as water and domestic electricity have been been major markets for its agricultural exports. Thissubsidized heavily in Lima. In an attempt to rationalize policy led to extremely low prices for export crops and 

'A 

the invasion process, the government has supplied free lowered the costs of imports, including basic foodstuffs.
lots in many peripheral areas to migrant households;' Rural incomes suffered and urban consumers benefited
mortgage finance has been heavily subsidized with most (36). Similarly, the fact that the Argentine peso became
 

Aof the loans made in Lima. Until very recently, gasoline increasingly strong against the U.S dollar and currencies was priced far below the world price, again benefiting ' of other nations to which Argentina exported during the,Lima because two1thirds of the country's motor vehicles '- second half of the 1970s seriously affected the income of are concentrated there. Food prices have also been subsi- ' farniers producing export crops (37).'
dized, shifting the internal terms of trade against the , The governments of many developing nations set pricesrural 'areas and resulting in heavy government support , , for agricultural products. These.price-setting policies canfor the food import bills for urban consumers The per- , be designed 'to accomplish several goals. They can favor ' 

. 
siste'nt over-valuation of the currency harmed the agricu -, urban dwellers by keeping1ood "costs low, or they, cantural areas and natural resource regions (i.e., the periph- '',' stimulate agricultural deveimprnent by creating 'attractive i ''A 

ry) by eroding their exporptentiad, and subsidizing the price. incentivesfor grdeter production. A study of .ain focus of import demand, Lima itself (32) ., agricultural pricing-iii Thailand, Egypt, Argentina, andManygovernments have tried' to support industries Pakistan found that government intervention in setting
producing import substitutes with policies that have sig- ' crop prices had th'eeffect of taxing thfariAsector with
nificantly affected rural-urban nigration. Inmost insitances, lage income tansfes oAiareas(3))).A I Pkistn, 

,d 

.
industrial investme sulted in concen-sb zing ha ' , low urban food pies have helped to keep wages low intrating productive investment (and people) in the largest industry, which, combined with the low, prices of cottoncities-often tle national capitals. In Brazil, the states 'of , and 6ther raw materials, helped maintain export indus-SaoPaulo' and Rio de Janeiro (containing Brazil's two 

' ' 

'tries' competitive position in the world market (39) ' 

AA, A, 
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Fariners in miany sul)S.-ahiiran African nalions received rather from the redefititioii of what constitutes an uran 
less than half tie world inlrket value for their crop.i area. 
from governient crop-purchasing agencies. ()iieIaitili l)uriig 1978-82, C(hin:':; urhait popuilation grew an 
reason for the rapid decline inc(c(ii production in average of o.Ipercen it a ,t'ar (". This uiipr:;mSiVe growth 
Ghana from 1967 to 1983 .as the h,. !a': :,n ;d 01 rate wa.; dte to several fit-tois that tocctire(l iii the post
farmers )y the goverimneit through t1W Cocoa Marketing MIa( period. First, duriig 19' and 19719, iany of China's 
loard's pricing policies (.to. subsequenitly revised young people reilled against Itic hug-standing(hana educated 
its agricult ural pricing POliCie., in 1983, with a su bstantiai policy of se nding new graduates to rural areas, and iany 

positive effect oin agricultural pitiuctioii and iico[Ies. who had been exiled from the cities during the Mao period 

practiced civil disobedience vrwe 
how governiient policies helped ensure that the Mexico return hoie. Studies of one citV show that intre than 
City Metropotlitan Area reiiained tI(, niain focus for two thirds o the in-migration during tilelate 197(s was 
rural-turban nigratitn throughout tne 19501s and 1960s. returnees sent to the ciiuntrvside during the Cultural 
The Federal IDistrict (tlie central pat of the metropolitian RevolutiOn. Sectin d, changes iii econoiiiic policy during 
area) received the highest shre of public investment ii tile post-M-io period made it poissible for peasa nts to 
transport, water, am1d Power, a "disproportionately large become entrepreneurs, selling agricultural produce atiid 
Sharie".* i4of ttital outlays oii education al subsidized hoisehold products at village markets. Third, in 1979, a 
prices for water, corn, electric Power c:,asel fuel, and number of jurisdictions that had lost their city slatus in 
pul)lic traiisportatiin. Further, railroad freight rates "were the 1950s and 190i)s were reclassified as urban aireas. Ill 
structure(l to favor routes to and from Mexico City" while addition, soic to' . is expanded to forii new cities. 'l6gether, 
prioperty in the Federal )istrict ''was relatively under- these ineasures account for rnost of the 12.5 m illion 
v;duted for tax purlposes anId other states were taxed at increase inurban opulation in 1979. 
relatively high r ites" (.i:u. Mexico City and its wider lii 1983, however, China's urban p platioi suddenly 
iietrIpolitaii area also received many of tile new ind is- swelled by 301liillim. aii iliirease it 13.1 lercent, when 
tries eiicourged by the federal iliittrt suilstitution p,licy. 11 cities were either newly created otr r,'instatel as urban 
Thus mnaiiy gt,'ereiiiiiit Ioilicies aiid expen(itures areas through redefinitiiui it soic rural areas and expan

whose objectives are social, eclooiic, or potlitical have sion of the boundaries of soime citie2s, particularly those 
major inipacts on urbai and rural develtpmnent, effectiig with populations between 5(0t0.)(1 and 2 niillitn osi. An 
rural-to-urban inigratimn. As one study stressed, "elininiat- estimated 71) percent of the 1983 urban poplatiatii 
ing sect()ral (listtortions da nih for decenitralized growth was dtie to redefinition and 

A recent study of developient ill Mexico 0 ) illustrates until they \ ahowed t, 

o tire boundary expansin; 
developienI thamu all tilenyriad spatial efforts conven- only 30 percent was due toi migration o.o). 
tionally proolsed by Third Wo rld policy makers" 4ii). Beginning in 1981, even miore dramatic increases in the 

turbain population resulted front adjustrments in tile criteria 
Government Structure and Rural-Urban for designating incorporated towns. Previously, in order to 
Dynamics be inciorpi tated, co ininities were required to have p)tpu-

In'Third World nations,piower i(I resources are frequentlv highly lations of 3,1)1) or intre, with at ltast 70 percent of the 

centralized in tile national governnent, much iore so total categiorized aisniagricultural workers eligible fo, 

than iii developed nations. Ijocal gotverunient employees grain rations Slit. ('liwius with populations of 2,500-:3,000 

inmost developed couintries usually outnunber their (Italified as urban iareas if 85 percent of the inhabitaints 
national counterparts. But illiiany developi r' nations, were engaged ilnonagricultural activities.) 
central givern inent emipltyves greatly outtii.ber local The new criteria ftr Urban areas established ill1981 
governient einil yees. According to a recent survey of varied by province. lii Sichuan Province, for examiple, 
local governient in the Third World, liiany local govern- conimmntiiities were required to have at least 2,500 people, 
inents are "fragmeinted, Cnftised abloit their functiions at least 50 percent of theti categorized as nonagricul
and alltoo often either invisible or largely ceremonial" tural. Gansu Province required that coiinmmities have at 
(o5;. This centralization of ptower and resources atso helps least 2,000 people, of whtn 25 percent are imagricul

ensure that g veriinent p[:iJCes 1i11rexPlendit ures tend to tural, inorder to be incorprated as ;a i rbtai area. In 
concentrate iinnational cap,,tals, whereas investiments otier )laces, tie criteria included mueatsures tif indistrial 
nmade elsewhere often do nor inactl local needs and output (51). an toThese variations inrequirenments, effort 
resoirces. take account of local reality, will i)robal)ly continue to 

change as China's urbanization policy evlves. 

has had aRECENT DEVELOPMENTS China's redefinition of its urbain populatitn 
significanit i ipact oii tile lppulation statistics of tie 

CHINA REDEFINES ITS URBAN POPULATION nation. At the end of 19841, there were more than twice 
as Inylly towns as the year before. China's tirlain popula-

According to official statistics, China's urban )opulation lion had increased 31 percent, or 89 iiillion, with 70 ril
grew from 212 million in1982 to 382 million by 1985. At lion attributed to the new criteria for urban areas. In 
the same time, the rural population fell from 804 million 1985, another 52 million urban dwellers were added to 
to 663 million (,ii). the list, bringing tIP to 382This dramatic change, however, did tile total urban PtiOllatin 
not result from massive aiindsudden population shifts, Iut million (52). 
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Such a major change in tilei( )Oil)ulatii statisti's of a to Ile ecol) oIi(ll and Social role that ah Ioi'lays il 
conuntry that countains about .1 iperceit 	Of Asia's total ev, ryday life. A "real hI e Iciiust have basic service:;
poptiulatitn-aud nearly a (uarter If the world p)1t lua- such as access i) j)(taihe ;watcr and saiitation. It Il tust 
tion-sigificantly dataoi 	 thItffccts regional Iian( world 	 aItso) giarant inhjl )abitanitsa nileasure oIf safety andurbllaniZationi. The U.N. eSIliates of CLhiia's poJItilalion in :;ecuritv. Thus a squatter household living with the daily
1985, based ol the old definitiol Of urban places, showed fear of heing bulldozed calnlot be said to have a real
China with 21 percelt Of its )o)ulatiol in urban areas. liome. I'tirther, a real hoine must be within easy reach of
(See Chapter 17, "Hunan Settlements:' T]ible 17.1.) ()it centers of enplovnient, education, and health care. In
the basis oh the new definitions, China's urbai pipLIatioll most Third World cities, there are large 	concentrati, )Ils of
in 1985 was 36.6 lI)erT'cut of t0li total. This redefinition illegal developments on the periphery of cities froim
shifts the) percentage of Asia's or lill population fron 28.2 which tile dwell.rs have to travel several hours a day toto 3,1. and from work. Similar travel times are necessary for any 

visit to health services. TheseTHE INTERNATIONAL YEAR OF SHELTER 	 tool cannoIt be regarded as.real hlunes" (Also see Box 3.3i.)
FOR THE HOMELESS 'Iie United Nation intenlds tile Year of 	Shelter for the 

'Ihe' United Nations has declared 1987 as the lInternia- Himeless to centcr w)rld golvernments' attention oil the
tilnitl Year of S;,helter for tie Hioneless. I)eparting froni a need for increased efforts to prnyide adequate housing
n Ire trauitiolnal definition of hmeessness, the United for ti le poor. Najor Oforts during 1987 will focus ilncol-
Nations has defined a iiuch larger category of people lecting infortnatio In t he extent and severity of the
who lack it "real hom. This iix'w defnition relates nlot pro blem t "holelessness" and (i pilblicizing the need 
nierely to the lhvsical structure, of 1th,dwelling but als'I for govertni.'niit action. 

Box 3.3 The Pavement People of Bombay Ii) 

Homelessness has been a continuous pro)- ceilt of thie pavement people surveyed earned and lack of employment opportunities in theirlem in India for decades. During the 1961 less than $1.80 a day, well below Bombay's 	 native provinces. The majority of pavementIndian national census, nearly 1.5 million 	 minimum wage. Gverall, 67.6 percent of the dwellers (52.4 percent) claimed to own no"house-less persons" were counted, with working men fell into this category, along assets whatsoever before coming to Bombayover 62,000 of them in Greater Bombay with an overwhelming 90.9 percent of the certainly a powerful reason to move to the(constituting 1.5 percent of the city's popula- women wage earners. Only one quarter-26 city in search of better opportunities.

lion at that time). Nearly all these people percent-earned more than 19 rupees a day.

live On the pave. nts or sidlewalks of Another finding of the survey was the 
 CONCLUSIONS

Indias major cities, diverse kinds of employment performed by
In order to learn more about the most ties- this group of pavement dwellers. In all, over If some 27,000 pavement people reside intitute group of people in India, a nongovern- 90 different occupations were listed during the only one small section of central Bombay,mental organization called the Society for Pro- census, but were grouped for analysis into five 	 their total numbers must be staggering. Thismotion of Area Resource Centres (SPARC) in major categories. Predictably, the largest 	 entire segment of the population-at theBombay instituted the first detailed survey of 	 group-33.4 percent-were unskilled workers bottom of the economic ladder-has beenpavement people ever carried out in India. toiling away at strenuous jobs as manual almost totally neglected hv itv adniinistra-SPARC conducted the survey in 1985 and 	 laborers on construction sites, as dock workers tors and planners. And their ranks are growconcentrated on one section of central Bom- and as headloaders. Surprisingly, the second ing as more destitute and landless peoplebay, which included 6,000 pavement house- largest group (21.5 percent) consisted of 	 stream in from the countryside in search ofholds comprising i,early 27,000 individuals, 	 traders or vendors of edible goods and other a better life. This group of displaced peopleThe startling results of this unique census items, usually hawked from door to door in performs important and vital tasks for theshed light not only on the basic demographics the middle-class neighborhoods of the city. economy of the city, such as collecting garof this neglected group but also on a number Self-employed people accounted for 14 per- bage and recycling discarded metals, plastic,of important trends in urban population 	 cent, while domestic servants comprised the and glass.
dynamics, factors that India's city planners :...' 	 fourth category (12 percent), followed by less Very low wages eliminate them from thehave to reckon with if they are to cope with 	 than 12 percent engaged in skilled labor such housing market, even from slum dwellings, sothe swelling numbers of urban poor. 	 as metal-working, machinery, tailoring, and they are restricted to the streets, where they 

plumbing. live in makeshift "houses" fashioned out ofECONOMIC PROFILE cardboard, canvas, and other scrap materials. 
MIGRATION HISTORY If city planners in India and other Third'[he economic profile that emerged from World countries are to begin to tackle thethe survey was revealing, if unanticipated, 	 Another unexpected finding was tlt almost immense human problems posed by slumsRather than finding a high rate of jobless- 60 percent of all the pavement people sur-	 and squatter settlements, they must alsoness, the researchers discovered that the 	 veyed had migrated to Bombay over a recognize the plight of the pavement dwelleis. 

proportion of wage earners to the total decade ago; only 20 percent had arrivedpavement population was 43 percent, some- within the last six years -his discovery dis-	 References and Noteswhat higher than the national average of :38 pels the widespread notion that pavement
percent. Like the national trend, however, people are matless transients and terminal 1.This box isbased on Society for Promotion73 percent of the men wee wage earners, derelicts. Living in the street has become a of Area Resource Centres (SPARC), We thewhile only 27 percent of the women earned 	 way of Lfe for most of them, Invisible: A Census of Pavement Dwellers an income. When asked why they migrated to Bombay, (SPARC, Bombay, 1985).


However, unlike the national trends, 74 per-
 67 percent cited abject poverty, landlessness, 
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4. Food and Agriculture
 

Record cereal harvests and continuing food shortages for 
millions continue to dominate global food and agriculture, 
Supported by government subsidies and protectionism, 
agriculture in industrialized market economies, particu-
larly in North America and Europe, continues to produce 
large food surpluses. However, there is growing concern 
that such policies are becoming financially burdensome 
and that, in the long run, these high levels of l)roduction 
may be environmentallv unsustainable.' 

Although the green revolution increased food produc-
tion in some regions of the Third World (e.g., India and 
Indonesia), in other areas, such as sub-Saharan Africa, 
food production has not kept pace with population 
growth. About 1,1percent of all cropland in developing 
countries grows export crops, most of which face gloomy 
prospects in world markets. Chronic food shortages call 
into question whether this land is being used to best 
advantage. The need for food security redluires new l)at-
terns of agricultural )roduction cal)al)te of making a posi-
tive and lasting impact on the income and nutritional 
requirements of the poor. 

Substantial increases in the production Of cash crops 
have led to lower prices for key export crops. Agricul-
tural exports provide valuable foreign exchange for most 
developing countries; yet long-run price declines and the 
impact of mounting debt on global demand have under
cut these earnings. These trends have important implica-
tions for agricultural develol)ment, allhcation of resources, 
and management of the resource base. 

A crucial concern is whether current trends in agricul-
tural production and the allocation of resources between 
cash and food crops are leading to a sustainable system 

of global agriculture. The choice of crops is crucial to the 
sustainable use of land and other resources. There is no 
general rule that either cash crops or food crops are eco
logically more sustainable; instead, the main concern is 
striking a balance between protecting resources and earn
ing foreign exchange while improving conditions of the 
poor and malnourished. 

The environmental costs of increasing production in the 
United States and the European Community (EC) suggest 
the need for reforms. Recent farm legislation in the 
United States attempts to combat both resource mis
management, especially soil erosion, and surplus produc
tion. In the EC, there is concern that excessive use of 
fertilizers is causing environmental and health hazards. 

Technological innovations in Third World agriculture 
may offer the best possibility of increasing production of 
the basic sta)le food crops. Investment in ecologically 
sOeund agricultural techniques for the Third World has 
occurred in three major categories: alternative agricultural 
systems, such as agroforestry and intercropping, that 
enhance productivity while conserving resources; new 
high-yielding, low-input varieties of staple crops; and 
biotechnology. 

CONDITIONS AND TRENDS 

AGRICULTURAL OUTPUT: TRENDS AND 
PROSPECTS 

Underlying the recent expansion in global agricultural 
output are many important variations among regions and 
types of produce. 

N'od,'to , res IUB7 
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'Food,and Agricutdr''$§4 

k1971 i7' 97 "1980 "~ .1981h' 1982 , 1983', 1984 1985 

.Eastern Europe . 608.5 4 196 26 37 

adUSSR 242.8 263.3 265.9 264.1 4:,i 2 34 ,6 ~261.7, 272.5 2599 '' 2737' 
.~Total' Developed 709.9 705.3 772.7 796.7 840.0 870.1 754.4' '882.8~3 917.4 

Africa '434 
.45.8 

441 43.3 50.7 48.7 51.8 44.6 ~~o.59.7 ' Latin Armerica 72,6 780O 86.1 88.5 104.4 105,2 98,6 10G6.9"i~112.4Near East 44.0 45,2 51.5 55,6 59.7 585 56,1 154.0 61;1<FarEast 2095 211.3 252,2 273.5 289.7 276.3 ' 316.9 319.5.~'*.Asian Centrally, 321.4 
Planned Economies 236,3 249 1 2720 '303,1 310.1 341A4 373.3 3950' 369,0 

'Totals Developing '605.8 .. 627.7 705.1 771.5 812.8 ' 833.3 889.6 921.2 923.6~ 
'World, 1,315.7 1,333.1 1,477,8 1,568.1 1,703.4 1,804.0-1,652.8 1,644.0 1,841.0
 
Note: a Toals may notadd due torounding.


~1, United Nations Food and Agricuitufe Organization(FAD).Product on baibock 1972,1976.1980,and 1954(FA, Romna1973,1977,1981, 1985)

2 UnitedNations Food andAgricuiture Organization FAOMonthly Bui ot01Staiistcs, Val,9, No 4 (1986) 

and 

(FAO), 

Supplies of the world's cereals-wheat, rice, and coarse N'oncereal food production also increased steadily since"
grains--will' likely reach recoid- levels in 1986-87. 1he the early 1970s. Only Easternv Eur pe andii'd lie Soviet, 2 

; Uniite'd Nations Food and AKgiculture' Organization (FAO) Union experienced litle gowth. In 1985, for the first>forecasts cereal supplies at '2.058 billion metric tons, some time, developing, nations outp'roduced 'developed nain
 
,, 3percent highe~tan in"1985-86 (1,This increase in 
 1hle4.. principalsnonfeo 


1986'-harvests. World cereal prdcin however, 
was exor crop production. Only the develjing countries of..
expetedto ropfrom' 1,84 billion mtric~ tons in 1985 to KAfrica and the'Near East experienced- no rwhi(hs '' 1,8railldon metric' tons 'in~1986, Th'e drop' is partly, ' eto duin the 1970s, an al 90, By contrast, theiliatrbtbet'nepce . p~ercenit'decline, in coarse most' rapid growth has taken lace in the Asian Centrallygaisuemainly to reduiced planitin'gs in the United Planne'd3'Eonomies(See Table 4.3.) In 1985 iomo~t
States (2.This drop could mark 'the start"'of an era' when 

' 

prices and exoteaninigs ehindr
increased pns!~" 
,surlus,'productionjV<' 'in the United'State':is less pro- ~ sure f'rom 'weaker,demand asocia'tdwithi a"'slowdowii, in

particularly 'sthe provisionis odf the 1985 Farm 
-

~1world eco'nomic: growth while'supplies of most primaryAct takeeffect, Generally, there has been an upward commo Idities remained stable. Because of their hea'vy'"trend in world food production since the early 1970s. dependence on export cropsdeloigcnteshv 
3" 

(SeeTabl 4.1) gneraly flt the:',impact,of dep,ressed world market-,Up to 1983, the-,developed world produced more prices more than1 most developed countries, '3)Face'd'~.
cereals than the developing World, but' recently: the posi- with foreign exchange constraints and huge .debt repay-.
tion 'has been reversed. Most of the rise in Third' World ments, many developing countries have little alternative ~ output, however, has come'froni two countries: India and but to expand export crop production and curb imports'
China. Until 1985, cereal production in Africa had been including agriculturalinmports.
stagnant, reflecting the devastating drought conditions of Of all the developing regions, Africa suffers from the,' 
the mid 1970s and 1983-84, (See Table 4.1.) most severe agricultural problems, whicli~are the culmina-

' 

"' ' 

'TabI&:4.2 NoncereaJ Food Production" 
'(muillon metric tons).' ~' 

1 ~ 2~'" 3'&'3IK'1971K'"";1974 13'1977K 1980 - ' '1981 , '%1983 
. 

'18 

, 

t1982 ~' 1985 'K 
'Developed Market . .Economies K'513 577.0 586.6 615,1 613.9 636.8 626.3 , 637.7 -3.''~A642.4Eastern Europe1 3,4' I'. .and USSR' 

i,

379.1 402.3 398.2 361.6 385.9 392.7 400 ,'4281 'l'~- i 89,5
"' Tota lb'Deve loped '940.4 '9984. 976.7 1,034.3 '065,_______________984.8__ -17,3I,999.8 1,029.5 103., ,658 1038.2Atrca', ' 1143"' 122,0 ""~, 13,1 ~18152.5 ',1582. 156.1 ' ..164.41 .. 167.3Latin Amenica " ,173.4 ' 1800 192.4 i200,9 206.6 211.9,~ 204,7 '?W210 8~ ~-3 2144' 

'74.6Nea East 59.1' 64.8 i 85.0 89,0 , 5r 3'168.8 95.1 100-0FE,'J 952' K '" 0 ,. 184.9 216.3 237.9 -' 2520' 2585', '62{. 246,~?420,Asian Centrally~ 
'~"~~'s'

PlnedEonme 261.0 " '273.2 
-

K2408 ,287 278.6 >. 285,1 312A5. 316.5" kT;' btl Dned 776. 85.7'"Eopnmes 82, 1,2.' ,' ,078.91'33 

';' "World'' ~ ' 33 :'r,1,717.0 ~ittI1,804,2.2 ,1 ,83. '1,3. 1197. 203. 206. 2,123.1 ~ 32,117.1 

veganK andtmelon&cop
 

'Sources~~~~ -wf ",~j2l l ' ~' 'r '' 

I U!L ti~ins 0W3,~at&n(FA ) Foox o &~bo 972, 1976,"41930. and 1994 (FAO, 

" 

Hole, 1973,'IY7,198:, nd 1985),7~ 3 
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A Food and Agricultur'e 
Table ,4.3 Nonifood Productionl,
(million mpemoctons) 

S197j1- 1974 1977,, 1980~~~1B 1982 1983. 19 1985 
-7-d~irz- -:7--'-

Economies 5.8 6,0 .60 7.1 6.3 5,167 ~ 	 >6.5i 6 6Eastern Europe :'' -	 i r	 68
4and, USSR 4.3 4,6 4.7 46 :4,6 4.7 4. .4,7 
~ , eelld , 10.1 10.6 11,4 10.6 y~11.7 11.0 9,8, 	 :>1.Toa~ 11,5

!' Africa 	 3,93, 3.% 3.5 368 	 3,6 - T67 i,~Latin America 64 7 1 6.6 6.9 >80 7 7.3 T3 7.4 8.2 f~Near East 	 2.1 2.2 2.1 '2.0 ~. 1.9 2.0' 2.1 2,1 2.1Far East 	 102 10.4 10.8 11.4, 11,16 114 11.3 12,2 134Asian Centrally
Planned Economies 4.2 ~ 5.5 4.8 5.9 7.0 8,1, 84 109: 10.9 

Totaib Developing 26,7 29.1 27.9 29.8 32.2 32.3 32.7 36.4 38.7 

World ,36.7, 	 39.7 39.3 40.4 43.9 43,3 42.5 47,3 50'50 
Notes:~ ar l~udes cocoa beans, green coffes tea, vegetable fibers, tobacco, natural rubber, and greasy Ywo
b. ibtals may not add duo to rounctng. ' 

*Sources:an
1 United Nations FoodadAgriculture 0rganizaiio (FAQ, Production batbook 1972,1976, IFAQ. Rome, 1577. Lind19851.1980, and 19164 1973. 1981,

FAQ02. United Natons Food and AgricutIure Organization (FAO), MonwIy Bulletin of Statistics, 'Mi. 9,No 4 (1986). 

tion of rapid population growth, insufficient' and inap- 4;i famine seeirt to be over, in mid 1986 FAO' declared that 
"<propriate, innovatio'n, cultivation of marginal and sensitive 

-

six African countries were still facing "exceptional food

lands, severe deforestation and erosion, and misguided emergencies" (3),

'agricultural policies (4).) While per capita food production Total consumption of basic food staples expanded at an

increased substantially everywhere else since the'erl 
 average annual rate of 3.3 percent between 1966 and
1970s, it declined in Africa. 	(See' Figure 4.1.) Insub- in all devel'oping countries., (Seer Table 4A4)-The"'1980'

Saharan Africa, per caita consumption of cereals has amount used directly for. food ratherthan animal feed 

falnwith production, while dependence on imports-. accounts, for about .70 p'ercent. of'the total., 

'

particularly wheait and' rice-increased, (See Figure 4.2.) Between 1980 and 2000, incrased total food demrand
 
Although the worst impacts 	of 'the~1983-84 drouight and: (i projected to exceed the growth of fod output intall
 

a'- the fact that per "
 
"' p' . eveloping regionsodspiteexcept Asia,(dcapita food production iniLatin America'' North Africa,~k ~ ~ Fgur 4 ood r~dcti ~~and the Middle Etiill conitinue.t grow. Even though1PerCapta

Asin ad frianDevloingContL tin Americas increased production rate isprojected to I 

197 i8 	 lsbe'th most rapid, the demAnd has been expading
~ :947 ?~ 	 .rapidly as well, outstripping the g'rodth~in output With

its rapid population growth, sub-Sah~ara'n Africa's food ~ ,i 

135 -consumption is expected to gi~w,3,6 percent a year,. sub-, 
10Asian Centrally stantialy outpacing, the estimated, growth in, foodoutput. >13-Plan ,nedi Economlesa Per capita food production .is projected tocieliine'in the' 

125 	 region (6).(e Table 4.4.)- ~"NiV'iC 
120 -In summary, although total world produiction of food 'is

expanding faster than pmand, causing global picsJt& p-
-

Far5-s-
---

decline, the increase' wii not keep pace with Iigioing
11 -	 populations in some regions,' notably sub-S~haran rAfrica: 

.,, 

. 

N1. Many devloping, countries are Also, increasing9 production 
"a, " of agricultural commodities for export, despite global su'r-~ 

I 

plusesand "depressed prices for,some' ccnm'rnditie . The~f 
95 	 key questio'facing planner is how agric uua resources ~ 

''r '~ 	 Africa and productiion h il e allocated to ensur s'ufficient,". >' 
i'"''~''.I~. ' 0 food for'tie' Wo~rld's p oor, stable income fo.irThiIrd MWrld'. 

85 exporters>~, a sstainablre resource bas~e for: f6iure" 
production.'~ . la;';iaa. ~<a , S"ia,> 

'aaa~ , ~ 11972'a 19Y4 17 976 k p1980 a a1982 "1984 
AGRI'ULTURA COMMODITIES: PRODUCTIONN tes* 'a ' //I, , :r AGRICULTURAL. 	 a'CnrlyPan Eomie dde Chjna, Mongolia, Domocrato K~a~PClaOs~o'AND rPRICE TRENDS,

', 'Narn and the Demc ra Peo06le o U 'tolbKorea" '' a'C- I

5~aIa indctues Bangladeshr, Eastl (ono " '" 

-
Far East 6frutan. Brune Dt aiam, Bufrna Tavor " I 
Kon,"'-~ Macau. MatayslaDg,lrIda, Indonesa., Reput4,c ofKorea, tLaos, Dc %s~lrltgi~ 	 and i'a 

Y~eNea, ~"Many developing countries depend 1on agricultural~s~pnesSrgapote SriLankraand Thai 'i 'j'i'aIaa 
'a~PitanNailoris Sr~dA ue 	 ~ a"t ~ ~ ia 

I 	

it~f a ,iae share Of export rnis ,ev of. 
Tbe**a0e u &- E'thJ mo pot~ t export cirops for the Third World are 

2ljnrUCN~ Foo ;i ~ ofe ,F coco, ugr, rubbe coto il ac,0epl
RE4'l.a,.e.i ,'l j9 1"'a.- ' ,1995) bi 

-, : ~ ~''~ ~ 	 ,~ -iet,maize, ric, and soybeans(7' $e( o~ o 
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Figure 4.2 Production, Consutin, and Imnports' of Cereals in Sub-Saharan Africai 1965-84~ 
.-o~ r m, -- -- Per Capita Production and .Conso grarnn t 

4i~~\ Consumnpion~ 2 

WNheat and Flour I -. 
1'~30 
 / 

Pfoduchon ''- . . -

Rice 

4
 

. .. ~' Major Coarse Grain 

196 190 '974F~
 

16 190 17 .1980 1 1965 1975 1980k1984' 1970 1984 

KNote: Conisumption is c a culated as production Ous net importsi~18 OfrSource: United Nations Food ano Agnculturu Ofgarzai~on. cited in,Th~eWorld BanK. WorldDevtlopment Ro 196(xodUnivrsty PtesiNew YrK<1986)i p 77.

details of worldwide production and trade of these corn- Whilqf, the gloomy. prospects for Wbrld comnmodityp

-,m>iidities.) pric,,s twill benefit.importers, develboIhgc utle that.
 

7 The real prices of most of these corrmdte hav rl exot earning ,sto Service~
 
fallen since 1960 (see_ Table 4.,5), and the downward trend their .debt, burdens will contintue to feel tihe~sqiieeze.' ln,
show~s little sign of easing in.the: 1980s. The price "u wte ,pat'atn~~iih'lance of paymient'diffkulties'~ 

~declines'can be attributed mnainly t 'teady increases in ' relied on the' Copesaoy innin F'''',,oh

~produiction~ and supply resulting froimi substantialimhiprove zlinternationalMonetary, Fund to fi.nancelsn ortfalls in~
ments' inco ils SeTbe .. xoterig of epr erig n excess costs'of cerealimot.Dr 
deeloing countries from 11 of ths o 2't 9485 iemm~ 'aee r
 

'"~~~~~~ "M~dii 90 Ing t948,fv ~ebrs mad recordotal: pucae
toac)fles.prei': ', -obaco)fel 1 pecen
The~~Itrainl oetryn believes that, only large ~.:roughly $473 million-i$8 niin' fr'xesceali 

(exludng frm 180to 1985; (8). of-Special Draw!n g' Rgltswort b the Iequivale nt of', 

aunforeseen reductions in harests cold'chage teY import costs 'and $384 milion. for, exp'ort shortfalls under'
trend '(9). ' ''''~' 7" the combined cNport shortfall /cereal impoirt fiility. 06. ~1 ' 

..Although, inenoand agemet exso ofe For five years' beiningiiMarch J,11985 "compensatory ' ocasugar, adrubber,; none' haseffectively stabilize"-,, a sistance is also bing provided by1 thle Third Lo6met Co
long-term prices in tefc'bthgrwnpodtinf, ventidn betwee thte'African,'Caribbeanii" 'and Pacific '~
 
~, these commodities in theThrd Wrld.Ifat, these (ACP) Group5 of deeoigcutis dte:Erpa
agreements, have not reduced shiort-termn fluct'uations in (ni). ~ ~ ' '
'Community 

Tabe4 reds for Consumption of Basi FE!
 
Tablje 4Tio pn o Fod Sapies in Developing Countries, 1966-80
Basic0-0O an~d22 

Average Annual Growth Rate' Pro -c~ odlin~IGrwRate 1980-2000,Sauo
ofConsumption 1968 TotalConumptol 

Production
Ttal ToFood Feedb P~4 a'a Tti Food obis 20

~~'~~rDeyeloping Couines~' '~ 3.3 32'1 432 1.0 ~,1~2.7 2. 'Y:."P" 69.3 ~ 61.8~ Asia' - '- ' '3.3 1 '13r3 4427' <.~ 
1 

7'i2.3 1 ' '9 '.4 "'75,1 'A 689Northern Afca/~, '' ''~' 
Midl East ,9 ' 3.7 4 8 "'p,6 2 '3.8~'' 2.5~'~ 6i21 ' 553 42,6.,Sub-Saharan "r Africa4242;2,5 1.2 ' 3 6 ' "3,5 ' '"5r5~ 2"' 72.7 7pLatiAmnerica'3v24 . 0.9" '~3,2 ' '23~ ,4.0~' 7~" 457 " 38,5 

aC3Based on 80iB10grcw1,I trend est~aaes Con urnpht fefers to the total domnesii use of the mnator foo~du ds, altN m-nceoqre trend and 19&0 lood'crops nrciudsr forwaste ar~othiernonftood u~ses,4
bIrrudesbranand cake Resaarfct 

' 

egtonInfiu"OX,""~ l 2 Fod Palcnaoi~Source:ILoroardo',A Pasto "Foodcin ItheT rd M)bd d stTrends ar ,dPro,xlions to-XOR 5 ttrao' Foo esarmt aus,gon DC, 1988) iTabF1.7 11 
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Table 4.5 Coniiniodity Price Trends, 1960-.85, " 	 Table'4.6. World, Comiiodit'y Production' Ij<<, ~ (1980 conslant ptices) X,. 	 ~1 

1975 	 'w4Trends, 960i-84' 9 ,1960 1970' 1975 10 1985 ( lwn ric to 3'
 
CocoaO2.05~' 1.93,4 1,98 '2,60, ' 2.36 a' l 
 Y1960 1'969' 1974-76 1980 1984 

2.81 3.45% ' 2C3ofLea '3.502,94 4,586''Y 	 Cotton0 2.27 '1.81 ~' 1.85,., 2.05 '1.38 Cocoa, i', 1,2' 5I 1 5 1.5' 16 .7i ,- ,gMaizeb ' 1,90 167.30 190.50 12530 117.50 Coffeo 8 .9 4.3 43 4.7~Palm 0110 795.10 745.30 691,40 583.50 524.20 Cotton 	
5.2 ~, 11,1 .11.7' 13.0 14,0 1768~Riceb. 435.00 413.00, 578.20 434,00 	 226,10 Maize 215,9 283.0 333.7 395 9 452,9

Rubber0 293.40 132.70' 104.90 162.40 96.75 Palfn Oil '1.1 20 3.2 5.0 6,8 ' K 	 Soybeansb 321.00 335.00 350.00 29600 235,00 Rice 239,8 '309.8 ,347.5 399.1, 4711.0
Sugar0' .24 .23. .72 .63 0,09 Rubber 2.0. 2.9 3A~ 3,7, 4.2
Tea0l 4.96 '3,14, 2.21 2.23 2.08 Soybeans 27(; '43.5 58.1 ..80.9 9. ','
Tobaccob 2,812.00 2,831,00 2,416.00 2,300.00 2,101,00 Sugar (cang) 430.4 567.8 649,4 7198 935.8Whet' 219.20 _179.90 ;'280.70 190.80 181.50 Sugar (beet) 185.2 223.3 ' 261,0 7262.9 ~293.5 K 
N 

Notes:' i. Tea 0.9 1.3 1.5; 1.9 2.2Tobacco 3.6 48 5.4 5.2 6.2'a. U.S.dollars per kilogram,'' Wheat 2,15,0" 327 9 383.4 446.1 .509,9lb,US. dollars per metricton.
Source: The WorldBank, Coonmodiy Trade Ci(TheWorldand Price Trends Bank, Wasingon, Source: United Nations Fond and Agriculture Otganization (FAO),DG.1986), 49-52, pp 54-56 pp. 64-65, p,6 p 73. and p 77, and The irld. a 1976, 	 Production ,batbook 92, and 1984 Roo, 1973.1980. (FAO, 1977,1981and 1985), , 

FOCUS ON:TREINDS IN CASH AND'FOOD 
4	 

Asia, for example, a sizable proportion of rice and wheat,
CROP PRODUCTION.:,,. ,.,, ,' 	 which are basic food staples, is sold for cash. Rice is ,a 

major. export crop for Burma, China, Pakistan, and Thai-Many of the poorest developing countries depend on cer- land. (See'Box 4.1.)>. :;,. , "
 .ain export crops to generate the foreign exchange Becauseof these overlaps, distinguishing between foodi

needed to meet development goals and to import food and export crops maynot help in understaniding the

for their growing populations. Some nations are heavily '. problerms of agricultural deveIopmi'-t, N'or may the dis- 

dependentoasiglecrop. In1979, for example, tinction be appropriate for assessing problems of resource

Burundiwas 93percent dependent on coffee, Mauritius conserva a me 
 .... :' y
relitoon sugar for 68 percent of its exports, and.the nificant regional variationsin agricultural developmentt
 
'Sudan,vs'tied to cotton for t5 percent of1 itsexports (12) ' patterns in the Third Woild there appears to be no
Given the lon term decline in real commodity prices general rule tha eit s en those tl'ata 

~and the current global' oversupply Of many export crops, predominantly. exported-or food crops are more ecologi- "
 these countries are trapped between lo d6mestic cally sustainable,1'
 
'K'productivity, for essential food, crops o'n one hand and 
 The choice of which crops to grow, and how, is heav'ily"weak, markets for their export products on the other. At influenced by .government agricultural policies and global'"' 

the' end iif 1984, some 65 low-income, food-deficit 	 ce ~erends.,ngMountries con-'trade and price trends-Many develpn cInre o 7
r.countries-'most in,sub-Saharan' Africa-lacked both a sur- tinue to promote industrialization: at the expense of' 

*
 

psofbasic foodstuffs as~a hedge against drought andy agricultural. development by, protecting domestic industries
 
!'" 	 starvtion'and .the income to buy sufficient supplies from and by overy, luing their exchange rtes .The 'eult'i-I'< 

.13). qabroa.'.. s h . that pricesfof domestic substitutes for industrial'importsl*

interresting question is whether ,thandand 
 , ~pAn dom,..rise relati, to the prices of domestic agfresources devoted to exp6rt crops in de product hich effectively, t a . r


could better: be used for growing doie~ti5fo~d c9ps. 'C its profitability(5. Governmen
 
There ista so"concern' that, cash crops are increasinigly waer, agriultural chemicals and fm mt"hier tendto
 
grown-on the more' fertile'lands for'ing subsistence 	 culti waote r -sci~taleceicsral antarm t~irier tento,,vators intomar inal areas 	 caMoreover, current cultivation d 1pote natrale iources hatfrom ,canonmwrlnmennatural hi{rpbll'rodon"froni resources and " ' ' ';j 	Practiceslfor somye cash'crops may entail significant 'residues and wats0)11m n.dvlph 'cou ntries," 1, 'eniro~nmnental ad health riskz3.'Critics of cash crop ' pod'eso xotcosare b Sqeee"' """ 

productn 'argue that food consumption and the nutri -' -edomeestic'foodproduction,raise
 
producersor exprt e g eee
ofps rop 

iN taaes dsicon betweee itic tioCans hNos tharn ss, between cashcrop and food Alth ough national 'd i te nationallspoiscies clarlycrpsar~nt ler~ut"Cshcrops"' and, "export crops" 
','I~ 	

influence the overall allocationi' of' agricultural resour'ces, 2it>'are often used synonymou'sly.-Strictly speaking, however,' is"often at the. village levelwherethe firial'decision 'is'4 
'i 

~,~ 
'eas~~!whcrcrigca inraedpn Oddasacashi crop' may be either~a food 	 heInptmdcin nmn, cmdiyprcs -madeor, nonfood commodity aboutkhenix of crops grw A;:'ubsi.APdo 

Ssold -at, hione,or.-abroad,. whereas an export crop~i ' farming family decides, Vhat to, grow'Y bae on, how 
'1 

"' 
'~cash '
 7$,~~~~~~majort cros arccqa-' 

' 

' edeudiigit.'ih '-foodpoi 

.cropi that' is ultimately. exported: froimthe cou'ntry 

' 

mch'land is needd to'rwte foitrqires, 
prc ingei,:Temr:e ici- oe''mx'ad' pot'rp r cca oehr i h' ni of crops it' can sell to, yield the. ',i ~ cfefiber cropsrbilJaan toaco. "-Fodcrop, 1'bestr possible,return Ilf cash cropping leads to greater '4referstodoiestic productioni of.biasic staples, (cereals, inoe ic~tos 	 requires longer falloW_ 'or~gestation;~
pulses,' roots, and tubers).AlthoiigW'e ar th6"p~riricipa' 4 periods,-, and substantially 'reduces 'soil fertility, farmers "" 

1':
 

subsistence -cops food cropsa easo marketed (14):i may assess-hese~risk'sirAoiIci-*-n o pta cro r. i
16 	 kn 

--	 ons .3,,'i Avk 

3 

http:A;:'ubsi.AP
http:2,300.00
http:2,416.00
http:2,812.00
http:CocoaO2.05
http:1960-.85


Food and Agriculture 

Further, thle chi ifc rops inay depend (il wiether increase in the share (of land ised for cash croppi)ng 
nien or woien ('ontrol househ(old cash or food incon. while exl)erie'in itga decline in per capita food )rodIC-
The atiioilnt of land gri wing both expiort and food lioun. The majority of countries with positive growth ill 

c(op1ls in (eveop)lini ecco(n11lis has incrCteaselg Ioarket ill per cap ita priduction( f basic staples siimultaneously 
tile past tell years Illaiiiiv because f the new (ilostlyIXI)andcd the area devoted to Cash Cropls. Ill sul)-Saharan 
forerst aidInarginal) land )roIught inIto produtin. As -ati Africa, constant or decliii g per capita food priduction 
ie seen in'la)llle1.7, the land tinder export cr(olps has I)ee associated vith coinstant or declining shares of 

exlpaided 8.1 nlilionll iectares Iet wen 197 alld 1981, land allocated t(I cash crops. IngeIcral, c(uni0tries either 
and lald gri(wing Ibais icf tfocros) increased 27.1 nilli(iii Ihiaage sufficieint growli inl both cash crops and stal)ie 
hectares. Ill Africa, tlhe rt,,iill niost critically affecled hy fiioid production or they fail in both (l1j). 
food shirt ages, the aiiillolltof land iIivt ver to fiiod1I Modern agricultural developne1t in the Third World 
sta)leCs icreascidI. I liii lihiIIIectl res, whcln'tas lani iioften req(uires inlpoi'ted iiptuts, and policies that dis
grtiwing exIportl Cr ilsr tl increased at all. AIiiut 12.8 ct'iInilate a.,aiiist eXlotrt crl)S iay acttally inhibit over
iercelt if Africa's c rop)llnd is gri1w illg eX)ort crpills, a all agricitlhlrat (levelttlinent, . icluling food )roductliotl In 
sligihtlyi!vwer lproplortiol thail iin the rest of the develop- sulb-SaharaI Africa, the ilicentive til lprodLtc export crops 
ing wtIrlI. is severely hainpered by exltort taxes and overvallued 

A recent study ('on ied cha'lltges in the pullt(li)tiii of exclnllige rates. Becau0Se of higlh taxes during the 1970)s 
cash cp'illS tll arable landi1 Xitl chaClillges ill the liritltion ail(] early 1980s, tile farm price of coffee in Tbgo was 
of basic food11I Stalpic s ill 78 deve loping (ountries (Is). only a third of tile inlteriational (border) price. Siinilarly,
Bet weeniu 1968 1982, ed i cotton ai groUidnuit farmers inMali received half thetinil onIv six cuttilties slt 

Box 4.1 Trends in Agricultural Commodities 

irncd.'in 12 agricultural conmnodities ofsig-
nifcant economic importance to developing 
countries are detailed here. Food colllodi, 
ties include coffee, cocoa, sugar, tea, vegeta-
ble oil, wheat, maize, rice, and soybeans. 
Nonfood commodities include rubber,cotton, 
and tobacco, 

Brazil normally accounts for 30 percent of 
world coffee production and]25 percent of 
world exports, sufficient to give ita dominant 
influence over prices oi.Other major 
exporters include Colombia, the Ce~tedIvoire, 
Indonesia, Me.:ico, Guatemala, El Salvador, 
and Uganda (2).As a esult of severe drought 
inBrazil, global output in 1986 was expected 
to be around 85 million 60-kilogram bags, 8 
million fewer than in 1985 p:). Because coffee 
consumption is not rising significantly, tile 
long-term price trend seems unlikely to 
improve. 

Although the real price of cocoa rose from 
1960 to1984 (see Table 4.5), this is not a sign 
ofa long-term upward trend; the price in 
1960 was considerably below the average 
1950s' real price lif$3.10 per kilogram I.u. 
Most cocoa is produced in West Africa by the 
CoItedlvoire, Ghana, Nigeria, and Cameroon. 
The 1986 world output is estimated at about 
1.89 billion metric tons and consumption at 
1.82 billion With Ghana, oncemetric tons (5). 
tlle world's largest producer, trying to revive 
output, cocoa production is likely to oulpace 
demand in the near future. 

Must sugar, either cane or beet, is con-
sumed in the country where it is produced; 
only about one fourth the global production is 
exported. The main exporters include Cuba, 
the European Community, Brazil, Australia, 
Thailand, the Philippines, and the Dominican 
Republic (6).The real free market price of 
sugar has fallen dramatically in the 1980s. 
(See Table 4.5.) 

(llobal output ifsugar cane has more than 
doubled since 1960. Cane-sugar exporting 
counthies can usually make a profit from 
some of theircrop because of their special 
trade arrangements with developed countries. 
Major sugar importers, like the United States, 
pay above the cost of production for a given 
quantity This kind of arrangement accounts 
forabout a third of the sugar traded each 
year. The main sugar routes are from Cuba to 
the Soviet Union; from the Philippines, Centrai 
America, and the Caribbean to the United 
States; and from African, Caribbean, and 
Pacific countries to the European Community. 
As of August 1986, FAO estimated the world 
output of sugar at 97.9 million metric tons, 
against a consumption of 100 million metric 
tons i-). However, the increased availability of 
alternative sweeteners continues to reduce 
sugar prospects. Fructose sweeteners, made 
from maize, are estimated to be capturing 10 
percent of the world sweetener market (m). 
Third World producers are also concerned 
about comlpetition from the European Con-
nulity, the world's largest producer of beet 
sugar. 

Tie long-term trend Ifworld tea prices is 
downward. (See Table '1.5.) World output If 
tearose over 4 percent ill 1985, from 1.45 to 
1.51 million metric tons. Demand was less 
buoyant, increasing from 1.43to 1.45 million 
metric tons pij. India, China, Indonesia, Sri 
Lanka, Kenya, Malawi, and Tianzania produce 
the bulk of global tea output, over a third of 
which is exported (wl). 

Palm oil competes with soybean, ground-
nut, coconut, rapeseed, cottonseed, and sun-
flower seed oil for industrial frying, margarine, 
and soap production. Subsidies given by some 
countries to produce soya, rape, and sunflower 
have encouraged increased output of vegeta-
ble oils and contributed to reduced prices of 

patl oil. Worldwide production (fvegetable 
oilsin1985-86 was 53.9 million metric tons, 
7.6 million of which was palm oil (II).The 
main world producers are Malaysia, Indonesia, 
and Nigeria (i2l. has been increasingOutput 
rapidly since 1960. (See Table 4.6.) Expansion 
of acreages tinder palm oil, allied to produc
tivity gains, have allowed Malaysia and 
Indonesia toincrease output substantially (13). 

The main producers of wheat are China, 
tle USSR, the European Community. the 
United States, India, Canada, Turke.,, Australia, 
Argentina, and Pakistan (14).Argentina is the 
major Third World exporter. Production by 
developing countries was forecast to rise from 
205 million metric tons in 1984 to 214.6 mil
lion metric tons in 1986, reflecting record or 
near-record harvests for China, India, Pakistan, 
and Turkey and good prospects forArgentina 
aid Brazil (is). However, prices have been 
declining steadily since 1980, and have fallen 
more steeply since early 1985 (161. 

The United States produces about 43 per
cent of the world's maize (corn) crop; other 
major producers include China, Brazil, the 
European Community, the Soviet Union, 
Romania, Yugoslavia, Argentina, and Mexico. 
The major Third World exporters are China, 
Argentina, and Thailand (17).Although maize 
is an important staple food in many countries, 
approximately half the world maize produc
tion is used for animal feed, particularly for 
poultry. With global production continuing to 
rise and total utilization expected to fall, 
maize stocks are forecast to rise to 111million 
metric tons in 1985-86, about double the 
level at the end of 1984-85. This buildup in 
stocks is expected to depress maize prices in 
1986 and 1987 (8). 

Most of the world's rice is consumed in the 
countries where it is grown, and only 4 per
cent of production is exported. Because 90 
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border prices, and in Cameroon and Ghana cocoa that once grew food. When cocoa first caie to the
producers received less than half. The domestic price of southern Volta region of Ghana, for example, it was
 
export crop.' relative to their border prices declined 27 planted on the best land, and food 
 )roduction was dispercent in real terms for all sut-Saharan countries )laced to less fertile areas (23). !n Kenya, the government
between 1971 and 1983 (.). has pronloteld sougar plantations for its own processing

Although sub-Sal.aran Africa's food probleins are often industries and fuel production. But it was the farmers in
ascribed to an overeimphasis on cash crops, in 25 of 38 Kenya's traditional bread basket, the Western province.
countries, the growth rate for both food and nonfood who resl)onded to government incentives and switched 
production fell it t e period 1970-82, compared with the from g.rowing maize to growing sugar (24). In the Cauca1960)s. Only in)Kenya and Malawi, both self-sufficient in Valley of Colombia, large export crop estates employ
food, (lid food l)roduction slow while nonfood production 

per
manent and( contract laborers who also work their own

accelerated (21). As agricultural export earnings stagnated subsistence farms on marginal lands. It is on these lands or decline:d in most of sub-Saharan Africa between 1970 that the worst soil erosion and flooding occur (25).
ald 1982, countries in the region were italle to import In Burkina Fas(o, cotton production increased 25-fold
nece-isities like spare l)arts or chemical fertilizers; (onse- between 196(1 and 1981, whereas food production
(luently, per capita food l)roductinm declined (22). remained the same. Cash crops are usually grown on)espite evidence that cash cropping for export has not irrigated land along the rivers in Senegal and Niger.
exltanded at the expense of staple food pto(IllCtion in Because cash crops require less labor per hectare than
most developing countries, in some cases where planned subsistence farming, food production is pushed northward
expansion has taken place. it has ocicurred in fe tile land into areas of lower rainfall and poorer soils that cannot 

Box 4.1 
percent of all rice isgrown in Asia, the vagar- Soviet Union (25). Third World exporters Price Trends, 1986 edition (The Worldies of the monsoons can cause consideral,le include lbkistan, Egypt, and Mexico (27). Cot- Bank, Washington, D.C., 1986), p.49.instability in availability and prices 19). The ton production rose 30 percent in 1984-85, 5. Based on information supplied by Gill andmain producers are China, India, Indonesia, reaching 19.1 million metric tons, while con- Duffus, commodity brokers, London, JulyBangladesh, Thailand, Burma, Japan, and sumption increased only marginally to 15.1 1986.
Vietnam (20),but major exporting countries million metric tons (28).Chinas huge expan- 6. Op cit. 2,p. 100.include Burma, China, Pakistan, Thailand, and sion ol land under cotton cultivation 7. United Nations Food and Agriculturethe United States (21).World paddy production accounted for much of the increase; output Organization (FAO), Food Outlook, No. 9is expected to fall to around 464-466 million also rose in India, Pakistan, Australia, and Bra- (FAO, Rome, October 1986), p. 21.metric tons in 1985-86 from the 1984-85 rec- zil. Prices are expected to remain depressed 8. David Dembo, et a., "The Biorevolh-tionord of 467 million metric tons. After collaps- as worldwide stocks accumulate and the Third World:' in Third Worlding in the second half of 1984, rice prices Three quarters of all harvested tobacco is Affairs 1985 (Third World Foundation forweakened again in 1985. Given the ample used for cigarettes in the country where it is Social and Economic Studies. London,
supplies of the world's major exporters, no grown. China, India, the United States, and 1985), p.318.
early recovery in prices is expected (22). Brazil produce more than half the global out- 9. Op cit. 7, pp 5-6.
The main world producers of soybeans are put. Of the one quarter that enters world 10. Op cit. 2, p. 15.the United States, Brazil, Argentina, and trade, 70 percent comes from nine countries: 11.Op cit. 2, pp. 26-39.
China; all but China are major exporters as Brazil, Bulgaria, Greece, India, Italy, Malawi, 12. International Monetary Fund (OMF), Priwell. The world market is dominated by the Tbrkey, the United States, and Zimbabwe. mary Commoditics: Market DevelopmentsUnited States, which accounts for 56 percent Worldwide exports of tobacco in 1985 were and Outlook (OME Washington, D.C., Mayof production. World production for 1985-86 1.4 million metric tons, about 0.56 million 1986), pp. 17-19.is forecast at a record 94.3 million metric metric tons of which came from the main 13. Ibid., p. 19.tons, up 3.7 percent from the 1984-85 iecord Third World producers (29). There are ni.w 14. Op cit. 2, p. 15.
of 91 million metric tons With world prices stocks of 7.19 million metric tons, more than 
 15. Op cit. 7, pp. 5-6.declining, major producing countries are a year's output and an amount that is far 16. Op cit. 2, p. 15.expected to reduce acreage as prices of com- larger than for any other agricultural com- 17. Op cit. 2, pp. 26-29.
peting crops become more favorable (2:i). modity (3o).Thus tobacco prices are likely to 
 18. Op cit. 12.

Malaysia, Indonesia, Thailand, China, India, stay low. 19. Op cit. 12, p. 19.and Sri Lanka produce about 90 percent of 20. Op cit. 2, p.44.the world's natural rubber. Malaysia, Indone- References and Notes 21. Op cit. I, p. 52.sia, and Thailand account for about 85 per- 22. Op cit. 2,p. 44 and p. 49.
cent of world exports (24).Production is 1.United Nations Food and Agriculture 23. Op cit. 2, pp. 55-59.
expected to rise to 4.735 million metric tons Organization (FAO), Commodity Review 24. Op cit. 1,Table 2.23, p.85.
in 1987 from 4.34 million metric tons in 1985. and Outlook 1985-86 (FAO, Rome, 1986), 25. Malaysian Rubber Producers Association,Consumption is likely to grow at a slower Table 2.2, p.33. unofficial estimates, London, July 1986.
rate, from 4.35 million metric tons in 1985 to 2.The Economist Intelligence Unit, World 26. Op cit. 12, Table 30, p.49.
4.55 million metric tons in 1987 (25).Prospects Commodity Outlook 1986 (The Economist 27. Op. cit. 4, pp. 14-18.appear to hinge as much on the strength of Publications Ltd., London, 1985), p.83. 28. Op cit. 1,pp. 72-73.

competition from synthetics as on growth in 3.Based on information provided by the 29. Op cit. 2, p. 44.
industrial economies. 
 International Coffee Organization, London, 30. Op cit. 1,p.52.


China is the world's largest producer of cot. July 1986.
 
ton, followed by the United States and the 
 4.The World Bank, Commodity Trade and 
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tolerate crop)ing year after year (26i). In southeast Mexico, 
there is concern that the introduction of agricultural tech-
niqlues unsuitable to tropical lowlands to grow cash cropl)s 
mav he displacing traditional maize cropping, maize-hean-
squash intercropping, andlimi garden systems that 
Could be developed further as a more appropriate 
agricultural base (27). 

The input requirements of cash crops may also have 
im)ortant distributiolal and ecobigica) iil)acts. For exam-
ple, in many developing countries, imported agricultural
machinery and equipment receive favorable tariff and 
exchange rates, are accorded high priority when scarce 
foreign exchange is rationed, and are purchased through
subsidized credit and run ol subsidized diesel fuel. In 
Brazil, thi;, a taxbenefits the larger farmers, who also get 
shelter that allows them to claim up to six times the plr-
chase price of farm machinery in depreciation allowances 
(28). hi Sri liunka, the replacement of water buffaloes by 
tractors in paddy cultivatio n has saved human labor and 
raised yield:;, but it has depressed the labor market in 
rural villages and penalized the landless l)easants who 
are enl)loyed as agricultural labor. If fuel must be 
imported, tle c)sts of operating tractors can reach four 

times the cost of )lowing with I)ulfaloes i. 


Currently, about 25 percent of pesticide use is in 

developing countries, mainly oin cash crops (:m/I),
including
rice-an important stal)le and (cash food crop in Asia (:i).
Pesticides (almost entirely herbicides) are al)plied heaviiy 
to maize in the United States, but virtually no0e is used 
oinmaize in developing countries. Because nearly 70 per-
cent of the world's cotton production is concentrated in 

the Third World, 70 percent of insecticide use on cotton 

also occurs in developing countries. Although some 

developing countries can achieve coiton yields of over 

1,000 kilograms per hectare, this yield requires intensive 

cropping on large areas, with extensive irrigation and 

chemical pest control (32). Pesticide and fertilizer imports

for cash crops are often heavily subsidized by govern-

ments in developing countries. Where these crops are 


Table 4.7 Harvested Areas Growing Basic Food 
and Export Crops
(nifl/on hectares) 

All Developing Countries Africa 
1974-76 1974-76 

Food(average) 1984 (average) 1984 

Cereals 301 9 3222 69 7 709
Roots and Tubers 2C 7 23 1 112 130

P.lseS 469 1.3.7- .126 

Total 369.4 396.5 92.6 96.5...................
...... .
Ex;port Crops-
Cotton 20 2 20 - 1 ) 3 9 
Coffee 86 101 33 33 
Cocoa 44 49 32 33Tea 10 13 01 0 2 
Tobacco 23 2 2 03 0 3 

S,j(pr 114 150 05 06
Palm 0,1 39 48 7. 09.

R .uber 56 65 02. 021 


Total 57.4 65.5 12.3 12.7 
Note: a P,,,, 
Sources: Comp~led Irm)U ,iv .r c A-m Ir Ot(it, .0 ,-Aci,( ' Prcucmwi,'arbook 984 (FAORr,, 1985 F0 e/hgeddal't1,-9 px, 

grown on large estates, tile distribution of subsidies favors 
the largei farmers. Yet the side effects of pesticide use
contaminated water su)l)Iies and high levels of pesticide
residues in food-adversely affect the entire population 
(:i3). In I-HIonduras, for example, insecticide use averages 
about three kilograms per hectare, nearly an order of 
magnitude higher than the U.S. rate. Insecticides are 
mainly used on large plantations producing export crops 
such as coffee, cotton, sugar, at] bananas (:3). 

Because many subsistence farmers lack cash incomes,
basic food staples do not receive as many applications of 
pesticides and fertilizers as do cash crops. Even so, the 
inputs re(uired for certain food crops cause environmen
tal hazards. For example, the increasing severity of resis
tant pest populations in Southe:,st Asia is resulting in 
more intensive applications of pesticides. Rice is often 
sprayed or dusted at 10-14-day intervals, and because the 
new early-maturing, high-yielding rice varieties can now 
be grown continuously on irrigated land, pesticide appli
cati(,ns 10-20 times a year may become common (35). 
Similarly, because of the high rainfall in the tropics and 
the ral)il growth of new leaves, cabbage requires pesti
cide ap)lications every three or four days ci;).In Indone
s2!
sia, Malaysia, aid Thailand, fish stocks inirrigated rice 
paddies, irrigation channels, and ponds have been greatly 
reduced by pesticide )oisoning (37). 

Some undesirable environmental impacts from the 
l)roduction of both food and cash crops can be mitigated 
through intercropping. (See "Innovations in Third World 
Agriculture:' below.) For example, a ground cover of 
legumes, vines, or grasses can reduce soil erosion and 
conserve organic matter in oil palm groves, as can inter
cropping with bananas, coffee, cocoa, and other tree 
crops :oo). Between 1971 and 1981, Rwanda increased 
yields of both root crops (13 percent) and coffee (49 per
cent) by intensifying farming through traditional mul
ticropt)ing and soil conservation techniques, such as 
heavy use of mulches on coffee groves, terracing on 
ridges, digging crop residues into cultivated fields, and 
mixing bananas, coffee, and cassava with food crops to 
protect the soil against erosion (i). 

In general, the risks of environmental damage are 
much greater in monocultures than in multicropping sys
tens. In Rajasthan, India, the establishment of a multipur
pose system involving tree crops, forage crops, and live
stock produced higher net returns per hectare than the 
returns from cultivating annual crops alone. This 

approach also increases soil fertility, controls soil erosion,and improves wildlife habitats (40). (Also see Chapter 5,
"Frests and Rangelands:' Focus on: Agroforestry.) 

Although the main advantage of cash cropping is that 
IL.L'' copn

it allows farming households an increased source of cash 
income, it may have unforeseen consequences because of 
social and cultural traditions. In Sukumuland, Tanzania, 
the introduction of cotton in food crop systems success
fully increased farmers' cash incomes. But because there was no outlet for this cash other than to purchase cattle, 
livestock numbers increased dramatically, placing greater 
strains on commonal grazing areas. When the herds 
,
began to decline, farmers increased cultivation of cotton 
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in an atteml)t to recouI their losses, a ploy that further are in surplus ill illdustrial 'Ouiitries, such as dairy
in unial areasreduced cotn1m grazing and exacerbated the poducts, beef, cereals, and su ga, are particularly


problem 11). affected. In order to reduce its surpluses of rice, the

Even if the real incone of poor households increases United States lowered its export price from $8 per hun

itsa result of cash cropping, the nutritional standard of dredweight to $4.20 in mid-April 1986. This move 
the family may not imlpro(ye. Studies in Tanzania, Nicara- severely cut into Thailand's foreign exchange income, 
gua, Colombia, and Nigeria show that, even at fairly low which is heavily dependent on rice exl)orts (.17). The

income levels, families mav devote only ia small portion 
 su galr policies of the European Community are estimated
of an increased income to augmenting the caloric intake to cost Third World producers $2 billion a year in lost 
of the househd(s (12). Moreover, cash Ipayiiets in lum) export earnings (.is). A study based on 1975-77 data sug
suIs are more likely to bi spent on CoIsluler durables gests that develing countries could have increased their 
1hi; Oil food .13). Il Many cultures, rie II Control Cash real export revenues ill 1977 by almost $6 billion, or 11
icoile and wonii control food income. Findings in percent, if countries in the Organisation for Economic Co-Nigeria, India, and Nepal suggest that totile extent that operation ai(] I)evelopiment had cut their tariffs oni99 

wI hI.; inicoilze decreases itscash crolpin increases, commodities by 50 percent (-1i). Eliminating both protec
fali c p tiI adll trition, IpOrtictlarly the ilitri- tionism inindustrial countries and distortionary pricingu0111 it 
tional statuis Of Chihren, ilay decline. Ingeneral, the policies in the Third World for grains, ineat, rice, dairy
1utritional status of preschIol children is beIter oil farms products, and sugar might increase the real national 
withit ilix of sulbsistence and cash cropsis oppl)sed to incolne of developing countries by $18 billion annually (51). 
iioainly Cash Crops (.1.1).

The issue lf wetiler IThird Word Cluntries should 
 INCREASING PROPUCTION AND ITS 

CIIC(Iltratc i (lolnoestiC fo()(cpl)s rather than export ENVIRONMENTAL COSTS: THE UNITED
 
Crops is com )licated. The ch ice is influenced by such S
 
diverse factors as a.gricultural policies and prices, the rela- STATES AND THE EURO'EAN COMMUNITY

tive imal)cts (Ill land allocation, and the pattern of land Ilistorically, the primary ain of agricultural policies in the 
OiIinrship,enlirO i It'lltll decgradltion, thi availability IIf UnIited States and the Euro)ean Community has been to
illp)uts, household incoIIe, IC Stilt, Os andof WoeII, stabilize and increase farners' incomes by subsidizing
familyi nutrition. A main CIlc;ern is striking a balalnce ciomestic prices, storing surpluses, controlling international
betweenml protecting resources while improving conlditions trade, and, inthe United States, reducing cultivated acre
of the poor and mhllourished. li recent years, howeve; age. Support of farm incomes, howevel; has also conmany Tlhird World countries have had totake into tributed to more rapid technological change and higher 
account the additional pressures I f rising debt repay- production. As a result, inan era of falling real prices for

ilents and scarce f reigiI exchallge. most agricultural commodities, U.S. and EC farm pro
grains are paying more than ever before to prop upDebt and Export Crops domestic prices aild store surplus stocks. 

During the past tell years the external debt of most Agricultural spending accounts for approximately 70
developing countries has growrn by massive proportions. percent of the total EC budget, rising from $5.6 billion in
Africa's debt, for example, swelled more than sevenfold to 1974 to $23.5 billion in 1984 (51.In the United States, the
$175 billion (nearly half the continent's annual income) cost of agricultural policies has increased from $3 billion
between 1971 and 1985 .5. The need to service these in 1980-81 to $11.9 billion in 1984, and it could exceed
debts is leading some governments to expand export $30 billion in fiscal year 1986 (52), The World Bank esti
crops, even though the long-term real prices for many of mates that the loss of real national income to the Euro
these crops are declining, partly because of the debt cri- pean Community from its Common Agricultural Policy
sis itself. Agricultural exports have grown in Latin (CAP) through higher food prices that mislead oroducers 
America-the continent with the highest overall debts- into using too may resources and consumers into pur
but not generally in sub-Saharan Africa, which has a chasing less reached $15.4 billion in 1980. The United 
higher debt burden relative to its income. Such trends States lost some $4 billion in 1984-85 because of its 
could further depress world prices. ;i:ricultural policies (53). 

Countries saddled with huge debt obligations often In view of the fact that it essentially subsidizes agricul
attempt to increase their agricultural exports at the tural production and farmers' incomeE, increased agricul
expense of food crops, altering income distribution and tural spending in the EC and the United States will con
access to food for tile poorer segments of society (16). If tiue to stimulate both growth in agricultural output and 
export crops, including food crops, are produced mainly the accurnulation of surplus stocks. Real expenditures on 
on capital-intensive plantations and domestically con- dairy market support in the EC and United States have 
stined food crops are produced by semi-subsistence continued to increase. Yet, despite attempts to dispose of 
peasants, a shift of resources to the export crop sector surpluses at subsidized prices in domestic and interna
can reduce tile income of poor peasants. tional markets, stocks of butter and cheese totaled more 

Agricultural export earnings in the Third World have than 1.5 million metric tons in the EC during 1984-85
also been hobbled by protectionist agricultural policies in (541).As direct payments to major crop prolucers in the
industrialized countries. Ex,)orters of commodities that United States increased in the 1980s, so did production 

and surplus stocks. (See Table 4.8.) Similarly, buildup of 
W,,o Fl orces T987 
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Table 4.8 U.S. Srlsof Mao Cos and1 Pliogram Costs ~ F -. 

er.i AverageT Average Average 198, I J ' 5,8 

Productionb 4V4 ?DO- ~ 11E5 385.0 396.9150,8 29 280.2 3760 2468 358.2Ending Stocks 67.9 829 159.3 70,0 ,106,7 147.9 744 4974'' 1736 " 
Planted Areac -:, j9.5 9883 .. 100.2 112.4 , 1.3 115.1 1 4 -DA 111 02
 

:: Ai 15:9--to 00- 000, _77.-

PaymenseJ
Direct ', ff,Di' 1,489,0 1,438.0 649.0 1,648.0 1,960,0 2,419.0 4,848.0 37650 

Notus:ii, . 44'~ 
-. a.,tnctudes feed grains (corn, sorghtmur teyand oats), wheat, and soybeans,' .. " 

ti Million metri tons,-" \~ 
c. MiliorIne ares- , I,
d ,Area diverted from producion. 
e.Deficiency paments, diverwon payments. disaster paym'ents, and prducer storage payments.
 
(J Milliondollars. . '
 
Source: U.S.Department of Agniculure (USDA), Commodty Credit Corporation, 'CCC Estimates CCC Presidentb Budget Estimates: Presentalon No 61)03 (USDA, Agricultural Stablizaton and
Conservation Service, Vashingtori, DC., 1986). .- -

Isurplus cereals ini the EC is expected to conjtinue until V(59). For- the entire United States, crop yields couldwell.,.
1990-91. (See'-Table,4.9) decline- an avera of 8 percent over' the next' 50 years*'.-, 

Increasing agricultural production using mechanization, because of erosion if no corrective measures are taken 
'~ 

'~~irrigation',' drainage, fertilizers, 'and 'pesticides has aggra- (60). -- ,44 

vated problems of soil erosion, depletion of water sup- r - The total offsite damages of erosion'were estimated at 
plies, and pollution in the United States and theEC. By $6.1 billion (in 1980 dollars) (61). The cost of agricultural
encouraging maximum yields per acre and intensive live- chemicals and 'plaiW nutrients lost through erosion and'K
stock -rearing; U.S. and EC agricultural policies have 'con- runoff nmny range from $14$4 billion ann~ually 62). In'< 
tributed to-theSe environmental problems. A crucial ques-' addition, the potential ecological impacts of,sediiient and 
'tion is whether future policies for controlling agricultural nutrient runoff could be serious, contributing to the 

-. production can' also promote the long-term conservation' eutrophication of water bodies and causing habitat -, - . 

of land and'water resources. . destruction. -
-

In general, because U.S. far'm program benefits have
"United States been plroportional to the acreage kept in erosion-prone. 

-

- ''. 

''"V. -Since the 1930s, the main' U.S. policy tools for ensuring ': crops (maize, wheat, and.soybeans),thesebenefits essen 
adequate agricultural production at prices capable of sup- tially subsidized production on marginal land that- could 
porting farm incomes have included short-term loans,- have been kept inhay pasture, forest, or wildlife cover. 
from the Commodity Credit Corporation (CCC), target (63). This produc!,'tn occurred despite the fact that U.S.
price deficiency payments, voluntary acreage-reduction farm program I o.nefts are partly conditional on participa-: 
programs, and farmer-owned reserves of grains The ' tion in set-aside'programs. Comparison of the 1977 and 
1970s boom ini world trade provided a further outlet for. 92Ntoa~suc.lvnois:eel hta~"t 

'U.S.agricultural expansion. Recent estimates suggest, mated."million hectares of new cro 
however, that annual growth-'in I .. grain taefor te under maize, wheat, and sobas r ron mot l 't 

remainder. of the century will be lessthan half the 7.5 that is 1.4 times the national average Highly erodible,sol contfr but 46 :millioni meti os,(0prpercent realized annually from: 1969 to~ 1982 (55). Control- ~,aot4 il~ erctn 7 e,sisacui 

ling production and disposing ,6f surplus' reserves are cent) of 'sheet and ri'l erosion oni the new acreage (64) . 
expected to beserious problems in the near future as the I Attempts to limit production-throughacreage reduction . 

CCCcotne~ oacmuaesrlss programs have had -limited suiccess'in promoting soil con- ' 6' 
.44By, 

4,encouraging m~axim'um~yields per. hectare' and by 

failing to discourage "sodbustii"- (convEersi n of reserve T
Tbe49European LommunityCo mnt Surplu 
'lanidto~intensive use),, past U.S.- farmii programs'haveBuduofCra ,190 14''"'2
provided incentivesfor farming highly ero,ble soils (56) (million me no tons) 

'4 Evidence suggests that'although technical innovations "ti taAEnld of 
have helped to increase agricultural production they have Uabe .iult 
worsened soil erosion problems, both oinsite and offsite .ton t onmp IMrit r US., ts(cumulusE Uw),a'.y
(57) Onsite damage has reduced soil qualityl offsite, dam- .6) 

4 

age~includes accelerated fertilizer runoff, water pollution, - 968 4.24 119.0 18.0 235 424.0' 130,4
98-2 122,5( 15.0 i24LD ..115:5 22.0 ' 11,0"'.and sedimentation. The'.1982 National Resources Inven- '1982-83 ;- 131.0 -: 114.0" 11i,0$ 280. .423.0 16.0 
tory revealed that 13, percent'(55 million acres or 22 1 1 

4 

1984-850; 430 114.0 7.5 41.5~I25.0 - 32.5million hectares) of U.S.cropland exhibits erosion rates 1985-86 1330 1155 75 250 250 32.5 
'"'--exce eding soil loss tolerance levels by up to twice its4 

- 1986-87 44137,0, 115.5 T~ 29,0 250 "'36.575 

vaue.,1Azother 420.6 million hectares',exceed. the tolerance 1988-89, 1455 , 16,5 T75 '36r5 25.0 5Slevel by moire th'lw i Thls tl a lvlo 1989-90 L149.5 '117.0 7.5 400 25.0" 7.thntotmes. The los tlrnce lvlo 1990-91 '153,5 117,5 75S~ 435 4w~94'-250 
" oil isthe maximum rate of annual se loss that will still 

4 i. ~ anoun(4 1 () +-: (3),supportcrop productivity .lt.,averages about 10'.2 miietric be adColmn4)t- lf(e) . (3)e- (5)v~ 'K tons 'of "soil lost- per he,ct,are per, year (5,8). In the Corn I Net colum (4) di incuIdewh eat,corn, srghumn bxi,), -.Dadti tor188 (6)'-ie 
S--..Belt,. soybean and corn' yields on higniyerodibie Sore oeG Cereas Atoiy rdnepsnl othSCt.Codnm]L r h

-V.cropland""h-' 15-30 percent lowecr within'I 50 years I4S oe o-m Grwn s Ath Loddepresn 5-o9tSeVl6,eCo 9P,6)ee eor itycould be '" "'-Tab 1 mm ffeotjueofLrs eso 95166Lno"96 '. 4 
4''lrl,4,"'S ' 

. 
44~~~4'.44,..4W - '~ 44)4 '' ~ '' "'1'4 " ' ~ W4444. i"4. 

4 

http:44~~~4'.44


Food and Agriculture
 

servatin; tihe least profitablhe iand is usually retired, and d, terreit to conversioin only in areas where farm pro
it is not necessarily the most erodible. There is ,ily 
 grais offer impo rtant sulbsicl!es and where participation
limited overlap Ietween excess crop atcreage and erodible in tie programn is high. In iany areas, in orne tax 
acres. Fo r exanle, atbiiut 2.9 Inillion hectares if wheat deductions still ()ffer significant counterincentives to con
are highly eriidihhe: yet tlree timnes this area Must )e ve,'t wetlands to agriculture (72).
idled to Clilillate sturpluses (6). Increased agricultural pro(duction, spurred by U.S. farm

The 1985 [:aIrm Act is rectifying sone of these prih- supports, may have serious consequences for depletion of
le ius through contrils oin s(idtusti tg Mid "silippage" (acre- water su)plies, partiCtalarly in the arid regions of the 
age redcttti)n exc'edCl hy increases in lew criopland) Great Plains and the Southwvest. The majority of the 9.5 
and estal'lishineit of a "cnservati n reserve" to ensure million hectares of irrigated . griculture in the Great
 
retireinent of ip to 18.i millioii iictares Of land for con- Plains depends 
on the Ogallala Aquifer. At current use
servation purpo ses o'er the next ItMyears. Flari pragrain rates, 2 million hectares vill have no remaining ground
benefits will he denied farmers who co nvert fragile grass- water by the end tile century 73). For western states,ot 
lands or wetlands to ag,'icultiaral productidn afteriaiuary proitection of a(Ilatic etcoisyst ems requires that depletion
1, 98ti, or ttiuItivate erosive lands after anuary 1, 19911. n it excee( '10 percent of a stream's average annual flow.
Co nservatimi reserve costs are estimated at $5 biliiin for But current use is 60-80 percent of str ainflow in many
tile first five years, aitd eligibility is limited to lands that river basins (,'. 
are considered aLsuitallle fir farnting or that are eroding The impact of increased pesticide application in IJ.S.
faster than three times the natural rate of soil formation agriculture (i human health and wildlife is also a major
ui;;). Anticipated ecological benefits include reducing sil concern: the use of herbicides, for exalple. rose 280 per

erosion 6i million iietric tins a year. reducing sedinlen- cent between 1,968 and 1981 (75). Sixty percent of the
tation of streals and other surface water more than 18) glihal herbicide market for maize and 90 percent of the 
inilliin metric tons each year, red uci ng eCstCide use pesticide iarket for soybearns are in tile United States. almo+ m i l l i oniki l g ra m s a nn u ally . ;n(Iim pr o)st 3 01 v ing tihe u o ea mC un t 
(luality if fish and wildlife tatbitat. P:lantii g new trees will European Community

itprove envirinmental qtiality, Will prvide future incone Established in 
 1957, the Ctmnnnon Agricultural Policy

for landowners, and wi!l be of ecoloniic value to ciim- (CAP) sets the overall direction for agricultural policy and

Intaities (67). national 
 farming legislation in the European Community.

Many farmers ctltivating highly erodible lands dti not The CAP aims to support farmers' incomes and agricul
participate in U.S. farm 
 programs and thus will not be tural production by maintaining price levels. This isaffecled by the new regtulations. Moreover, because tax achieved through variable taxes on imports, the use of
and market incentives to convert land are not included, intervention boards to maintain floor prices, subsidies on 
the amount of nonprograin land farmed may grow if exports for surplus produce to achieve world price levels,
market prices rise enough for the benefits of cultivating and, in rare cases, subsidies on imports when world mar
fragile lands to outweigh those of conservation (68). ket prices exceed domestic prices. In addition, land
Results of the first round of bids for the conservation improvements and conversion and farm investments are 
reserve in tile Palouse Valley of Washington Mate are dis- sometimes funded through the CAP and by national 
appointing. The low values ;f the accepted bids, the fail- government programs. 
ure to link bids to soil erodibility, and confusion among Over the past 20 years, the EC has experienced an 
farmers about the ramifications of the program have average increase in agricultural productivity per laborer
resulted in the most erodible land in the Palouse not of 7 percent per year and has achieved relatively secure 
being enrolled (w9). supplies and prices (7(i). As in the United States, the 1970s

Conversion of wetlands is a major source of new farm- boom in world agricultural trade provided an outlet for
land. From the 1950s to the 1970s, the United States lost excess EC production. In the 1980s, slackening world 
an average of 185,000 hectares of wetlands each year, trade, bigger budget costs, and mounting surpluses have
with agricultural development accounting for 87 percent caused some revisions in the CAP, notably quotas on
of the recent loss (70). In North Carolina, mass agricultural milk production and limits on price increases. Yet surplus
conversion during the 1970s increasea freshwater runoff production is expected to continue. (See Table 4.9.)
and flooding, salinity and nitrogen concentrations (71). The higher agricultural prices resulting from EC policies
Conversion of wetlands iayi be financially attractive to have led to an intensification of production and increased 
the individual farmer or developer, but the costs to soci- land values, along with such adverse environmental con
ety as a whole from the loss of ecological services may sequences as fertilizer pollution, livestock waste runoff,
be large. (See Chapter 9, "Oceans and Coasts:' and Chap- field drainage, soil erosion, and habitat destruction. In 
ter 6, "Wildlife and Habitat.") In the past, wetlinds con- some regions, higher prices, especially for cereals, have 
version has been subsidized essentially by farm program encouraged conversion of marginal and unexploited
benefits that are proportional to the acreage cropped; areas. An estimated 790,000 hectares of nomnagricultural
however, a surprise provision in the 1985 U.S. Farm Act land in France was converted between 1969 and 1984
eliminates indirect federal incentives to convert wetlands (77). With the real prices of cereals to farmers declining in
by denying eligibility for farm program benefits to land- the past three years, this trend may be abating. 
owners who convert wetlands to crop production Considerable funding to improve agricultural produc
("swampbusting"). These regulations will be an effective tivity through field drainage is available through national 
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~it itsd,. 1983--1. abotit 1,tlt ( species alid natural habitats may be the most 
tares were draind inil itira ai 120,000 inthe Unittd affected by pesticides. Chemical pesticides have caused a 
Kingdoii. Alth,,ugh imotst draiiage inthe IC(istill exist- (;0-80 percent reduction in the 800 groups or species of 
ins agricultiral land,France 11111ch con-	 fauna in the Paris basin, of which only 5 percent are 

graniits and ('Al' st 11 I., hec-	 seriously 

ill tf itisfor the 
version (,fwtlamis (-,S).The impact on natural harmful tt ('eral crops Mtl. 
ecosystems and iiabtats is greatest when land is drained EC subsidies have intensified production of more 
for the first tii i 01 wher existing agri cultral acreage is erosion-prone cro)s, suchi as inaize and vheat, that need,cr 

significalitvllpgraded 17.9). careful management onipoor quality soils. This has led to 

\ricultural yeds have heu raised ly the intensive soil erosion, particularly in areas with alluvial soils. Some 
aIppliictio.if Iit itioUns fertilizerS, Which price Supports parts of Belgium and France experience soil losses of 
iake lotret ecoiimtically attractive. I i 1979-811), the aver- between 12.8 and 15.6 metric toas per hectare per year. 

age an itnal ajlFhicatiti ttf litirogell fertilizer ill the [C hi France, loss of from erosion of cropland isrevenues 
\\,is 15 kittg rais per hectaue, bittit raiige~d fritni a Iot' estinated at $32-,$53 per hectare j(mt. Current practices of 
tf 33 kilotriains l(;rt'ct)tt 2,11) kilogramis per hectare field drainage, intensive crop protduction, and destruction 
(the Netherlandts) . Crops that rtquire increased fer- of natural harriers such i as hedgerws ca cointribute to 
hlizer alttllicatitts arte stomtetiilmes favored Iw higher crop worsening erosion problems. 
ald ltnd prices. Ftotr exauiiple, becallse (tI favttrable CAP Although the CAP does not yet provide for a conserva
prices, the area (if tilstedI rape cultivatioi ill the Uitted tion reserve, such as the one that was receiitly proposecd
Kingdohmt ,rtw abttit 31 prccitt annially ht'teen 1973 in the United States, a similar set-aside policy could l)e 
and 1981. 6,(0()0ll(),.( hecltares. Rape leceives designed for FC conditions to promote soil conservationhli to 
the heaviest alpplicationi of nitrttgen fertilizers--27" kilo- ( 11).Some member governments are proceeding with
 
grains petr hectare, c with ai 121 measures promote conservation-oriented
-nparted avrage, Of linited to 

kilgrattts fotr allcrops aut grasses s)t. agriculture. For example, the United Kingdom recently
 
Althoughtis. (,ltitrtgcni lertilizers has increased yields designated live areas inEngland and one inWales for 

sutsltially lrItough ut the EC, the fertilizers are ntt the encuragement of environmentally sensitive farining 
always etiirelv altsotred by citps and they iiay leach and nature conservationti12). 
iittt groituldwater supplies alld clitainiiiate surface water. INNOVATIONS IN THIRD WORLD
 
tidlr itrital ctidlitits il jntrthwestern EnFrpe, leach- AGRICULTURE
 

tig frtm uncultivate ot groundwater aliountns
d Lllt 	 toI 
less thi three kihlrais tf nitrate per hectare annually. Ii the 1961s, tie chief iuno'ations inThird World 
A yearly dthsage ttf 1) kitograms tf nitrtgen fertilizer agriculture were the development and dissemination of 

pet hectae', uttrresi)tiding to ahbout 60 kilograis f high-yielding seeds of rice and wheat in vhat came to be 
nitrgen', between 	 known the "green arewill generally illTcrease !raching tto 30 as revoilution." Similar advances 
and 15 kiltgrauus per hectare i-). now needed for the production of other staple foods in 

In several Eut tpean ctuntries, there are aieas where the Third World. In recent years, there has been a grow
nitrate levels ill ir mdwater exceetd tile I-C 1axiumu ing worldwide effort to research such basic foods. From 
adihi issi)etot iiitrit itti fttr dr ink iig witer (s:. Risig 1972 to 1979, for example, national and international pro
levels tf nitrate ii grtundwatter have beenFraice discit .d i 	 granis in 25 countries spent 21 percent of research fundsthe Nethierlads. 1lt' United Kingdom, and lest on potatoes, 15 percent on cassava, and 11percent onerianay, althtugh tie maj r Ure inot be li! itedsn inay beans. (See Table 1.10.) Although increasing in absolute 
to chenical fertilizers; hiiitall wastes aitl excessive terms, investrment in agricultural research and extension 
spreading tf slir tiesof animal wastes also conitribute. as a percentage of agricultural Gross Domestic Product in 

Eu trolrthicaion is another probl)lein. Nitrate and phos
phate runoff, along with untreated sewage discharges, are Table 4.10 Research Spending by National and 
thought to be major sources of eutrol)hication in the EC International Programs for 25 Developing 
( cs) source is detergents. The result is Countries, Average 1972-79(s). Another major 
ai excessive grttw th of water l)lants and algae, which 	 (percent) NationalResearch 
leads to eutrtl)hicationI and lowers water quality. In Bel- Ex National Research and National 

Expendltaea as a Share SpendIg by National
gium almost all litnwtttdland water eourses are eutrol)hic of the Value of Outpi Programs as a Sham 
(mt;1.(Also see Chapter 8, "Freshwater.") Latin of Total Research 

Intensive livestock rearing and applications of slurries Commodity Africaa Aslab Americac Expenditures 
of animal wastes can also lead to l)roblems of nitrate and Wheat 130 032 1-11 4 

Rice 01,1 0 21 041 7
I)hosphate runoff and leaching (87) (s). Excessive and 	 Maze 04.0 021 01 11
 

Cassava 009 006 0 19 15
inapprtpriate use of slurry can lead to soil contamination Beans 165 008 060 11
by numerous trace elenents, such as copper, zinic, and Potatoes 021 0 19 0-13 21
 
Groundriuts 0 57 0 12 060 2
 manganese from the antibiotics, fungicides, and heavy Beef 182 065 067 2
 

metals contained inanimal feed. Notes:
 
Subsidized crop prices mean that pesticides become Ghana.eryi, Swa, Lu,/vawli.iTs '
a Egypt . t1.,.. .. Unjiat 

t rli(jai Korer- Mi, ,t, ht : Lir, andIrdine,,za Ji tlt, ri i ]ii%,an IThailand,more affordable. Pesticide applications, particularly herbi- c A ig e rin al~ ,iI C h ile , C o m b )i Mie ci"ollw it idn(Turkey B f (t Ve fw .,ue lal 

cides, have increased ;n EC coulntries. These chemicals Source,: E Evr vi al , ,,nc Ftleseatc ofRot,l i ThInf o tnivnatiori, onthe Size 
National Syo;Iems 1t A nc ltir,EconitnrnCsVol67 (1985), ppResearch Atn,"CdO J00,,n711can also cause runoff and leaching problems. Nonpest 10741079 
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lhw-incnin , developin.*i countrie-; is still siniller than in pea yieldts o6). Iluring trial,; in Niger, only 15() rillimtctrs
middle-inconru, dev'eloinh., nci- ndlr' tialjpd. alid indns- of rain fell; yet 33 nw lines vilde(I betweil 6)) arnld

trialized couuntries. 1,500( kilugr:rns per lcctari, wheln grown as 
a single

I'hIliru)Ilgi'al iiilnI\',tionus in Third W )rld, gricuitill, cro). Twenty of thesl s more kiloiislroduced than 20(10 

may offer Ihe best piossihility for rnorcusing nutput of th, ranrmis pet 
 liectar' when i trcrohplled with millet (1i7). Ihe
basic staple crops arid Iroducts while maintaninigm tii',w nt \'ari'ts inattir.l earlier than local (,wl)eas. which 
resource snstainability of agricultural systems. Improve. produce ahout IS5 kilograms per hectare. In 1983, six 
ments in ecologically sound agriculturd techniques are row varieties were tested in Brurkino laso. C'owpeas that
irccurrmrg in three iml)ortant rategories: altrntiv,, were mulched (on nntilled land produced suibstantiallyagricultural , ms, such ;as agrofboestry aln inhrcrop, higher thi plans that notlelds were mulched (on 
ping, that enhance pro(ultt iitv(nuserve res(oirc'cs; ploughed land ('N.
 
new high-yicld. low-ilptit varirti,'s of stple 
 trols: and The India-hased lnternational (Crops Research Institute
biote 'hnol gy. for tile Semi Arid Tropics (l('tIS"AT) helped develop

Agroforestrv comibines ;riqiiciltiral arid forestry higher-yierlirng strains of millet in hi( last five years that
methods ftor cultivating' woody plants ard agricliltural colI have irip-rlait (onse(uim,,s for the world's rural 
(r(llS or livestock (in tIh, sione lanmd in i!i attenilpt to poor. Millet is; thr staplh for mnilliis in Africa and Asia.increase th, total r)rductivitv (of tle plot. ('urrently, at It is th,' oily [iajnr grain crop that can survive in areas
least II majnr int rnaliaol research programs hellp withi as little as 10)1 millineters of rain a year It is these 
finance a groforcetryv and ( ommunitv forestry projects in low r;infall areas that are cultivated by the poorest
 
more 
 than 51 developing conuntries, with expendituires farmers who cannot afford irrioation (roi.

totalin $750) million between 
 1977. and 1981 (See ('hap- In India. a strain uif pe'arl millet, IW'MV I, was relcas
 
ter 5. Forests and RIairelard,,') (One of tIl' potentially to farmers in 1982: It is plnted (n
now abotit half a rnil
most significant agrotirc"trv system'; fIr Africa is alley- lion h-tares (AMV I i; hrth higher yielding and resis
cropping, a fmoir of inl,,rc.ropiri ill which food crops M tin] to howny Ivildexw a fungu' that can devastate millet. 
grown hetween re.gulurly primd huedgerows f fast- Other new iniliets are perfonring well in tests in West

growin , nitrogen-fixing trees arnd shrubs. Because 
 ;lley- African iuuntrics. wo varieties Ir'd in regional t:ials at 
croppin g increases the orguim' matter, usable nutrieits. tln, histitut (li Saliet ii. Senegal are showing encouraging
;ind moisture levels of ,oilc, it allows roitiriinls u:ropping resuil';. In Maih. new mi l let strains are expected to yield

with imlrovel (ro p yields even witlhmIt additional ilputs. ill) hi :,ib00 kiligrams ixr hectare; average millet yields

(See (h;tpter 11. ''Ilements of Slccess:: Sust;linalh, 
 are currently 800 kilograms per hectare (i0).
l)eve,!opment in Siu -,Salirin Africa.*') There have also been advances in the Sudan in


Research done at a number of the Consultative (Grup develoinpg an iinlproved variety of sorghii. lia geen
oii International Arriultnral Research c nters, aid frI- l)rr- has Ieen bred 
 v scientists frurn IWRISA' and the 
lowed ill) in farmrer.' fields, has denon'rated that inter- Sudan Aricultural Iesearch ('orpnration. In tire dry con
cropping oiren mcreases yields (if hasic foods. Work at tlitiolinsif 1981, tIhe new hybrid yielded nearly 9(0 kilo
the hnter;tional Potato ('enter at 
 I ima, Per't, shows that grams per lectare when planted oir dryland farms. Local
 
farmers enjoy higher toaL vilds per 
unit of land v'hen varieties, iy 'contrast, yielded only 200-310 kilograms per

they intercrop maize with piotatoes. The growing maize, lctare. I nrder Irrigation, yields of the new sorglum

shades tire soil front tIre hot sl, protecting the potato soared to 5,189 kilograms per hectare, against 1,112 kilo
tubers but alluwing tire sun to reach ItIre p!tt 
 I)latnt'. grams per lict're ()r-local varieties. Ilaveen-I)urra-1 per
after the mai,.e is harvestd {oi. foirmed well with hioth high arid low levels oif fertilization. 

Intercroppng is proving to be a valruable technique I'RISAT says that the seed is relatively easy tn produce
witlh many aiplications around tIre world. In Rwanda, (ll
farmers successfully intircrp potatoes with maize, beans. In Asia. d(velpirin ew varieties of hybrid rice is still
wheat, sorghum, tar. pias, and tobacco. Potatoes and essential us piopiilation pressures urn arable laid continle
maize are planted simultaneously, and four mniths later to increase. Ispecially in the curr'nt itriod (if low and 
tIre pIotatoes are harvested. Then a beani crop is planted, staiant ri'i prites, farm'rs look to hybrid rice varieties 
using the maize stalks as support; after tire maize is har- to p:rrvidle an uoppuirtunity to inc'rease efficiency arid
vested, tihe stalks remain for tile beins. In Irials in Ban- lower )roduction costs. 'I lie result inay be a reduction ili
gladesi and Mauritius, su garcarne was inIercrol)ped witIl the amon t of land giv'en over to rice production, leadin.g 
potatoes, again wit h si.inifiantly increased yields ei i. In to( diversificatin into otlher c'rol s, livestock, and housethe Cauca Valley of Conlonbia, intercropping maize and hold industry and uncreasing tIn' earning potential of rice
hearts provide(Is be,tter control of the fall army worrii in growing Innuselits. Th' niajorr success oflhybrid rice is
maize and leafhoppers ii b'ans than is possible when, in teniperate China, where it is imlportant to national 
lit' same cros are grow in separately utidoo. self-sIffic cii cV. This success was achieved by tile 

ii the past few year. hybridization ias significan'ly de(velopment of early-nialuring (less than 115 days)
improved yields of cowpeas-a nutritinous t'crop that can hybrids suitable for cultivation in tle first crop season in
survive droug ht conditinis-again willh tlit' I f inter- doulble-cripping areas. Hlowever, because the current vari
cropping. ' Internatinia Institute for Tropical A gricolI- eties favor irrigaled antl tenperate rain-fed areas, only
ture reports that new varieties )lanted in Burkina Faso, similar regions outside ('hina would benefit froit use(Of
Mali, Niger, and Nigeria have the loltential to treble cow- these new varieties (102). 
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Biotechnology refers to the iiitegratel use of Ili;chelis-
try, microbiol)gy, and chemical viugineleering tO ('xplilt the 
tecIIoogical dap)IlictiOIs adll! I)iolOgical capiacities of hat-
ural species. CO'Iveiitioial animial- and planil-lreedilg 
niethods take time; biotechnolo(,y ciai acceh.i'rte tIheIiand 
processes with tecl in1ues such as 'ell and tissue culture, 
protoplast fusionl, and geneti. ellgineerillg (103). It could 
mean that food outplut is stepped up more quicklv, with 
,rops )eing pro duced that vield more, are wIev;-ait to 
dr(ought, heat, and saliiiitv, and are less dependent ()n 
chemical fertilizers iuAipesticides. New techinohlogies in 
eliIbrv)Igy CUld make possible Irencii(Imis advances ii 
genetic selection amoi g larger animals that arc nlore 
adaptable to Thiid \Wo rld coditil s. 

Biotechmiology is coiisicheralbly Illore advaiiced ill live-
stolck than inl crop alpplications. In iii(utstrialized cmintries, 
advaices are being Ihade ill repr1((d1ctiVe tec hnologies, 
growth litriines, and tilw vaccines flr livestock HIoo. 
Thl)r potential henefits to the Third World include: 
* diaglosis,J'reentiol, and control 1(lt ani diseases, 
lising mmollclOnal alitiblldy teclill(lOgy 1) diaglilse, lolmili-
t(lr, and research aiiimal disease, and genlitic eigineeriig 
to ex l)id tile raiige If vacciines and ()ther allnimal health 
care products 
* Ioillotion of JIiIl IIIIIrilot I (111(/ gro'lh111, thrugh 
tile use (Of siIclI bitlchn1llgy ro(tl('lsi as grlowx'th 1101-
nleies and fIIId ad(litives 

geletic i r(tIt of (11ItIml bre'ds, l1iltiatelv 
involving he traisfer Of gei(s ,img different aniial 
breeds i,. 

The initial iml)act (If biotechnology in the Third World 
is likely to he in livestock vaccines. F:Or exanl)le, vac-
cities develhpei at tile International Lahoratory for 
Research into Animal )iseases in Kenya and other 
research centers coul lead to major improvemeits in 
animal health in Africa (1(b;). 

The application of biotechnology to crops in the Third 
World is still at the research and developnlnnt stages. It 
has two major goals. One is to improve specific plait 
characteristics by introducing or manipulating genes con-
ferring resistance to disease, heat, or cold. The second is 
to mani)ulate microo)rganisls genetically to enhance the 
natural process of nitrogen fixation, to control pests and 
plant diseases, or tol promote plant growth (lif7). 

It is already possible to imlprove root crops tising tissue 
culture techniques in vegetative reproduction (Ills). Almost 

11,000 in vilro (test tube) cassava clones are now in stor-
age at the Centro Internacioial de Agricultura Tropical in 
Cali, Colombia (10)I).The International Board for Plant 
Genetic Resources believes that development of the full 
potential Of in vilro culture, storage, and associated 
biochemical techniques would revolutionize tile handling 
of germplasm (110). 

RECENT DEVELOPMENTS 

In the aftermaid of the severe famine that hit Africa in 
1984 and 1985, the General Assembly of the United 
Nations leld a special session on Africa in May 1986. 
Tile first session ever held on a regional issue ended with 

the launching of the U.N. IProgranne of Action for Afri
can F0cono ic Recovery aid )evelopment: 198G-1990, 
the heart of which is agriculture and related service: (1i). 
Thell(Progranlie has twv(I eleiiets: "thie determlination 

cominitneint" of African countries to undertake 
national and regional p)rograms Of recovery and develop
nieut and "the respOnse aiid conulitinent of the interna
tional coiiniliiity" to suplOrt dnd sulp)lenment tile Afri
can develOlment effort. 

The U.N. Progranmne is designed to complement the
 
()rganizadon of African Unity's "Priority Programme for
 
.c0onmic Recovery:' initiated I)y African heads of state in 

.hllv 1985. African leaders then indica ted aiwillingness to 
devote 21-25 percent of pul)lic investment to agricult tire. 
At the special U.N. session, African officiais did not hide 
the lack of iriority aci:Or(Ied toIagriculture iII the past. 
Although no specific commitnlents were made, tie inter
natiolnal community pledged to supplort the developent 
process that African countries are struggling to acclii-
Illislh. 

The Programlne stresses inmediate measures to com
bat food elergencies that aim to create and sustain 
national emergency preparedness, to institute effective 
early-warning systems, a nd tI establish national food 
security programs. Mledium-teri measures will aim at 
raising substantially the level Of agricultural investmcnt; 
developing aral)le land an( rendering it more )roductive; 
and establishing appro)riate agricultural pricing )olicies, 
incentives, and credit schemes. The Programme also 
emphasizes the ieed to give small farmers the necessary 
inputs to increase yields, including better management of 
water resources, the establishment of low-cost irrigation 
schemes, reforestation programs, and drought and dezer
tification control programs. These efforts are likely to cost 
$57.4 billion, slightly less than half the Programme's total 
budget of $128.1 billion. 

Success will depend "oni the parallel development of 
agriculture Support sectors;' whose imlortance is empha
sized by their cost-$60.1 billion (112). This amount 
iuIclides development of industries for producing agricul
tural tools and equipment; rehabilitation and upgrading of 
existing factories; utilization of renewable sources of 
energy, especially biomass and solar energy; establish
ment of a network for the production of spare parts and 
comlponeits; and provision of local training for project 
design and preparation. 

African nations are committed to funding $82.5 billion 
of the Programme costs, leaving a gap of $45.6 billion. 
Participants at the session expressed doubts about 
whether the continent will be able to find the $82.5 bil

lion if world commodity prices remain low and if they
have to repay debts at existing levels-expected to be 
between $15 billion and $24 billion a year over the next 
five years. Again, the U.N. Programme contains no com
mitmnent by the international community either to help 
sta)ilize commodity prices or to relieve debt burdens. 

The session was successful in highlighting some of the 
)rol)lems faced by Africa, and it should encourage 
increased domestic spei.ding and aid flows to the conti
nent's agricultural sector. But there are also doubts about 
whether the people most vulnerable to famine will be 
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accorded air, more priority than in the past. Although Africa had been savedl, and eastern Africa had been 
women farmers are a primary focus of the U.N. sparel the widely feared plague of red and African

Programme, the developed market economy nations want 
 migratory wcisls. The only remaining infestation is in
African countries to reform their economies and southern Africa, where harried farmers are bracing for a 
encourage private investments. But prospective investors second seasin of assaults from brown locusts (IrS) "From 
are uilikely to be interested, or indeed wanted, iin the Mauritania in the west to S(malia in the east, Africans
small-scale food production systems characteristic of and the intornati: al community can be proud of a job
Africa, where women do nost of the work. 	 well done:' said ) l)irector-General Edouard Saouma. 

"In the Sahel and eastern Africa, major food losses haveTHE YEAR OF THE LOCUSTS been averted We waged war on the farmer's oldest 
enemy and we won" (116). In the Sahelian region, moreAfter two years of drought, the rains finally came to sub- than 2),10) metric tolts of 	food were ;aved that would

Saharan Africa in late 1985 aiid early 1986. But with the otherwise have been eaten by rampaging grasshoppers
rains came anoither threat: I csts. Iy n1id-1986, at Ieast aid l)cuists (117).

four species of locusts and inilliois (f grasshoppers were But the costs were high. '[he FAO's Emergency Centre

swarming over the Sahel and oa ...m Africa (in:1). Plagues for I, ust ()peratiops coordinated a massive spraying

of locusts are a common )light in Africa, btut the 1986 operation in 13 Afr'can countries, involving 36 aircraft

invasion was particularly severe. Not since 19,12 have the 
 and 500 tons of pe,ticides sprayed over 1.6 million hec
populations of all four major locust species exploded at 
 tares ms8). Accordinq to FAO reports, another 660,000 hecthe same time (1m). Coming so soon after two years of tares remain to be sprayed. The total costs for the
famine, the invasion caused many African leaders and aid 1986-88 eradication program, estimated at $24 million,

agency officials to predict ruined harvests and widespread were provided entirely by bilateral and multilateral

hunger. However, the locust invasion Was blunted by tie donors, mainly the United States, the EC, Canada, thewell-coordinat, -1efforts of the most seriously affected Federal Republic of Germany, Italy, Japan, the Nether
countries and the aid agencies. 
 lands, France, Norway, and Sweden (19).

In October 1986, the FA() ann(iunice(d that the worst of In addition, environmental costs may be involved. No
tl', threat was past. At least 90 )ercent of the foodcr ps assessment of the effects on the environment of these

thre,tiened by thle Senegalese grasshopper in western large (loses of pesticides has yet been made.
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5. Forests and Rangelands
 

Although the distinction between forests and rangelands 
seems obvious, the two ecosystems actually overlap a 
great deal. In areas where rain is relatively sparse and 
the soils po,, trees are scattered in "open woodlands" 
with varying degrees of density, making it difficult to tell 
where tCe grassland begins and the forest ends (i). 3oth 
woodlands and grazing lands may support li.stock. In 
fact, there are many areas that both forest and rangeland 
managers claim as their own-areas that are managed 
for wood and fodder simultaneously. 

In their natural state, forests tend to change little from 
year to year. Nonetheless, humans can effect a rapid 
change on large areas of forested land-often for the 
worse. Plrts of Europe and the southeastern United States 
have suffered a decade and a half of severc forest fires, 
most of them caused by careless people. In Europe and 
North America, data suggest that air pollution is severely 
hampering growth rates and survival of trees over vast 
areas. 

Even more devastating is the continuing destruction of 
forests in the tropics. While forested area in most temper-
ate regions is declining only slightly, tropical forests in 
Central America have been reduced by :38 percent and in 
Africa by 23 percent in little more than 30 years. Little of 
the forested area is managed by professional foresters, or 
is under management plans. Worldwide, managed forests 
represent only 3 percent of the total; most of these are 
in developed countries. 

International development banks and aid organizations 
are being forced to become more innovative in their 

approach toward forests in the developing world. Where 
appropriate, they are encouraging commercial manage
ment of cut-over forests. Plantations of commercially valu
able trees are being established on increasingly large 
areas where capital is available. Most importantly, banks 
are beginning to apply more sophisticated economic anal
ysis to forest-management projects that include benefits 
other than timber-including protection of watersheds, 
production of so-called "minor" forest products, such as 
ratt - '-uits and resins, and recreation ,,nd tourism. Fre
quentl these values are mor,- important to local econo
mies than the most valuable timber. 

'l'-chniques that manipulate the genetic makeup of 
trees, until recently almost the exclusive province of 
developed nations, have begun producing impressive 
results in the tropics with fast-growing species such as 
Leucaena leucocephala. Brazilian researchers working for 
a private company have revolutionized the use of rooted 
Leicaena cuttings to produce timber and fuelwood at 
unprecedented rates. Meanwhile, scientists have begun
talking about a future in which artificial seeds-packages 
of gcnetic material whose every !ait has been deter
mined by humans--will be available to forest managers. 
Unfortunately, achieving those genetic advances requires 
huge amounts of cash and scientific resources, two of the 
scarcest commodities in developing nations. 

For nmuch of the Third World, research has centered 
increas, igly on forestry methods that allow farmers to 
incorporate trees with their crops, obtaining forest 
benefits without having to exploit the remaining uncut 

[LeuonJ~WL"Id , 198? 
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Forests and Rangelands 

woodlands. Many of the tlchuiques of this fitril of 
mianageme t, ( r agr(oforestrv, ire itprovements f 
methods that have beefirised stustainably by local people 
for hundrets or everi thtsan(Is of years. 

lvm gelands, areas that provide ftorage for free-cari g 
livestock and wild aniials, cover more than haif of the 
world's land surface. Most tof these lands are t(oo dry, 
steel), rocky, or cold for agrictlttore. Ibut ca I)e used k'ffi-
ciently to produce aniil lroteiii. 

Most of tire world's rangelanIs have srifftrted stonle 
degree of degradation front otvergrazirg orniismanage-
ment. While sotme dlegraded ramigl id it! develtoped 
countries has been rest rt t( l)rductivity, vast areas itt 
Tihird Wotrld (otrtries, especially it Africa and tihe Mid-
le East, are un(ler increasing pressure frotr grtwr,ing 

tilrimlbers ttf pe,,h)l' and livestoek. 
Although tihe .itied Nations ('ohftrtnce tn I)esertifica-

tiri drew world attentiotn tt it'Iplight ttf drylatds it 
1977, the situation had not improved six years lattr 
when efforts tro stem (lesertification were evaluated. Both 
dlevelolpment assistarce agenicies and(lpt( t irg t.,atios 
have been rehlettallt to invest ill range improtvenett 
proi'cts that afftec relatively ftew l)epl • andI take many 
years to shtw r(-sults. 

()n the hotier hand. there hlave been stome striking sitc-
cesses in range reclamation. li ite Inited States, the 
Bureau orf I;a!d Marigement successfullyl )twe air d 
reseeded a severely degrat(ed area rtf 2.6 million hectares 
in ()regon. The vatst area of the United States that was 
devastated by the )ust Bowl of the 1930s now has it sta-
Ile grass covcr atd is )rt(ductively iused for grazing. In 
Somalia, a project s)o nstored Iy the Worldl Bank ad iie 
I., Ageucy for Initeratiiotnal l)(velopoient is stabilizing 

Sai to prtovide ftoIder for livestock.trest 

CONDITIONS AND TPENDS 

FOREST RESOURCES 

At one time the world's fort'sis and woodttlands probably 
covered Ii Ibillionti hc'tares. By 1954, te total had decline(i 
to approximately -1billionr hectares becau.,e of the increasing 
use of land for agricullire, pasture, and settlemens for a 

rapidly growing p)otilatio (21. 
Evaluating Ing-term trends is difficult. But one recet 

assessment (:0)indicates that, histotrically, tiIe greatest rt'la-
live changes it the veo.etation coiver 'ave occurred in 
temperate regions Since large-scale land clearing for 
agriculture biegan around 8,)0)0 yeiars ago cold-winter 
deciduotLs forests (seasonal brouadleaved forests) have Ieen 
re(ltced by 32-3:3 percent. In conlrasi, most natural cli-
max trol)ical vegetatiotn has Iteen reduced by only 15-20 
percent over thire l)tst several rillennit. Sone 24-25 per-
cent of all wot, ': savatius and tropictal/stub trol)ical 
deci duous forests have been cleared, whil intil recently 
only slight losses (1--6 percent) of tropcal evergreen rain-
forests andI tropicalst hropical evergreeni needle-laved 
forests have occurred (.1). 

'I'he balance is changing, htwever ()ver tire past three 
decades, reduction of forested areas has been far greater 
in the tropics than in temperate regions. "lemlterate forest 

areas in Fiurol)e, Asia, and ()ceania have grown slightly 
as rtefo restat itn nrd reversion of cropland to forestland 
noe than offset losses totrhanization, roads, ,ird other 

Nrth Amterica, ouses. i the totl forested area in reased 
.stealily i the eariv 20th (Xrutury, .,fter centuries of 
decline. More recently, however, the total has again 
drol)l)ed sliglly. 

Ii tro)pical regi(ns, deftorestatittn rates have beeni 10-20 
times greater than reforestation in recent years. Average 
annual clef trestat ion is greatest in latin America, and it 
is also high in Africa's open forests. Ii Central America 
the area of forests and wtotollan(Is declined 38 percent, 
frot 115 tot 71 million hectares, and in Africa by 23 per
(ent, front 901 tot 690 million ie(tares, ielween 195) and 
1983 (5). In the cttrmnierciall unrprtductive (Oi)closed 
forests of Africa ai d Asia, deforestatio rates were rela
lively low. Ihi the carly ]980s, aatrial losses equalled 
altut .6 pewent of all remaining forests ill all three 
tritical regions, thotttgh exact ati(tnts aitt:t rates varied 
mttre that it hoirdredffold amtong cttrntries. (See World 
1R'esotroes 19SY;, ). 73, 'liahe 5.110 for tile deforestatittn 
rates ;inl(l ireats defotrest'd annually in selected trtpical 
coil tries.) 

I.stirilates ttf forest area reveal little abo t the condition 
of folest resources (e.g., changes in (lre density otf the 
tree cover )r itt the productivity or ctompotsition of 
forests). In general, its longtas tree cover appears to 
exceed 110-20 percent, ait area is considered forested, 
even though the fo rest may have been significantly 
degraded and the numler of trees per hectare reduced 
from several hundred to fewer than 50. 

()hte cause oif the loss o forestlands has beeii the con
version (tf forests to agricultural land. Since 1976, (6-8 
million hectares of open forests and woodlands have 
been cleared each year for agriculture (7). Annually, 4-5 
million hectares of commercially productive closed forests 
are I(,gged, and over 90 percent of this area litter 
becories crol)land. Another IH.5 million iectares of fal
low land that is regenerating its forests are cleared each 
year; of that, 3.3 million hectares are converted to per
manrent agriculture and the remainder returned to forest 
fallow by shifting cultivators (8). 

Extent of th( World's Forests 

Until recently, studies of forest resources worldwide have 
been pototrly coordinated and hampered by expensive and 
inefficient technolo(gy Fir Iltose reasons, global data onr 
forests are controversial. Some of tile most comprehen
sive statistics on tropical forests, gathered by the United 
Nations Food and Agriculture Organization (FAO), are 
more than a decade old. More accurate information now 
emerging front cotirtry-I)y-cotrntry studies, particularly in 
Afric-a atn(I Asia, is superseding the AO data on a 
national basis. Ultil these data can ie made consistent 
with ghbal assessments, however, ptlicyrnakers continue 
to itso tire FAO statistics o!). 

'ible 5.1, which gives 1981 FA() statistics plus an 
updated estimate for 1985. shows that in 1985 closed
canopy forests covered 2.8 billion hectares ((r 69 percent 
of the forested areas worldwide) and the less densely 



~ :j;-ii ~''i~ ~~' ''.~' ~ 1> '~,'Forests and.Rangelands 

". Table 5.1 Distribution of theWorld's F6rest Lands,,1985 

~~'~"" '2'Percent of'.< - :;<2'"'""' " 

Load TooaedTotal Total Percent oLand . - Frs Open Forest 1<'Land Area Other Wooded Land Total... Land'.Wood-.
Region Area Broadleaveda Coniferous Forest : Area Forested Shrublandb Forest FalloiC Aread Area Wooded 

1835 301 NANorth America0 , 168' 215 684 37 684 37 1'-
Euoe472 65 88 21 174 37 X 174 37USSR 2,227 147 645 128 920 41' X 

.NA 

NA '; .920 41
'OtherCounlies 950 50 22 70 142 ,- 15 X, NA 142 15 
Developed Countries ~'''r~1 
Subtotal 5,484 430 1,056 434 1,920 35 X NA 1,920 35 
Africa ' 96,6 216 2 500 718 .4 450 160 1,328 45Latin America 2,054 666 250 46 170 1,26226 942 150 1 61 
Asia (exceot Chirn . 

arnd Oceania) '1,640 ''317 30 83 430 26 '45 76 - 551 34China 933 97 25 15 137 15 30 . 167 18 
Developing Countries 
Subtotal 7,593 1,296 83 .848 2,227 29 675 406 3,308 44 
1985 World Totals 13,77 1, 1,139 1,282 4,147 32 7T 675 406 - " 5,228 40 
1980 World Totals 13,779' 1,827 ' 1,121 1,372 4,320 33 624 407 5,381 41 
X - not availalble', ' . . , ,' ' 

NA -not appcable ,''.


Notes: ' ' g 0 ee d e h
 
a includes baniboo and mnangrove fonrmatons I
b includes area mit woody vegetationi eater War05 1eters ard tes tlia1 7nrMors Iheight, coui ar (see Tableted by the Urited Natrs Food id Agricutture Organiation as 'oter and 
c u re cxMh tolo clearing forshiting cullivtortni lrn the past 29-years. . . 

sforestareaandotherwood
and
 
e Canada and the United Stales.,
I.Australia, New Zealanrd, Japan, Israel, and South Atica
 
g'W orld Totals': exclude Antarctca.p
e I
 

, For 1980 world totals: Unied Nations Food aid Agriculture Orgarzailo (FAOI/Econorotc Comnssont or Europe (ECE)Forest Resouces 1980 (FAOECE, Florne. ,1985)2. For 1985 world totals R.Peofson, unpublished report roSwedils intenatiofal DeVelopment Authority (1985) Tables 1 2 arid 4 . 
p 3,For total and regional land area United Nations Food and Agrcultre Organization (FAO), 1983Pioducton Yearbok Vol37 (FAO Romene lable i.11984), 56' 

wooded open forests covered 1.3 billion hectares for a tares worldwide. A area roughly equal to one fifth 'of
total forested area of 4.1 billion hectares. lIn addition, flat- closed and open tropical forests now lies. fallow-the&"22. 
ural shrublands and degraded forests covered 675 million of clearing by shifting .cultivators within the 'past 20''result 

hectares and forest regrowth on' fallowed cropland years. Latin America includes the largest expanses of'', 

coyered 406 million hectares. The total, nearly 5.2 billion closed tropical forests and Africa contains two thirds of 
hectares of woody vegetation, 'covered about 40 percent ,all open tropical forests.
of the world's total land area. " Slightly more 

' - 

than half the world's forests are in 
-Excluding forest fallow, shrubland, and. trees. outside the countries, where 'they 'cover1 2.3 billion' hec.developing 

forest,- closed forests and open woodlands~still cover three, tares,"or 30 percent of the land area (16).In developed ~ 
'times as much area as roplands 'and 75'percentmore cointries, forested areas amount to approximately 1,81 bil>. 

than 'grasslainds (ioj. Today, forests ,and woodlands account lion hectares' or about 33 percent of these countries' land 
for 60 percent of,'the' net productivity of biomnass in ter- area (17). 

S restrial ecosystems; of that productivity, tropical forests
 
account for 63' percent (ii)." K .- FRS M NAE~T -' '
 

There are several ways to compare forestry statistics 
including whether they- have open orclosed'canopies, are Most of the world's forests are notconsciously managed,
coniferous2o-: lion-coniferous, are in temperate. ortropical for the sustained production of timber orfor any oth,zones, or"ar in developed or ,developing countries. Management 'plan~s covered opnly 527 mnillion,-- <purpose. 

'.fo e ys-ie peren (1.6 billion hectares) of the ~ hectar'es (23 percent) ofthe 'would's 14.1, billionhectares of" 
2 

I4I 

fors in teperate.'region Isare, categotized as havigfrst,cording to a:rpotmdeduirig he 1960s by-.'
closed.'canopies (12), hile abo'ut,62percent of the tropi- United Nations Foodand Agiutr Oranzaio-'.the

closedcanopies(13).ben 

N The world's conifero6us forests, thel source of nos " the amount of landunder management plans
inlltia wo 'rdcin-cover 11 billion hectares, or ~--in the Soviet 'Union' h.Uie States, 'and tropica l Asia, 

27 Percet oe rld s total .forest area. Some' 83- per- 2and2 has decreased in Europe, t a 'Crc CnIli-
cent f theseforests 'ie~in .North America -and'the USSR,' >A'iric6 and the Caribbean, and fropicai 'SuthAme<rica, 

' 

Non-coniferus frst 4) cvr1 ilo'etas,,or 42 buitincresed'overall toF !'.-billion hectares.~" -. 

pren~t fefrestarea. Abou 6bilon Ihctares~iof ", ' Developing countries mnanage less of their forests thinI' 
ths oet aefudi SotLlithArnerica and Africa" with developed countries do. Of~112 bilion6 hectares of tropical
aniother 567Lrmillio'n 'hectares in Asia and Oce6anlia (t5) yI'closed forests in developing countries, only 42 millionTr1opical'.foests-including closed forests, ope oest th~lares( cent) are under "intensive mianagemen 

1shrubland' ;and fores fallow-cover nrialy ~3 billion hei&'~. (19)1.(See Fiur 51 ndia contains mlost 'o ths 

1 
l~I ~'2'"2" ~" <2"'~q p . 

2
I S '<'~ <2~gI i221~''" i 2 - - 1 I~R i " v;'



)$Table 5.2 Management of Closed Forests food and shelter' fra i 1;a ~jsohectares)~ssujct for,~wd
.~ .~,!husnsi' < 

' 

anofa ,ff Irctre)''.. ~research; and for their'sujpply of, so-called _"minor", foes 
gincludingrattan, latex, fruits, medicinal plants 

.ProductIve~of AreaUnder , Area Unria and resins. Acodn oasuvyb h International,<~""i~
Coe

RegionCountry Forests East I anst Unio for Conservation of Nature and Natural Resources
, management Man]gement U 

1W~~flA (ItJ~~M. aD~~roxitnatelv'n f cvnp~nt~~"'
Eop 145,46 13,0 93,010 ' 83,484 * iiaeyol'every si 5eis~ntoia

§&Sdyiel "-.534,500 

, ,,Unon 791,600 299,965 791,60C moist forests has some direct economic non-time useUnited States ',195,256:+ : 189,961i 84,378 'f '; s102,362 e m , arTropical Asia 305,510 200,989 3/,370 39 790 (24) Minor forest products, for 'xample, 'earned IndoneiaTropical Africa 216,634 163,033 10,610 - 1,735 $32 million in 1982 (25). Forests also serve to control theTropicalAmerica.":' 678655 521,651i 2444: 522 yilds and quiy of water fr agricultural and urban 
... World Total . . ....1,743,438''..... , ''' i;: per~a:::!'i..t....
.. 7'2,333,141 .. 527,777 ,5d!a d:u~,y by.71,019,493 areas. Studies lirt the United States',show that properly 

aClosedoranopy forest that is suitalble tor industrial wood production (rae.not ccrmarcil managed forested waters'heds can redu efodngb s' 

Aia America 
terca (FA. Rome,198) andp ncres watershed have'be7 

peat Atiaand 1Lalin are also exclued 
Tables 1ca n 


beum2. Dtarou d dl~.retUiaef Rome ontrccnmcCmur r
olistoe ryP tive the; is tetoetat canTboFAe, 1981),n 1d,ieonlbueh as 3n ye
Reg~on(Cheneva Canada, and other r etanifnatra foessprtcuaryincah 

t estNs i Food ad Agriculture Me Fsorest aECE, deeoirngntions.for" uaSnoures: fai4,, the US (U.imrmn fAgiutrWsigtn C,18 portt dvlpinroutieofswhereOrganization, Res' ofif I
1 Data onre etpasfr16 naFood ariduncdtrmge ions aefo AgdicunturelOgganizatianurFal)tropical.forests averaged,3Dat fncledStates aefro US Forest Se ricAssessment o the Fo2 ) Taid 

icu~tufeoization (FAO),Vod World Unaslva,Vol !hei ,10hil~i iii:~t Iew h:17 99 ;'::!i:i!Drg..an Tends and Posrpocts.": 20r, No: t rdst Resouas on 

Daoo reta o 19 ble s andd,pp. $27 (29d rvmeitl .a.. 


1 Fo(6 T alsi a RnFAO som&e y 1 milion ci c e t erse w ee n 
f mtorsU81)ocTa 

2,Data foruDpe d Econ c Comm Rte Ttale eptsne for roed by ,og' from4 Ic ~~andidind FA~LsRcssoetisd FOaent R rSD aAeiaToia oe 9t, dvl~~ 
3 zaiforDat t Uf ' C st A 

a FD 
e 

developing nations rntarse ylear dorth
 
EEtite dos aECood a nd i ana tin, TheForest1 t.fte ,
$2.7 billion (29).

s teuS.Foreo gna orve nterso o rs.mtre n f n t Previouslyer untouched tropical forests areg , ro s., a etNo Fore .. ur.....
s'nfo Unite Uan toetaece n oet~inieeao ,ta e ad Mcngatse e rma nd by being logged at a rate of 4.4 million' hectares 'per year;ue esSerurce 3.abi81, 'tble another 7.5 million hectaresiu'mitiion cui are bewe ..it Ap (v.nat i met.........rs...cleared for1976agricultureand..1979
 
V ' , ' . 'and other purposes (30) As easily accessible virgin forests 

managed'forests (78 percent), along' withthree other 

countries in Asia, four in Africa, and one in tropical ''",", 

.
 

A''"Figure 5.1 Manageient 'of Tropical ClosedteSari06u or 6aifis.for s" 
.'tt oe 'VNatural Forest Malnagement 'o. Forestsss1'''"'.,be r 

Most of the managed forest throughout the world is natu-.>. 1,'.

ral forest-composed pr~imarily~of the tree species 'that '. 34%a.Unproductive Reserves
 
existed before. any logging 'and therefore' not composed.' (41million hectares)'
 

s me , t '( om Unproductive'
of artificially plantied trees. In the tropics, for example,.ag aa 22.8%'etrr

artificially, rfgeiierated oriplanted forests totaled only' 17 (24mlinetats
 
percent' (7.07 million thectares) of the forests under inten-
 ' '','

sive nmanagemnent by 1980-or only 0.5 percent of trhpi- ''''i 

cal closed forests as a 'whole. The remaimii( 35 m~illioni' 
' 

hectares' that are mnanaged, intensively are natural forests. 7'i 

(21). These'.natural forests present foresters with some of..':.'...
 
their .most difficilt'challenges,
 

ma tiy
ations in West'Africa practice "zero treatment,".
 
in which officials prevent"'further 'explotitation of cut-over.''.'
 

,,orest's and wait until market' de'mands make the remain
ing trees more valuable (22). At the other end of the PoutvI 

.7
pctrum is"'intensive Imanagemenit:' ini which foresters
 

"not- only'conitrol logging butalso suppress plants andy Manage 35%

wit vau'bldihier(42 million hectares)

,trees,tha.t, comipete1 ibr -ihvlalspecies and pro- Jr .Productivel b~ 
'A'ect the46orest against fire an: disease' (23)' li""multipl I ,,..,..,:j , Undisturbed 56 2%' managestfr ler gols ~ Productive ~'f"i''""" 17,.'" iUSe" management,: aaeshvPodrol-' million hectares)they Longged and Unmanaged 141 "' .,Wokwt sm fr of the:6original forest. in order.'to' ., (169 milfion hectares)~ i
 

attain'a variety 'of benefits, SU~h a'swatershed protecton' ,"7''"r"' '",'"'
'...V.Yi7?4'A. .,,i 'A. l
recreat'ion, 'idlf ha itt "iesiyge etc non- ''A' Total: 1.2. billiIon hectares"' 'f ,f.A'.4"",i '' 

aua relgeNot' al*aae oet 'Tn,~.~.7Uprductive f~rsaro t~thatte Gannot be xpeocrmtalybauefIncs
,Not ali' a a e aual oet r logged . .- '-., sibility,topoigraphy' protected status. or other reasons. Such forests may be highly proucifmoist forestsjorexample; are-also imp'ortant for'reten-' an ecpoogal sensiiA'.livifan e 


'tibi of soil and c a 11 UnitedN oAgriculture Orgqnization (FAD),
faer'or,th~eirinfu"e nci a sore ons Food 61 lhipcat ForestRspre 
' 2: source6fri cult ur l~ ~ i ," o a 1 982),T , p47j 4 , ~ ,a' ~~ / an g ne yool ,, ~ FrestryPperNo30 (FA D.om able td 4 Vsore'fne,,arcutra n tibe sp'>', gene:'po,r:KK . 
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Tale5. ~ 'F an el -d' adorests 
Annual Production of Logs in the Because trees grow so slowly.n tropicalnaturl
1976 79~ '~- ~ managing tese forests for timberis usduai lessoomi.Topcs'. 19s, yel7viabl( ....... cui m ey a t an using thesae land foragriculture or 

y-Fonauri pasture, In 'peninsular, Malaysia,' for,x mpe h.t-ms 
rlFrtet commercially productive natura[ forest arns ony oe 

ropi a . third-the returh from-he d tureiTrdifW oul!:Broad:eaveoo22,140 21,400 the same forest were converte to r beroiltm6150 tthe.rnc t 
Coniferous 2plantations (36). One solutionc this i probleTroFrom Nsatural~52~otaR~Y'~ i-- 42,90 33,00 is~to rely increaisingly" on plantati ns'ffx jroducing tropi 

ropical Africa carr, mgwhileproectinga portion6adleaved 16,000 15,350 Lataare' t lare nofnatural-
Cniferous 7,0 150 forests to allow them t. . serve theirr important. environ-

Total 16,710 .15,500' mental and social purposes (37). However, plantation ,for-. 
Tropical Asia estry still has a number of management problems; such

Broadleaved, 772 50 - ~ 73.550 as disease control, that limits its success in widely-.vary<Coniferous 2,770 -2,750 -ing sites throughouit the Third World. Monocuture planta 
, Tl:. , 0,020 a o 7 0 tin forests also reduce thbiodivesityof plant and ai'Ttal Tropics ,mal

Broadleaved ( l -- 115,390 11 0,300r species and may
,-t 

alter the soil chemistry to prev ~ .~rvn 
23,730 fConiferous 14,90 growth of other tree species. In-the likely event thatthe
~ " Total -~ 139,120 - 125,200 massive iplanting necessary to .meet future demands is
 

a.tnctuoes sewlogs arid veneer carried -out,* 


ores:t Pape No. 30 r Rme, (FAC, 

* Note; no~.-iot man agers must rely. instead on increas 4 

Fe, (ean..................... management methods and on harvest- V 
-

riig,planting,' and processing technologies that make 
ort Paper Naons FAod e p ingly sophistcated 

maximum use of both natuiral and planted'forest land. 
are dimiiiished , commercil foresters are looking 0increas
ingly to secondary, or loggeod-over, forests to supply future 
tfnber needs. Unfortunately, many trees srch 5.4 lof the in Table YieldsFrom Natura Tropical 
forests were deliberately, left behind by loggers the first Moist Forests
-time"around:. less valuable species, trees of poor ~iorm, or (mean annual vWoo6"increment in metric tons per hectwre) 

- trees with unworablefiber or wood (31). 2Location ~-~ unmanaged Forest'~&- Managed Forest 
In developed - nations,,- silvicultur&--the management of ' -- Africa .: - 23-58 0.6-1.3 

trees for. economic uises--has been most successfu with -~-America 0.9-1.9 ,0.6-2.0 

forests of asingle species of trees that are all the same Asi - ' -- 3,74. 13-26 
-Note:Dtageuc asth'- foess i for unmanae to stalnds thatoulasfi te nrtweser frest refer are essenially inbalance; increment is 

s hoelByDf caused by occasional natural catastrophes.
Source: Frank H.'Wadsworh, "Productn of Usabe'Wood from Tropcal Forests, inUnited States (32v.rsopical forests, on the other hand , Tropical Rain Forest Ecosystems: Structure and Func ion, F. Gothey, a ,d(Elsevier Senlfic, 

arei of 126,000 square kilometers in the sultanate of- it'lf - 'F,-

Brun~ei. and~the neighboring'state of-Sarawak in Malaysia TRND I CO MRCA FOREST'
 
rontainsat least 2,500 native tree species. By contrast, in' r ' -if.
 

twice the area,' Greats.Britain. cotains only 35 species (33). The most sophisticated research in forestry alplied
'contain- - an"asonshn "net'" f°trees......Foeape ian -! ' utishinpeCoany, Nleeor,'ta, tolerancep. toDespiethie diversity, silvicultura techniques. to increase genetics, or "tree improvrem it"-sConcentrates .on tree 
the~vol and,.growth, rate of valuable species in' tropi- - itself. For centuri' forems he collected and cultivated 
Cal moist forests have, succeeded, in relatively small areas~ seed from trees that exhibit favorable" chard.rlstics'suchi 
in uch;ountries, as IndiaGhana, Congo, Gabon, and as fast growth gla formodou n )rest7
Suriname&(34). Techniques-include sh'elterwod. cuts that !topests, and, diseasesiAdntolerance a'nddrbught 
remioletlesivaluable t.e to .has .slowandineffiCiet;Historically,' theprocess beee 


4reestablih hmselves uide 'their'larger~ piarents;' selsec- environmental factors often obscuredt 'tree genietic

sile' I' h A teoe lre re nd leaves endowments, and improvemnent. apeared in'"smiall incre

-ntuones -mentsto grow;;Adn ri e nting iiawhich over decadesiRecet nce1n-' gnetic researchm s ad 
S ei rla h ne \where tes havebeen treepro tidn tchniquesniaketree breeding i 

f et s' , however, uron a science a o m ousyieldingenthas. prod uced 'disappointing. results.; n, n , an~lg~t ]itmagemen,' partkiular'l3 on_ plantatio'is.
~<>,>finilLturaforests~ isonly-0.7t 12 ~uzme ers o wood - It is difficult td,,assess~the rte of $re&mlro'eme -

hetr-cina~ rleso ayo
pe u e'dogrowthspou p ratesiof 5 to ,20'cubic around. the 'woild; all ne '.plantations Jnion 

meesof, wood. per,' hectare in plaitatirisThlroughot unnetoal',eemneth'eutn
-eepo r


thhdevelopn _w&]:mage naua f7r sipl yyusing aimted eri~iii
ciseds or- Seedngs.~
roduce lesswood than unmanaged forests niai ily be~Cause mosp~ Some of the' ~olitctd te-mrvmnonSol)ffrsthi~ ~~~~~~~ems reeimrotvitsdtdi~edicwat em 

m~otsanafoest r 6f~eltsile esriedblogr ise iin d K~sal'scn-rw hs mthds aled el 
unmanagedf6 ests~are-amxtr ofvirgin and seco'fi& -v -. -Iopei countriesb 
f non-qoiercial species, oeer h species present Seed Colletion:Seed is gathered fromn trees that appear

ii zaa drests tend tobe.more valable (5).t be favorable for cmnr 
-~~y, to o c~19J373-
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developed-world species used in plantations. Seed cooper-
atives and donor agencies, including the Central America 
and Mexico Coniferous Resources Cooperative (CAM-
CORE), the Danish International Development Agency
(DANIDA), and the Commonwealth Forestry Institute 
(CFI), collect seed for tree breeding and conservation 
throughout the developing world (38). CFI cooperates with 
individual national research institutions to collect and test 
the genetic value of several tropical pine species. The 
network has conducted trials of Caribbean pine and 
Pinus oocarrpa in 50 tropical countries (:p). 

Seed orchards: These genetic tree farms produce high-
quality seed in quantity. The most common technique
grafts branches from superior trees onto rootstock (hardy 
trees whose tops have been removed) and crossbreeds 
the graft with other superior trees. The offspring are sub-
jected to "provenance" trials to select the best trees, and 
the process is repeated (4e). 

Rooted cuttings: This technique, which is much less 
expensive than grafting, is possible with only a limited 
number of species. Branches cut from superior trees are 
placed in a nutrient-rich medium and made to form 
roots; these rooted cuttings are clones of the original 
tree. Cuttings of several poplar species are grown widely 
in Europe, North America, and China. There are two 
major disadvantages of rooted cuttings: they are impossi-
ble to produce in most species, and the best cuttings are 
taken from immature trees whose eventual growth and 
form are uncertain. 

Tissue culture: This newer method of cloning allows the 
replication of both old and young trees. Seed from a 
superior tree is allowed to germinate, and the tiny 
sprouts are removed and transferred to a series of solu-
tions to grow buds, shoots, and roots. There are few pro-
grams in the field as yet. However, in the United States, 
the Weyerhaeuser Corporation--which pioneered the 
technique in the late 1970s-plans soon to begin produc-
ing 100,000 tissue-cultured clones of Douglas fir per year 
in the country's Northwest region (41). 

C-/l Culture and Bioengineering.: In the future, genetcists 
hope to develop tr2es from individual cells-a technique 

Box: 5.1 Aracruz: A Genetic Revolution in Brazil 

that would allow the in-mediate propagation of an 
unlimited number of clones from a single tree. Successful 
experiments have already been conducted with crops 
such as tobacco, corn, and tomatoes. Recent advances in 
DNA research, in which individual genes have been iden
tified and isolated, promise future breeding programs that 
allow favorable genetic traits to be inserted directly into 
tree cells and duplicated indefinitely In addition, cells 
that have mutated naturally or have been artificially 
mutated might produce trees that survive high salt con
centrations, cold, or drought (42). The ultimate goal, 
according to researchers, is to use cell culture to produce
"embryoids' or microscopic infant trees, and manufacture 
them in capsule f-rm as artificial seeds (,1:3).These seeds 
would contain precisely the genetic structure that fore
sters desire. 

Although the ability to grow trees from cell cultures is 
years away, current tree-improvement programs [ave 
already produced impressive results. (See Box 5.1.) The 
programs are generally most advanced in the deve'oped 
countries, especially in Europe, Canada, the United States, 
and the Soviet Union (44). However, researcn on Carib
bean pine and teak, two important species for the Third 
World, shows promise. 

Th new technology has raised concern that genetic 
selection might reduce the gene pool and limit the 
options for future breeding. Although many tree species
have been considered for commercial purposes, they rep
resent only a fraction of the possibilities. Unlike agricul
ture, the genetic base for forestry is still broad. In addi
tion, by constantly "outbreeding" genetically manipulated 
trees with individuals from natural stands, most breeding 
programs attempt to increase, rather than restrict, the 
genetic base of individual plantations. In addition, increas
ing numbers of national parks and equivalent reserves 
are being established with genetic diversity as one of the 
criteria for management (45). 

In the short term, more emphasis could be placed on 
using indigenous species for fuelwood, polewood, fencing
and shelterbelts. Often, only fast-growing species are 
used, whereas the indigenous species are often better 
adapted to local conditions. Over the past 20 years,
Malaysia has increased its number of commercial tropical 
forest tree specie , from 100 to more than 600 (46). 

Not all the successes in forestry genetics are making bleached pulp. Aracruz now raises a References and Notes 
restricted to the future, or to the temperate total of 54 species, primarily Eucalyptus, and
countries. In Brazil, forests of various plants 14 million rooted cuttings per year. 1. John Spears, "Role of the Development
Eucalyptus species grown from rooted cut- Workers fell selected trees and collect sprouts Banks in Forestry Financing:' Proceedings,
tings by a private pulp company, Atacruz, that form on the trunks. The cuttings are Society of American Foresters Annual
have revolutionized plantation forestry in the treated to stimulate root formation and grown Meeting (Society of Armerican Foresters,region. The techniques have huge potential in a nursery. Bethesda, Maryland, 1985), p. 344.
in other developing countries for raising The average annual growtl- rate angong 2. Leopoldo Garcia Brandao, in The New
fast-growing trees for pulp or fuelwood (I). Aracruz's 14 million trees is i0 cubic meters Eucalyptus Forest, lectures given by theEstablished in 1967, Aracruz began planting per hectare. The trees grow as fast as 2 cen, 1984 Marcus Wallenberg Prize winners,Eucalyptus in Espirito Santo state on the timeters pegday, reaching 20 meters in heirtnt (Marcus Wallenberg Foundation, Falun,
coast of Brazil. In 1978, the company began in less than three years (2). Sweden, 1984), pp. 3-15. 
operating the world's largest single plant for 
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FOCUS ON: AGROFORESTRY lowed suit. International groups researching or funding 

agroforestry projects include the Internatitnal Council for 
During the past decade, managers indeveloping nations Rc-earch inAgroforestry (ICRAF) in Kenya, the '' )pical 
have sought a comp~rehensive solution to the intertwined Agricultural Research and Training Center (CA'lIE) in 
problems of deforestation and the need for increased Costa Rica, the (entral Arid Zone Research Institute 
production of food and fuelwood. ()ne of the most (CAZRI) in India. and the Iternational Ihstitute for Tropi
promising "new" systems is agroforestry, a set of land- cal Agriculture (ll1A) in Nigeria. Accoiding to ICRAI, 
management techniques borrowed from both the latest agrofv restry projects are underway in approximately 100 
science and from ancient practice. As the name implies, developing nations. 
agroforestry combines agricultural and forestry methods The projects have demonstrated agroforestry's major 
to grow woody plants on the same land as agricultural benefits: maxinmum use of climate and site, increased 
crops or animals ('17. By integrating different tises oila productivity, ;nd evenly distribute(] economic risk to the 
single tract, the manager attempts to increase tie total farnier (54). In addition, agrofo restry's tree-cultivation tech
productivity. When the technique is sustained, its benefits niques allw farmers to take advantaiye of woodland 
reach beyond the fairii: increased harvests of fuelwood, benefits even when they live far from natural forests (55). 
food, meat, an1(d ither )roducts lessen pressures 0I, Trees grown auong agricultutral crops or oi pasture land 
farmers to seek new agricultural lands at the exlense of can provide tuelwood, timber, nuts, fruits, food for cattle, 
lleighlo:ing lorC'ts. and fertilizer Food crops catl also benefit when the 

As early as 8,0)0 years ago, hunatns making the transi- a)propriate tree species are present to enrich the soil, 
tion to agriculture from hunting and gathering developed prevent erosion, retain water, and shield crops and 
a primitive agroforestry technitque. They cut the forest, animals from damaging wind and excessive stulight. 
then dried and burned it Ioclear tie land for planting, The range of products that ca Ibe grown on a single 
returning to the soil the nutrients trapped itt the forest plot depend!; oi the method used, but generally falls into 
biomass. Cropping lasted for several years, and then the one of three major categories: agro-silvicultural (trees and 
land was left for as long as a tlecade to allow the forest crops), silvo-pastoral (trees and livestock), and agro-silvo
to rejuvetate-and to prepare it for another round of pastoal (trees, crops, and livestock). (See 'hlible 5.5.) 
burning and cropping (18). Though it is the sitlplest of '"lhungya' one system that combines crops and trees, is 
agroforestry nlethods, that techinique-called shifting culti- atcontroversial reintant of British colonial policies in 
vation, or "swidden'--has by no means (lied out. Shifting Burma. Farmers are given the tempor:try right to grow 
cultivation is stilt l)racticed oti 30 l)ercent of the area crops in new forest plantations; in return, they help tend 
where the technique is possible )4 i). However, over time the young seedlings. In many cases the arrangement is 
swidden is ntot always beneficial, either to the l)eople only temporary; forestry takes precedence over farming, 
practicing it or to the land itself. Where popuilations are and when the trees begin to shade out the crops, the 
growing ra)idly, farmers shorten the fallow periods and farmers must leave. Some critics thus consider taungya a 
seek new forests to burn. often taking over tracts system for afforestation rather than an agroforestry prac
recently cut by the forest industry. In Africa, swidden is tice (56). TcHnzania, regarding taungya as an "exploitive" 
responsible for 70 percent oi the continent's leforestation practice, has abolished it (57). 
(50). Nevertheless, variations of taungya can be foutd else-

Within the past ten years, new form,; of agroforestry where in Africa and in Asia and Latin America. Nigeria 
have become recognized as an alternative to shifting cul- uses it to establish teak and Gmrelina arborea plantations. 
tivation, and international donor agencies have come to Piaid laborers intercrop plants among recently planted 
recognize that forestry and agriculture are inseparahle in trees. In addition to providing a new source of rural 
the developing world. Kenyans, for example, now i eet income, the practice reportedly yields enough food for 1 
47 percent of their wood needs from agricultural la.ids, percent of the nation's population (58). Similarly, Indonesia 
25 percent from rangelands, and only 28 percent from uses taungya to establish 40,000 hectares of teak pl'Mta
forests. In both Pakistan antd iii Java, Indonesia, forest tions each year. lb overcome tatigyas temporary nature, 
reserves produce only 40 percent of all timber and 10 the government oi Thailand has established 26 forest vil
percent of all fuelwood (51). lages with schools and medical clinics, in the hope that 

In recognition of farmland's increasing forestry burden, the farmers will settle permanently. The government 
assistance organizations have shifted greater amounts of offers garden plots, wages, and bonuses for successful 
funding toward agroforestry and community forestry. tree care-as well as the traditional three-year right to 
Twenty years ago, findiig for these projects was Mini- grow crops between young teak, eucalyptus, and melia 
mal. Today, at least 11 major international groups help trees (59). 
finance agroforestry and community forestry projects in Other forms of agroforestry take better advantage of 
rno:,than 5(1 countries. From 1972 to 1984, expendo,'ures the mutual benefits of appropriate trees and crops. In 
totaled $750 million (52). Forty percent of the U.S. Agency Costa Rica, farmers use Cordia alliodora, a valuable tim
for International Development's forestry assistance to Asia her tree, to shade coffee and cocoa plants. In the central 
now goes toward agrotorestry and community forestry highlands of Papua New Guinea, plots totalling approxi
projects (5:1). Research and extension agencies have fol- mately 25,000 hectares contain coffee, food crops such as 
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Table 5.5 Agroforestry Systems and Practices 
Major SystemsAfOrSytema PracticesPratie s''faegiw(In Regions Where PresentSonWhe re Pre 
Agro-Silwcutral Itrproved tfallow (it Soulie,01st A',ila EL. 

slifting Culltiatior 
areas) 

arid Centtal Africa 
Amen,,Artropcs 

lauijya South Paocl Southre;is 
Asia. South AS Eas alt 
Cienttal Afrsa Wt Afri(ia
Arirca Tropc 

rree gar iew(rIrriaily rui Sooth
Sothi 

ILdir11.
A Asiar, Oct 

arid rot trees 
used aleo fitudiro foM 

Asiai, Midle Eastrid 
UtMetor-l ar ear Ar rleriicar

trmn 
StrdrJerow ,IiterICtiiic; Soutlhe&.t As,a 
(Alley (p, j)I));L~a 

MultIrnruse tro,,, ,,
sfrtuts oii 

t aod('u,,il Africa 
Wers!Afr,.,,j
lIt,,i ,qiI d,,elctS, ,,
,,,ddlrt..',ilJ 

Crohs LUorrIi,tliI 4,11 l rio.,iul ireV6,fPirJ 
Mpllotuiol tr sooll, Piude.I 
trues Suollie t Asa So,,t At.,r

[Ed;tano Cenib,il Aff(iliAretra Al,,i:r 

Sheit(_belts
wiridbreaks t 

Itroughut develop,,,
e,,ood 

covsrrvaron itedl fJ 

Silvo Pastoral Priitt bark 
carf' fodder 
productori) 

(otl id Soutrheast li, a r i 
Asia East ril Citilr 
Africa. West Africa A: r,, 

Liing feice o1 tuIor 
cart riO cs
Setdhsl sa a . 

trees ard liedge" Asi East arr ;'i 
Afnica Aniericai Iri,,:: 

Trees arid shrubs' Of) [hroughout deveiopirig 

, s irots o old 
.no Silvo Pastorl Woody liecge; tor 

browse Hrur01itel 
South pactfc 
Southeest Asia, 

Iriarirre. sWo 
conrsersatioi tc 

South Asia, East 
Central Africa, 

arid 

West Afrca. 
ore gtrdeis (will nary fihrougtuit developrg 

herbaceous
plants) 

arid Woody world 

Other AquatoTesry Southeast Asia 
(silviculture in mangrove
swarTIps, trees in bends 
of tish breedag pond
Ship, g cult~valonl 

tP)
South Pacific, 

(e g, swideen) Soutfhroast Asia, 
Soulth Asia, East arid 
Centfal Africa, West
Aftrca, Arrercan 
Tropics 

(beekeepingculuewh trees SoutheastPaifa, 

South Asa, MiddleMediletrraea,,EastEast andand Centra a 

Africa. West Africa 
Note: "lat does nel niclude dair OnEuiolw vricr airolu,_-i, is cotiimbo, o, a ts1nLl 

scale in loiolrrlls aid midde ieicles OfITIOU11iIIIIit toi,uowl d regions !,;f.ti ; Acially rive valleys, pulart are offr, couriirit 4u.itill,,i
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bananas, and Casuarinaoligodon, a tree that provide.,;
shade, timber, and fuelwood (w). In China, almost 1.3 mil-
lion hectares of farmland have been intercropped with 
Paulownia, a fast-growing, broadleaved tree that loggers
have long prized fur its timber. lit the wheat fields of the 
Yellow River Basin, masses of luulownia protect the 
crops from hot, dry winds that can reduce harvest yields
by as much as 40 percent (61). 

Pouluwnia and Acucia are also important in silvo
- pastoral schlemes. Pwulolvnia, which in five years canpatrlslei. 1urw ahchifvey rsalgrow to 17 meters in height and 30 centimeters in 

I.[ I~ nml odra ela 
dianete, produces good aniunal fodder as well as wood.A ten-year-old tree can yield 30 kilograms of dry leaves 
and 400 kilograms of young branches a year (62). Twenty 
uature acacia trees growing in just one hectare produce1,500 to 2,500 kilograms of nutritious pods for cattle and 
other ruminants. The trees' pods and edible foliage aremost bountiful during the hot, dry season. 

Alley cropping uses hedgerows to substitute for fallow 
periods in restoring the soil. The system, which allows 
cropland to be used continuously, helps slow the destruc
tion of forests by minimizing the amount of land needed
by each farmer. Leguminous hedgerows of nitrogen-fixing
Leucaena leucocephala and Gliricidiasepium flank crops 
and renew the soil with nutrient-rich leaf fall. Alle crop
ping thus duplicates the gains of shifting agriculture; yetit is a continuously productive farming system, yielding 
food at the same time that it restores the soil. One IITAalley-cropping project involving Leucaena and maizeproduced three to five tons of tile grain per hectare-four 

perlltimes Africa's average yield (63).Home gardens, the most common form of agro-silvo
pastoral systemis, include livestock in the management
nix. The Chagga home gardens on 'l.nzania's Mt.Kilimanjaro use limited space efficiently in "multi-storied" 

farm plots that raise a variety of products from root 
crops to soariig trees. Individual farm plots, averaging
0).68 hectares apiece, cover approximately 120,0-0 hec
tares on the south and east slopes of Africa's .,,ghest
nmuntain. In addition to coffee, the major cash crop,farmers cultivate 53 tree species, many of which prevent
or minimize soil erosion. Approximately 90 percent ofthe tree species produce fuelwood; 30 percent yield medi
cines for humans and livestock; 25 percent produce 
poles; 24 percent, sha,,e; 23 percent, timber; 10 percent,
fodder; and 19 percent provide other benefits such as 
mulch, fruit, and pesticides. The home gardens meet onequarter to one third of the farmers' fuelwood needs, and 
in most cases F:,pply all the fodder for household livestock. The trees grow amid food crops such as bananas,
beans, peas, potatoes, tomatoes, yams, maize, taro, and 
oInions (64).In Nyabisindu, Rwanda, farmers replaced shifting culti
vation, overgrazing, and accompanying deforestation andsoil erosion with a multi-storied agro-silvo-pastoral system. 
They planted trees and hedges in erosion-control strips
td,that yield shade and increased humidity as well as fruit,
wood, fodder, and green manure (plant material used as 
fertilizer). Results from test plots indicate that a typical
family using the system could produce a fuelwood sur
plus of 25 to 50 percent beyond its own needs. A multi
storied plot yields 54 percent inure calories, 31 percent 
more protein, and 62 percent more carbohydrates than a 
sinmilar site that contains merely one crop (65).

Agroforestry is not restricted to the developing world. 
In hilly parts of Europe, small farmers traditionally graze
livestock among cultivated trees, or grow trees among 
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aeaneslive 	 animals r p e t a u
Scrops. Catte ca been amiong the"68000 hectrs~tof exports, in 93 n ayAfia n ot Ae ican 

Spoplar plantationsithatr have been est' blished alog rier countries lestock products :account'f, a largeportion
 
4nlleys in l and Germany 6),in Ontario, Canada,. of.total agriculturalexports (70).
 

op g etween ros corn ansoybeas (67)In Te mportan of rangelands aries oside 
Asralia --and -tli United cattle -graze7,-7... among-different-cul tures s ra-cono-h'souf her -te, . Countries - vith

ari plnains(8. they provide'forage for'cieee 	 mies value, rangelands because 
Agrfoesty oesno suced verywhere, however. Ydomestic livestock, wood for fuel; arnd other products 

The successful mixture of'tre'sith crops and pasture is necessary for daily living i .populations increaseA hull 
more likely to occur (andoftendoes so sponaneously) and competition forland intensifies ri rdasing
when three conditions, a, met.First, the environment :,pressure to convert range into cropland. ldev6lopedl 
~must 'be favorable 4to the growth 'of trees, with suifficient "'countries such as those of,North Amei wateshed con- '~N 
rainfall'and fertile soils. Second, populations must be sevto n erainjonlvsoka motn range- ,, 

dense enoughtofavora mo intensive use of land-and land values. Ina few 'countries, efforts are underwayt 
not ,odense, :preserve some range' as wildern essor to use it for dis- ''that short- term survival replaces sustained .
 
management.Finally, the social and econmic climate' posal of 'nuclear and hazardous wates.;' ' "
 

must favor and management of trees. Agroforestry

has a chance of success when farmers hold tenure to Extent ..the World's Rangelands , . ;
 

their land, can protect their trees from browsing animals -.
 
<iand:and~ca n can~successfully sll,sell their prdutsproducts. When Whe theth rigt Despite their importance, knowledge of the: extent,u~-c~ces, -... right,.,,,,-	 of, the... 	 .,-<,,'" 	 .world's rangelands is h'm ni n con-prhenisive,!
environmental and, social conditions have been met, the world's r ad is i,'iop,,e,.o cmpehih., Yofis=rfoesi hvglobal 	 assessment exists. Part of the problem in.condutt
benefits groforestryhave been substantial. sc 	 efini

ing o nassessmeng 
- range,' pasture, 'grassland,' and other types of land 'atproduc~e forage 
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s ea thmost completerangeland data available were com-
Rlstocand wil anals provide forefor free-ranging piled' by the FAO ari are organized by type ofvegeta..limistoatin whdatimashe They typically have p~hysical The total amiount of range in the world is~estimated '"'-tion. 

liinttnsiv Forakte unsuitable for agriculture or' to be 'about 6.7 billion hectares, ,orabout 51 perent. of,
forestry instance, more than one third of the total land. (See Table 5.6.)aThis figure was derived by

the eath surface' is too dry for rainfed agriculture arid is ~ adding the area, of permanent pasture; 3.16 billion hec
' 	 'used as ra'ngeinistead. Other areas' are too steep, too tares; plus the 1.37 billion hetrs foe forest plus 


rock poorly drained,~ or too cold.'About' half the world's 'about half of FAQ s "other-land" category, or 2.19 billion
 
land surface' is,considered rangeland.K.. hectares of desert, tundra, and "scrub. 'Other estiMates,


Rangelands provide forage fo'r abouit 2.9 billion head of' may differ slightly, depending on how they,count perma
cattle, buffalo,' sheep, aind goats.. These .ruminantjscan nent pastures, deserts, open forests, and rangel and. (Also ~ 
4turn cellulose, which is indigestible to' humns, inito' see Chapter 18, I'andidse 6nd Cover" Table 18.1.),'" 

"q 	 protein-rich meat and milk*Globally,,tbe total investment 7 About 75 percent of Oceania (Australia ,and New Zealand),. 
in domestic. livestock is at least $400 billioin'(69). World- 'and Africa is rangeland, mostly'arid and semiarid landl 
wideexports'-f fresh 'and frozen meat,' m~ilk wool,'and " Fifty-eight percent of China is rangelandl, mostly broad 
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step)let i ,,f North andnl(ntaills, ad deelts. :\lbut hall 
South Aierica is ralige. ()nI thlese contilitnts, raligellds 
itltitlde tIlt ttitl' ,rISSlIlll(lS. SLIchIitS ti' Jilt i is Of tilt' 
tilit(d States nd tilt piallms of Ailntll Iss, m-'ll as
deserts, tOpenll it S, anld lild that v+,ls t'.calt-d Of lorecst. 

irllpe, tilt' 1S.R, aund Asia (Ixclildinm ( liia) are less 
than ,1) Iertcelit rillgtelalld. Ill tlIt's alews, l)tl InuleIlt 
piastllres, optkn for sts, ind hulllid WIstt'l.idS toll)lnillet 

with grasslands it) provide tlhe no~jOr gllzillg luznds. (Sec 
'lhiblh 5.6.) 

Systems for Using Raugehmid
Al iotigli there at' nvw ,,pecific .s stems+ fr nt.tusinlg lange-

land, thtv fall to ' g ee i tittll . thiose that ist',
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fro ll fi,, lind (lailclics) and those tilat p ovide stl ,,sisteilte 

lot tihe, peo)lc ,,vhI IX, tiht' liv'.stock (paStial Nstelills) 
N,:ither sstlem is inherenlly I ietttr method Of allaa-
lig the resolrct'h, J)I bOihls ilin cith, at' caiy", ,,dMll Ib 
variety Of fictors sUCit as tvpt Old nitelI.ity (dList,. 

i'lte riclih svste',I is tylpiiiwd If lit liluit's of Atu'alil, 
Eurotpe, inti th ..iltric'as. SlIt h ,lllCtis LsI iliestmlIIts 
of capital id kilio[ls lihlllgeliiellt tctIIllittles (Iti lalI.' 
acreages of land to iliclease cattle I)otdctiOn. ilitv,:; 
inlputs are relativelv low. icitilng, ,.ate ctl'Vlopiitnlit, 
brush c(lltrol, seiectie b;ae(ling, alld graiit1 IlllIage-
IIltl tali n he used t0 Vtlyillg tge2,s

It lic i Syste s rllr llyrv I h i llqu 1;1 1 lillhilnmg en 110 1lL [) T r 

than pastoral s'vsellls, although this is 1t trle ill phltes 
Such as Eurpe wlere ranchiiiig occlirs LII ilnteizsively 
lIalliaged ta'.ne"' pstureliad. RuiIh s*,steIlS ofte n rel 
o it Sizale aI/ih(ht'lt uif ptivattly-owlled land, son1etilles 
augle tI'd with pulic rangeland its Is 0ol110on ill tile 
Ulliteti States. Whtiie there is ligLure for tin' 
amount of ranich liiald woIldvide, there am figures for 
certail cO1tries. Brazil has the greatest art ill ran1ches, 
about 175 Ilillion1h1eOarS thati IItCed 91.7 111liiiOIl 
head of cattle in 1985. (if this area, about 6i.6 million 
hectares are improved range and 13.9 million hectares 
are ill a flatulil State .;. Austialia has 150.000 hectares 
of rap ches. At least 300,00tit) IetLres oi this ranlitlalId is 
extremnely arid alld it supports only 5 percent of the 
country's cattle eveii though it repICSelts two thirds ofI 
the land. 'ile laveilge size of a ranch ill this region is 
76,268 hectares and the stocking iates are als low its ()i1e 
head of cattle per 4(1 hectares (i,). 

The pastoral system is CoInnoll0 ill Africa. the Middle 
East, and Asia. Pastoral systelis rely ol fe Itc calialical 
or chemical inputs id are higihly lahor intelPsite. las-
toral systems ii iolve moving livestock herds from One 
location to niIttr, LISuially oil tAill1,4 seasoilal patterns of 
forage or %uiter sources. hdividual lajid ownership is 
LiictOIII noll in traditional pastoral systeni+, and lania 
maagemenlt, paltiCullally any activititc; thai ICteiire (api-
tll Inputs, is minimal (e-g, setting ot iige fles or hrad-
cast seeding before moving on). 

Because of tile nattiie of this systel, it is dificutlt to 
estimate tie allioujit of fallge used by oialstordlists How-
ever, livestock suppolls all estimated 30-40 millioI 
nomadic people in developing cotties besides being 

essential to millions Of fariliers The illipoltance (if cattle 
in a pastoral systelm is ll.llvfold alnd livestock are more 
than] sources of milk ant lileat. 

Iivestock is a colliloll ncalls of iceLlUlLlatilIg capitalanidt the .sizo., Of a hticrd is ;I mark O)fSOLciall stanlding. ive

,tock are assets that cIII rep)dnee ;1d Call he liquidated 
if cilsh is nletied. RIalgelailds in pastolral systems also 
serve as illpolrtalt solluices of fielwood, fencing lllterials, 

100f thatch, iieditlinal plalts, gLonns, incense, tliilins, and 
other Lisefil I)lducts. The , ildllif tit rtOIls Many range
lands is oftel a imajor ftid ;omrce fur local people: initg(iaNI. for Iialh',ltarly i.) Iercenlt of the lllealt cOl
sld isihfrm wild alnials ,), and in B,,tswanaIlite fig

is 10ijielcilif. hi aldditiOl. celtaill ntiVe groups 

( eIIld ICiltltltY (1il Ji fiI sLbSi.-,ibcl( (Aij. 1itlllge-
IiIhldS ,iIlSo 14 0 6, 1Cd ltik , h it . I c li s, M IMt~S, i lnd O the r 

hlllliall foods. 

l~\vestck producs are .xtrtsnly impoitant farmerst to 
s Wi Witlhout I ,ts tIk, it is estimated that developillg 

C t('5ies would ila~e to spend an additional $10 billion 
t 'll liical power fr agrItrltorei a lf $6 billion oii 

citlilizcr ci,). Alinal power supplies halt the nonhuman 
e'llergy usetI ill agricuitultC in keveIoping countries ('7). 
l)unig, tilt, haditional method of milaintaining soil fertility, 
is still al ilportant linflint souice. li India, it is esti-
Inattd tilat dtlllg Sl)jpliS tit, 'qnivllt't of one third the 
chemlical Iritilizer produced aillltlally (iS). Whell fuelwood 
ISs cIce, ;IS is icealsl 1141y tilt' case, ilung also SLpplieS
]hto tse lltd fliel (to tilt- d tlimen t of s o.ilfertility ). 

Raiige Productivity 

The type and degree ol Ilalagel-Ilent used on rangelands 
call inake significant differences in their productivity. The 
prooggltellrtductivity of Europe's intensively managed pasturelands, 
for exanIple, has increased beyomd 500 animal production 
trnits (APU) 79.)per hectare per ye-ir, co.iinared to less 
than 20 APU per hectare per year ill most developing 
countries (811). 

Pastoral systems are not by defillition less pw'oductive 
than ranch systels and their potential often has been 
Undert'stinlated. Airican pastoral systems call be as 
productive per lectare its nIarket-oriented ranching sys
tenls in areas of comparable rainfall in terms of the 
aImlount of protein produced per unit of land. Conven
tional ralching is more etfficient from a labor perspective 
because it produces much more protein per hour of 
labor. But colventional ranching re(luires vastly greater 
energy inputs, something that most pastoral econlomies 
would filld difficult to Supply (,81).(See 'table 5.7.) 

Although lie nutlber of livestock continues to grow, 
tIt'e growth lags slightly lehind IlUllan pOlIlatioi 
ilIt reases. Worldwide the inventory of livestock that use
 
,uI, elad (cattle, buffalo, sheep, and goats) has grown
 

fron 2.7 billiol head in 197,1-76 to 2.9 billion head ill 
1985. The numlber of animals slaughtered annually has 
increased fiori 723 million to 842 million. However, 
b'cause of hlinaul population increases over the sane 
period, the 1ul1ber of livestock per capita fell from 0.68 
il 1974-Yi6 to 0.61 in 1985, and the liuimber o livestock 
slaughtered pei capita remained steady at 0.17 (82). 
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Tbe5.7 LbradEnergy Inputs to Livestock Counttries, such a's those of North America. However, thle"' 

Production in Three Regions data available for many areas, such as thle countries of 
sub-Sa:hran 'Africa, are limited In some cases, only sub

* ~ , ~,,. .~Fossil SV~'. ctvetiates or remlote sensing data from satellite
~~rti ) eciv ortiid',a~la'~i 

-' ~~ " A~ eY.~ (hosn imag'~%4 ery are: available.,
-L- RilocaMostief-tl, toor-er. beew-degraded 

United States 03 to0.5 0,9 to 1.4 25 o35 , some degree, In certain areas, such as the western United 
st(a0.4 19 150 States, some restoration has taken place. In other areas, 
Sahel m 7 01f :NofnNadi , 04 00Gt . 001oSuch as MUClv'oqf Western' Asia, dgatincontinues,

0Transhurnance01 to 007 0 ,.,,,
 

Sedentary 03 004 0 North and South America
 
Notae: a: iAd]r(n have Ior than 500 iiaometors of rainl ll per year ::,
 
Source: H Bremai and C T de W "Rarqeltaid Ptuductivity and ExioAtalron in the Sahll,"
 

2p Te most complete data available on range condition and 
how it has changed over time are from North America. 

R :Kange Degradation :Grazing by domestic animals has been a factor for justRg over a hundred years in most of the western United 
Most rangeland ecosystems are relatively susceptible to States and early explorers described the region as a live
degradation: for. example, arid lands, tundra, arid high stock grower's paradise (87). These reports spurred inves
mountain pasture communities are less resilient to disrup- tors to establish large ranching empires using the virgin
tion:than huimid ecosystems. In dry areas, niatural plant rangelands. Within two or. three d~ecades,thie herdls grew 

growth is sldw and plants are adapted to extremes of far beyond the land's carrying capacity. Pressed by a' 
wind, rqinfall, and temperature (83). series of severe droughts and blizzards during the 1890s, "' 

Arid rangelands are especially prone to the process of the livestock industry crashed.'
 
xerification, or drying out, that can be caused or acceler- The dramatic degradation of the Dust Bowl era in the
 
ated by overgrazing. If'a range isoverstocked, 'or if live- 1930s-the climax of an abortive attempt to farm the
 
stock cluster in one 'area SuCh1 as around a watering hole, arid rangelai'ds-spawned a general conservation move
overgrazing canl nearly eliminate the most palatable itleUted States, and range 'management con,,en
plants. Specifically, whena plant loses its leaves to graz- cepts became incorporated into laws. Since then, both
 
ing it moves' nutrients from its roots to grow new leaves, public and private rangelands have improved and are in
 
causing the root area to shrink.Thisreduced root system better condition today than at any other time in this cen
absorbs less water even during rains. As more palatable tury (88), However, these lands are still degraded from
 
plants are weakened, less palatable species become doai- their ecological potential (89). Of the 883 million acres of
 
nant. As even 'these are overgrazed, the plant cover rangeland in the United States (including: Alaska), 32 per
becomes'scarce and the soil isexposed to trampling, com-' cent is coiisidered in good condition, 28 percent. in fair
 
paction, and severe erosion. When the infrequent, but condition, 28 percent in poo condition, and 12 percent

heavy, rains characteristic of arid zones occur, the water in very poor 'condition (9).
 
simply runs off rather thi penetrating the soil and Although it is not as easily documented, the rangelands
 
recharging the groundwate. of Canada and Mexico have followed a similar pattern of
 

In thle worst cases, rangeland canl become so'dry anid use, misuse, anid gradual improvement. All three coun
degraded as to become unproductive. (See "Desertifica- tries have areas that still need improvement, but overall
 
tion" below.) While moderately degraded range can usually deterioration has been' stopped anid conditions are"
'~,the 

be-restored over timle through management, severely gradually improving, -

degraded land may require expensive techniques such as The rangelands of South America, particularly those of'
 
plowing and reseedin1g, and this cani mean the land is Argentina, Paraguay, Uruguay,' and' Brazil, have also seen 
 ''. 

'beyond the point at which it can beeconomically restored "a pattern of overstocking and degradation[ Management 
in this region isparticularly complex because South "'' 

CONDITION OFRANGELANDS (84) from humid tropics and cold deserts to coastal plains and 

Range condition 'is a complex and inexact estimate' in .alpine No overall 'assessment otheir cndimeadows 
which the present condition of the soils an,vegetation Is tions has been made. One particular concern is the cut

ting. of to icalfoests' to! create both range and croplad 
comnpareq with what,+t +i+is+:thought' ++ tl };+tobe: the most produc-i~ +:+:+ ++++ rpclfrsstcetn Ifotevents that can serio ''+:++++ +++,ii~ii~~i+i ++:ih+ ti~o rausndcoln++,++which sets +inmotion a +chain 
tive community possible on thatland given the climate,
native vegetation, and oiginal soii type (85). Generally, degrade the land'sproductivi 
'range is in good condition if 75 percent or more of the 
native species are present and poor if25 percent or less of Asrla'1. 

native Species remain (86).' The history of settlement and 

III practice however,sou'es"'adrange conditionsman are reported. ' ullysc~ed a d'+++¢ mos werewre!
 

+the . range use in Australia'is 

diferen similar1 to that inisthe A'mlericas, and stragerangerom mny dfferent+mesr
f o arid,, aridonhetarnspartrcu rev 

amoidh'diff'rentcountries ifilt,., Reasonably,, good data ularly sus eptible to drughttadoi sound, standar exist.rorasomer -aec'hniqaes 

b d' f ' 'n p. b 

+ @ +++ t + : 4, 
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r angeland Conditins inSelected Western Asian Countries 4 > <* 

..,count Locality:

Size.of Hangeland ange Condition.RangTrend Cauea 
 Remedial Activities Sorc 

'iSyria ,''" ~Overgraz ed "'"- specified, but either Tioo ania mals;most ~<.Not 
' '~'"Coutrl ido generally downward, or productive rangalands ~''' ~' ~'j2' '8,700 00ha' '- sal pwcfuc_ -destroyed.byowng

rr (gr ssan as)= ~ -'' livity '- "" ' uprooting of sXubs'for>"'""' 
fuel, establishment of water 
grazing controls 

pon (wels anyiculwitehoute 
lacd:ro~s;y gat; evlome uraldevelopment project 

. .. ... 

)y,spe~eso~l~tle~intfest~to 

tnterior Steppes: Arid Original plant community
Deserts virtually eradicated: replaced

by species of little interest toW 
humans or animals 

___________Agrarian 

People's Democratic *Degraded stage of
Repu bic of Yemen' retrogrebision
CouPntry-wide
9,000000 ha(gr-

,000ha,'2,500 ' .scr'ub ... 

Yemen ArabRepublc Majority of "woodland" 
7 00 G ha ..pasture)better classified as range-

00000 ha wod l landeserl 
Depleted plant cover 

'' '' ' ''' ''*Dectine 

I~'raq'
Coun'0try (raslad)de

1,GG
33,000,000 ha (other
lands)' 
Steppe Zone Predominance of unpalat-
6,200,000 ha "able shrubs 

Disappearance of natural 
:vegetation '" 

Mountain Range' eiena'aarb(Frest and Su-lie gassgSubalineg assegnrly scarceannuals predominate ' 
S Alpine Meadows 'Good seasonal grazing 

-''4 four months) 
,.,', Southwestern Desert 'Apparently fair- "luxuriant

1 growth of annuals inthe~6,7C,000 ha 
' '"It spring, shrubs available dur-

'4... ~Ing summer and winter 
Country-wide ,'Low productivity~.3b 040 000.ha (grazing 

' 

land, I e. uncultivated) .lands ~ 100000 -ha (forage)' 
A 

:: ... 

Long history of degrada-
tion 

'. 

*Declining, or stable at 

minimal productivity 


' ,, '.. 

Long history of degrada.
tion ,

Severe sheet and gully
erosion 

in livestock num-bers' 


Werd 

range can be restored to 
some extent : 

" 

*Unspecified, but condi~ . 
lion indicates historical' 
downward trend ..

'Continuing toss 'of range-

land 'itr 

' 

'Apparently stable 

'Downwa rd- "steady

deterioration" 


Long-term progressively
downward trends 

wells erUeo 

Overgrazing, especially
goats; development of 

wells permitted over-use of 
plant resources 

-by 

. . 

*Grazing pressure; fuel-
wood collection 

,'.. ' .n. 

onersn da 
fa*cuttinrg ln: ; ' 

' 

" 

" 'Overgrazing 'Project~ 
- "Conversion to dryland


farms 


plo'ver-"i'~'
' grazing' 

*Limited seasona! usage 

'Overgrazing; inpart due 
to trans'huring flocks from
neighboring countries 

' Uncontrolled grazing; " 
conversion of some desert 

to dryland farming
(Jazeera locality,' " 

.. ,' ~ 
.. ' 

tr cti of forage
 
9 legumes into large parcel;s
'of fallow lands (one third of ,

cropland is typically fat
towed)
rineatedSDFAQite agrci l.'..*'*Establishment ot range

management coopuratives 
(44 in 1977 with approxi
mately 9,000 people)
 

Arab Centre for the
 
Study of Arid Zones and 
Dry Lands (ACSAD),
includes range manage
ment work'e 

Law permits each family
in tewestern mutieinoly one' goatretiotn of the "Steppe
~~~Department"within the .. ; '""' 

Ministry of Agriculture and'a." 
Reform> 

2. 

tiand) 

Pl o j 
' Pilopnlecnt"iasai. 

antdeven e impoveet 
etr Msto ietc

'~owned ' >'..by villagers and ' 


communally grazed near
 
' ag ' 

Establishment of the4 
D:,rectorate of Rangelands
(a(rsln)1976);included 10
egional facilities~ 

development;:'

improvement of grazing


lands Inthe H-ammad Vatl.' 
ley" (10,000,000 ha) ~. 

''t 

'' Ll' '4 

- " ~ 
Number of sheep had to -'"'>"-'A:;,

be reduced 
*Establishment of com.
 
bited crop and sheep '>>""


cooperatives and govern.

ment farms
 

. 

' 

sheep breeding progarns 
-~ ~~. *..il I~ "~sheepand steer finishing '" 

""4,' ''>'' ' ,.-~...,, ) rojects; feedl processing 

7 I~Vknwre1987 
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' IForestand Rangelands 

~ ~ 	 ~Table F.8 
'Coiin"/yLocl 

Size of Rangeland ARange ConditionA F.langeT'rendi CaL .As Remedil Activities' -So urce 

'~' ''4pasture)~~' ________ _____________________


2020800 ha(oe =ierlandr"'"
 
and Mouintain . Not specifiedh - b p s wrd sizes decre s ") Apparenly none


S1975 surveys noted "little ~'(mrvn)nomadic. reinr*~ ~ 4
evid:1ence of damage to ' 

plant communilles' 
Saird Katat and Batlnah * Over-used * Not specified hundred * Excessive woodcutting, 

A heavy grazing and train. 
Area ut prhap ossity lprovr~gpling by livestock-'* Nt spcifed, * 

"Settled air"c pat a 	 Although animals areNospecendtn 	 ieenti 
lair condition at present dconcentrated in these 

areas, there is heavy reli. 
ance on tadder,crops 

Jordan '',*Loss ot vegetation ' Degradation for hundreds -,Overstocking, especially *Measures to restrict graz. 6 
8,316,253 ha (grazing * Lack of watermore limit. ot years, out utilization has olgoats ing in certain areas not
and/or uncultivated) ing than lack at teedstults become increasinglyveyscsfu

destructive in the past few verEsascce ful fi 
decades nent settlements for 

Substantially increased nomadic herdsneP inctud- :';
erosion ing water developments 

£; nGoats and irrigated forage ...have even been . 
an obstacle to reforestation production' ' . '-

Serious erosion, *Long term, continuing Sedentazaion ais con.... Tasks proposed tar a 
pavement like soil dlegradaion centrated more animals in "Nationat angcand and 

Low level of producivity smaller areas for longer Rained Watershed Pro
from rangelands in the periods gram" (July 1984)
future eunman Hrg population

increased six-fold over 55 
years (2.milion in 1983) . 

AAA with i? eased demand tar ,' 

A r4 ' anom s red 
Saudi Arabia . *Increase inoveral plant *Human-caused destruc- j, Widespread availability of 7country-wide 85,000,000 biomass production since tion af rangeland has Ir'ucks alloaws traso of 
ha (pastureland),o 1967 whichwas a drought increased significantly aninmals and waler to A 

AraIbian ShieldSouth period) but a shift in species 	 *Rangelands are niow less remote areas previously A 
A AAi >2,0ha (9.5% of composition towards more>'. 

A 

suitable for sheep (graz. used infrequently 
tt,400 0lat 	 e plants indicates ing), and beter suited tr Animal prducion units are dnpalaabl oaeore 'camel adgoat (woody aeincreased 1,8 times 

Condition ratings based' since 1967 study ebrowse 
:'6. field surveys oapercent Trend ratings tar major .-' ' A' 

A-"', Aperennial species and cover range zonies were calcu
measurmenis: Poor 40%, lated from measurements
otal country , .......... :. , : i~lelo e e d	 'A',"
Fair 20%, Good 20%/b at indicators'such as seed.' 
Excellent'20% (Most at the ling establishment, plant
area'ln excellent condition is vigor, 'plant residue irqt

'and 	 Ain flat desert zone where soil surface condim,.i0
animal use isrestricted by all zones (flat desert. hly''
limited water availability) plateau; montains and 

'A'' foothills) can be rated at "A 

the' lower end at "'stable" goC'a' 
Iran A *Severe depletion at range; I*'Savere and coninuinrg"- Heavy overstocking~-, Some'very goodIo j8Jvegeta-Country-wride '' '>dsappearance of mast pre. 	 deterioration Iestimnated to exceed carry- tiom studies,.but no 

A

1.100 000 ha (specified ' fierred perennial species " ' Serious soil erosion and ing capacity by 4times';' detailed survey for monitor- AA%~

as pastureland) 	 ' "(e g.Arlemisa arid Anstida) A flash run-ails ', "- ~'fuel gathering, including i 'Ing baseline or range A ~ '
1~ 

*The' need to reconcile the uprooting oftshrubs In J management trials AA'-'. 

ltock reductions to restore cold winter areas; wide-£A Administrative structure I" ' ~' ~'w 
biological equilibrium with spread encroachment of inplace
 
thegalfincreased pmeat uryland cultivation ina'AA
'A"a 

productio pre"" a ' A' traditional grazing areas'' 1 
"
 

Smajor 	 problem climatic flucuations 
I. 	 Sources:,~ A A '''A' AAAt":' '~
 

"'1' "AWA' ElMoursi, Ecological Managem-ent LdArid and SaiAnid (tangetands (EMPSAR-Ptiase l) Vol,ViI'Near EastfUnrted Nations Food and Agriculure 0rganization Roame, pp1 ',
1978), ..436.3%.Uited Nations Food anidAgurcure Organization (FAO),Regional Study' on Rainfe Agrcultue an gouhi torytoaEleven Countries inthe Near East Region, WorldSot'~Resources Report (FAO,Rome 1982), US, Man arid threBiosphere (USMAB). Drafti 	 pp 41-51-,pp.88 89 Enwcinnentat Proie' onSria Library o!Congress, Washilngton,'DC. 1981), 30-31 p.",A'AA 
1 WiE Eci VA.''''A2 VoltViI,Near East 1978),ppfA'Aor gcalManagemrent at Arid anid Ser-rr~pd Rangeand (EMASAR-Pliese 11), (U.nuied Nations Food Iand Abricuhture Organization ,Rme 

A3'Vnted Nations Food and Agriulture Organizationi (FAO);l-1983 FAO Production' Yearbook,'Vdl, 37, FAO StalisI'ics Series No.'55 (FAO. R~ome, ah -"1 '1984); U.S. Maniand Biosphere (USMAB) 
-'A.Enionmental Arab' Repuatic) (Office'of'Arid Lands Studies,' University atAr-IonaProittea Yerrren (Yemren 	 revised' draft, Tucson,' 1982yPP 68-70, p1 77, (4,~A.WA ElMour ;EcifibgitalManager-rrdofo(And ar-d SemiArid Rangelands'(EMASAJ1-Pfraso 11),Vol,V11,Near East(Unitd Nations Fdarid Agriculture orga izatioiRone11978)pRpPA A 

ANa(osFdA 	 Countries in thyeA.A sl rc'1'1;rlte n giculture Organization IFAID),Regional Stud.. on Ra1~red Agicluure and Ag-oCpatlc IniryotElewer Near East Feon Vkofd Satil 

. r 83 rOProduction %eerbook,Vol. Statistics Series 	 tWe Dr-af'1 Unte Nalid 161WAV~grurc ztr (FAD), 	 37, FAD Na 55 (FAO. Prre,;1984), US Man anrd Biospfiere (USMAB),AAAEiliiomntalWPr-al'tieflti ulaa 'awn Arid Lands Stude ofAf"i"ona, ppw6466 844'A5, 'uconOfa01fce' UINvrst
5.~ 	United Nations Food, and "Ag - eoi ud on, Rain/eod 1, 

"91) 
SodAr-rcuftire and Agro Climaticm ia ry of Daewn-Coontdeosrthe Near East R&egion)VWoftdResources 

-I' 
ter, A,'AflRimnaWAWA. pabboh arid W.iFdrtick, ANaiortal Rangeand awtd A 

A n~- Rai/ed Wr4sIed Piogram'far.JfrdanJw E ' No"~'~" (IWra 

1 iReporf'(FA~lRor-me. 1982;: Ma rrdlr Biosphere (USMAB), DraftErriranmer-taRort on Jora ("wayofCngress lWashin,ton DC,99), p 51,54,pp /69,RDChld, RASUi 
IA 

ironeal oi~ 3~7EA a Itlute far 
A 4Envtorrment and DeepOe htiiiitn DG184,p 38~ 'i' ~ A~fA ~A ~ '~''amn'evcl 

"A '7. Urned Nations Food apd Aricutture6-OrgarazaiorjlFAO), 1983FAO1ybarbo, 1,1c)37, FAOStastics_ Series Na 55fAQRme ~a) ac'nnn~aini i DirlafRa 0 n %Unar-aCWYAA
and Managemnit, Annex'l ,VWater 1976),and Agriculture Duone~arrnt Studies, Afablan Shild South (Gofvnein ofSaudi Arabia; MirNstry ofAgriculture and WaterL pp 3-J Calaniberi and LRN Strarvge1 Manatgemerrt 	 11),l"A; 	 Ecd:,acica o Aridand SeiArd RX)Sqds (EMA&AR- Flhase V1 idnyj n& tations Food an A..ricul'ura OrgaNlzata 2,

"I omrr197I), pp.A1720 	 ~ ~ 4K" 

41'~~~A) M1967atUntd ' R.AI~c' 

I"AI'A "A . 4,~ A'A' 'A~' ~ 'AI- A AAAA'~ AIA ''I " '%1 1'"'b jI 1KA' ~1 ' A~'lA'A"A" X ' .. 'A 'A" , A~ ~ 
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Forests and Rangelands 

overpoipulation of iiitroduced tidediEuropean rabbl its that Ce 
inany grazing hv feral I)opila-rangelands. I nconitrfl led 

tiIns of orst's, 'iiltels, anlld water Iufflo is also a probl)eI 
in soi e areas. ()verallih\iwtcvr, Atustralia's rangelands 
have grit(illv implro)ve(d ill reCell tecades. The gtverl-
lietIt has formed it ItiIall nillge resetarch organtizationi 
to give more attentiot Itrangelands maagement. Most 
states no0w operate solie syste i of rangeland monitoring. 
These institutional imitprovemnits, cul)led with it better 
marketing syste i, will focUs tre t lttenillt Ii the range-
lands that at,,tstill (deteriorating. 

Africa 
.-\[)otf 65 Ict (1,9.15 million, hctaVS) Of Africa isrAlititit Shc , iesto arc and5lecti wtill otit, Africa i 
imrtanttl. partcf Ariscn aitre , rangelands bewill 
IIuptirtatnt partt tif Africat, ;kuricttltttre, rallgelaulds will he 
im-'re,;asingiv :l)(Wtitllt rCsOlrCs in tie futture. As Africa's 

lmn i lOl I ditiatt itt ws, preSSUIteS tt 111111-
Ili of livest.ck wit! inltensify. aid this will create addi-
titiual citlicts with Iative.' wildlife. It scveral African 
CttttrieS 1:d gait' andl livesttitk ratnchetts have ciWl' 
estalished. I.ik! a mtixed hlerd f wilt anilials, these 
hierds catnt ta- aiittge ii it widle variety of rnge ftii 
age and (rowse.t ,,"\Vildlife atd I lahitat.(S hhapt(r 

'I'lTe ranelands if Africa are it critical sturce Of fueleIhdde.r trs, is cut fir fitel or airtil- s Ittbrt-ter l 

necessity creating long-term pro!le ls. Stile f tile char-coal !rodU i is userd Itcal ly, ill it is increasingly being.. .
trat s!))ortedI liitIdreds iif kihlt vte rs ti p ultiil ~ion cetiter's.-
The renloval Of shrubs and fodder trees reduces the 
amtlt tof dry season forage available ftor both livesock 

siolt atnd cleeradlatioI. (Fo r it ci itlt ry-by-ti il ltrv assess5ient tnf Afi,'al rtgelt(ls see lt itIrI RysoutrV',sassess.) 


Eirojpe 

Itilgelanlds ill 1"urope are usually categorized as perlit-
nent pasture. Althiough only about 18 percent tif the con-
tinent is lernaliet pasture, these law: are highly 
l'-'ductive. (Thirty-three percent of Europe is rangeland
including open forest tdit iotiher land.) Some rangelands, 
such its thos. til the Iberian l)einsiula, are managed like 
rangelands in the rest of tie wt)rld. Iowever, most of 
Europe's pastures are managed so intensively that they 
may be more akin to cropland than to rangelands. These 
improved pastures are many times more productive than 
the arid rangelands cttiliill elsewhere iti the world. 
)tly a decade ago, many experts htped that the develtipiing 

countries could he'olme major exporters sul)plying live-
stiock pri(dlcts to irope. But livestotck )rodtuction in 
Et'urope has increascd sithstaItiall 'i and these countries 
flow Suply not tily their own markets, but they ils 
are exl)orling ileat products. 

Western Asia 

Western Asia is a regiin with arid climates, rough terraill, 
and barren soils. The laud has been grazed continuously 

for centuries. This area has been the focus of a growing 
concernut) i)ut the desertification of rangeland. The differ
eliCe between tite fertile land of Biblical description and 
the preseit conditions may be partly due to climate 
change, Ibut is largely die to overgrazing and lack of 
InallagerliCet (11. 

Western Asia, also known its tile Middle East, includes 
Syria, The People's I)emocratic Re)ulic of Yemen, Yemen 
Aral) Republic, Iran, Iraq, ()mail, Kuwait, lrkey, Lebanon, 
Jtrlan, Saudi Aralbia, and Israel. Tdlble 5.8 summarizes 
range conditions in selected countries. Although these 
conditions are alarming, it is also significant that studies 
in Syria, Jordan, and Kuwait show that nIgelands can be 
im proved with prop er technical input and grazing control.lt-nge accounts for it large percentage of the land area 
of these west Asian countries. In many of these Countries, 

a significant percentage of thie pu) lation are nomads 
who earn their living from herding livestock. For exam
pile, ill Iran, 6.1 percent of the total population and 
nearly 15 perceit of the rural potulation is classified as 
Ittnadic (92). (This does not include farmers who also 
keep animals.) 

wThe and Saudiarangelands of Syria, ()mail, Jordan,Arabia are some tif tie driest areas Continuously grazedy i sti' lvesttock. Sice tile rei is naturally arid, 

bare soil a(d sparse plant cover is thle normal condition. 
It was in these areas that slicep, goats, and dromedaries 

pr Isal ly were fiist d t atic, restted.Most reports indit:lte that rangeland in.Western Asia isdeclining in productivity. (See TIable 5.8) For example, the 

steppes iof Iraq have lost a significant amount of na.ive 
vegetation at(I now have a preponderance of unpalatable
s1hrubs. Similarly, on the interior steppes of Syria theOriginal plant community has been virtually eradicated 

anld replaced by species cf little interest to humansaninals. It ortile Democratic Republic of Yemen, range
elandsare severely degraded, ard in Jordan eroded, arid 

range has become as hard as pavement. Overgrazing is 

invariably cited is a cause for these conditions, and goats 
in particular are )roblems in Syria and Jordan. 

There are, however, other factors that contribute to 
problems oil the region's rangeland,,. Degradation occurs 
in Iraq and Syria when rangelands are converted to 
dryland farning. Excessive wood-cutting in Oman, the 
Yemen Republics, and Syria, combined with the establish
ment of new wells without concurrent grazing controls, 
degrades range. In Saudi Arabia, the widespread availabil
ity of trucks has opened once-remote areas to use and 
overuse. According to current information, the countries 
with the most seriously degraded rangelands are Syria, 
the Democratic Republic of Yemen, and the Yemen Arab 
Republic. 

The desert mouiitains of Iraq and Iran face similar 
problems and are also thought to be stable or declining 
ill I)roluctivity. Iran's rangelands are severely depleted 
alrd they have lost most of the preferred perennial spe
ties. The major areas of concern are around population 
ceters where pastoralists move their herds and flocks to 
be near the cities. Areas around wells and new water 
sources are also critical. 
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Asia 

No comprehensive assesslient of condition has been 
made of Asia's rangelands. These include arctic tundra, 
temperate grasslands, annual desert .rasslands, senii-arid 
shrublatlds, monsoonal forests, and swamplands. They 
occur ill a 111ulItitude of developed and developing coi-
tries in widely different geographic settings. The econo-
mies and cultures If the people are likewise varied. The 
largest areas of rangelands occur in tile Peole's Republic 
of China and the Soviet Union. AccoIrdling t(o the FA(), 
about 31 pe ent of tile People's Repu)lic of Clhina (2.8 
million squae kilometers) is permanent pasture ind 58 
percent of the country cal Ibe considered raiieland. (See
lible 5..) Mongolia ias about 1.2 million sqluare kiloe-
ters in perinaneolt Iasture. Inl 198,1 and 1985 Chinese aiic 
U.S. scientists held a series of symposiuils ()I arid lands. 
in China which reported that tie pace of dry land degra-
dationhlias increased dramatically over the past 5) years 
(file to po(ulation pressure and l .,sot11d lan1d use. (Of tile 
171,000 square kilometers oft h(1mani-caui sed dteserts in tIte 
Country, 119,000 square kilometers became edeserts diuring 
the past 2,500(t years and 52,00(0 sqluare kihmeters 
became deserts over thle past 5(1 years ( )3. 

Figure 5.2 Areas Risk of Desertification 

• 


DESERFIFICATION 

IJesertilication-the expansion of desrt-like landscapes 
intoiari id seiiarid enviroli eilts Liider the impact of 
human inflilunce,-is a critical prol)lem worldwide, espe
cially for the world's rangelands. It is aI land degradation 
process that inlVlves a c0iltrilitl1 Of change, from slight 
to very severe. Tl'e Uited Nations Environment Programme
estimates that desertification threatens about one third of 
tile world's laiid surface (48imillion square kilometers) and 
affects the liveliho(od (If at least 850 million people (!im). 
Manv of tile wI rld's major rangelans are at risk. (See 
Figure 5.2.) This deertification hazards iia), compiled by
several Uniited Nations agencies, shovws areas that are at 
greatest risK of desertificatilll Ioecaluse (Ifa coml)ination 
of factors such as low rainfall, terrain, soil and vegetation 
codlitions and high luilman and alinial pressure.

I)esertiication ican occur in a variety of environments 
a1(1 be caused I) a numlter of factors, )ut ran gelands 
are particularly at risk because they are often iaturally 
arid. ()vergrazhig is a primary catiuse of desertification, 
htut de f (pa rtit lilrly tile ('tlting Of fueIwood),IOresttati1 
lovercultivatioi of marginal lands, and salinizati In ca sed 

..
 

, IIt _ 

Source: .....
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by poorly managed irrigation are also important 
influences (95) (9i) (97). 

Desertificatioi first gained initernational attention il 
1977 when the United Nations (onftlieie on I)esertifica
tion (UNCOI)) was held iulNairobi hllhvig a setioiS 
drought in the Sahel. The conference coilfirniedt that 
desertification Was caise(l ilaiily by 1111111Mi activitis, 
rather thain by cliiate changes. 

UNC()I) issued aI Plal if Actiin to ('cuiita I )esertifica&-
tion (l'ACI)) coisistiing of 26 reclinuitiudatit.-s, itlh 
adniiniistration of (Ile plan charged to the Jniited Natioiis 
Fnvironnint Programmiiie. UiNFJ' set up three groups the 
Desertification lranch witlhin JNH to carry out piogiauis, 
ali Interagency Working (roup on liesertificatiin to facili-
tate coopieration ainolig U.N. aeicils, aid the ('oistilta 
live Group of l)esertification (oiitol (DISC'()Ni to sectuc 
fullding for irlje'ts (%s). [roiui 1978 to 1983, bilateral and 
multilateral donor agencies speit an estiju t-d $10) billiol 
oln desertification projects (o9). 

Despite this initial effort, by 1983 (six yrl ius after tihtildtiately 

conference) 1JNl.P l-xecuLtiv, Dirc'tor MOstatla lolila 
reported that he founid "no signs thil tihe war agaiist Ifu 
slread of desert-like conditions is Ibeiiig wt" 1.le Het 
told the U.N. (loverning (uucil that 'the responise by 
developed aid develping countries alike has leei ttillly 
ladeqnate" (li). 

According to oue estiiiate, it will take a total of $111 
billion to fighlt deseit'ificatiOu if N e Iaiids aiid igliciiti iI 
land, half of the aniount going to raiigelai tds. (See 'lible 
5.9.) The uinmber seens staggering, until it is coisidered 
that $1,11 billion is equal to tile estimiated losses of agii-
cultural production to past desertification over aibtult five 
and a half years (102). Not all desertified land is ecolionli-
caly worth reclaiming because it would cost iore to 
correct the )rohlem than coIl ever Iet paid back, but 
there are social reasoiis for such iIvestilieits, such as 
slowing the rural exodus to the cities (1o:;i. 

According to an analysis by soils expert HaliOld L. l)regne, 
director of the International Center for Arid l.uid Studies at 
Texas Tech University, 90 percent of the $10 billiton allocated 
for desertification-related assistance projects since the 1977 
conference went to rural development projects suchi as imu-
pioved water supplies, anitnal disease coutrol, and read 
building. I hese do not directly combat desertification, and 
in some cases may even worseii it (10.il). Both donors aid 
recipients prefer projects that offer inniediate economic 
development over projects aimed at range nmaiagement 
and other long-term soil conservation activities that show 
no immediate payoff. In fact, some countries have acutally 
rejected long-term planning against desertification as being iu 
conflict with imnediate development needs Ilu:l. Although 

Table 5.9 Cost of Coinbatting Desertification 
Area Cost of

Desertified Improvement Total 
Typeof Land Use (thousand hectares) Per Hectare (billion US $) 
Srytaled uroplancd 2/.100 $S0 $ ?o 3 


Ranged land "J I110 2;0 ,?15
Rangehand L1 /1 h0U ;", 715. 

Total -141.0 

Source: tt ill[- POSrIft dt),'l,',. I F' 40 


tNe.,, Yok,1983) ;"IPrecreational 
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LNCOD issued a reasonable set of recoinmendr.dons, it 
was iot able to generate the political support necessary to 
put deseitifi(ation on national agendas (to(i). 

IMIROVING RANGEL AND 

(ienerally, imiiprovement of overgrazed range calls for the 
ue of solie kind of grazing systei that allows the vege
tatiou to rest and recover periodically. A few of the 
iiiiporiai gI.razing elenieCit to consider are intensity, tin
iig, distribution of livestock, sequence of grazing, and 
tyle or ('oiiibiiiatioii of aihnals. Water management, 
brush ctlihol, reseeding, fertilization, aiid other tech
niiques are soinlieies also applied ii conjunction with 
grazing ilnanlagenielit. 

The approach taken varies witth local environmental 
conditions and the severity of the degradation. For 
instance, fire, or presciibed burning, call be used widely 
iiilltriial savai IlS, bill oiily sparingly in desert systems. 

degraded ra:,gelands Call iusually be improved 
by Uiaiiagt,ent alone, such as by changing the grazing 
tatternis. Severely degraded rangelands require additional 

forts stlch is reseedling, COiltr Of loxious plants, ter
raC iiig ftr Soil stallilizatiol, Or SO;ine coinlbination Of 
api rtoac lies. The worse the degradatioi, the more dra
iniatic the restoratioun efforts niust be. Preventing range 
detemiilatiou is typically cheaper than reclamation. 

lu SoInalia, where 910 percenut of the country's exports 
are deiived finnom livestock and the rangeland is deteri
orating froii Overuse, a colprehensive program, the Cen
tral ti ngelands Developient Project, has been instituted 
to try to reverse the trend of degradation and increase 
livestock l)1r(dIuctioi over the long term (107). This effort 
includes resource monitoring, field research, water 
develoliment, training and education, and a variety of 
soil and water conservation projects to inmprove tle range. 

ie approach being used in Somalia is sand dune 
stabilizationi. Ili 11 villages, areas of shifting sand have 
Ieen eiclosed by a living fence of cofmipiera cuttings to 
exclude livestock, aid panels of natural bush have been 
erected to block the iprevailing winds. Grass and shrubs 
are planted to permanently stabilize the area, and in 
hine the villagers are able to harvest fodder crops to feed 
to cattle off site (liSw). 

A classic exalple of successful restoration of severely 
degraded range is the U.S. Bureau of Land Management's 
(BLM) ale District in the southeast corner of Oregon. 
Over 11 years, from 1963 to 1974, the United States spent 
$10 million rehabilitatiug the 2.6 million hectare Vale Dis
trict (1u)l. Under this intense effort, the abused range was 
transfolied into a showplace of range management and 
restoration experiments: innovative seedings, water develop
unent, fencing, brush control, and grazing systems (110).

The project (lid not attempt to treat the entire vast 

acreage; rather, the managers intensively treated scattered 
tracts totaling about 10 percent of dile land. Combined 
with sound nuaiagement arid sonme temnporary herd
reductions, this alleviated grazilg pressures on the 

degraded native range and gave it time to recover. A 
slpecial effort was made to accormn iodate wildlife and 

users. Preliminary findings of a reassessment 
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being conducted in 1986 indicate that the oroject has require interdisciplinary workshops, the development of

been a long-term success (1:1). conceptual models, and the use of computer models to


Australia, France, and the United States are the leaders 
 test the possible effects of alternate rangeland use policies.

in developing range reclamation techniques, and the
 
United States-partly because of environmental laws RECENT DEVELOPMENTS 
requiring reclamation of land that has been surface PROGRESS ONTHE TROPICAL FORESTRY
 
mined-does more reclamation than any other country. ACTION PLAN
 
Efforts te restore severely degraded range require large

capital inputs, thus they are difficult to implement suc- The 'lropical Fo;'estry Action Plan. an ambitious attempt

cessfully in developing countries. In addition, they are to conserve tropical forests while increasing their produc
becoming increasingly expensive, putting some tech- tivity, has gained considerable international support since
 
ni(lues out of tile reach of even developed countries, it was announced in November 1985.
 
'Rwenty years ago, for instance, dragging chains across a The Action Plan was 
designed to unite countries in 
range to renove brush cost about $7 an acre ill the their efforts to substantially reduce tropical deforestation.
 
United States; in 1986, it cost about $45. Herbicide 11stresses fuelwood and social forestry, watershed
 
spraying cost around $4 an acre and has increased to rehabilitation, industrial forestry, conservation of forest$15-20 (112). Because the expensv of range treatments is ecosystems, and instiAtion-buihding. The Plan was devel
so great, the U.S. Forest Service is reducing its use of 
 oped jointly by the United Nations Food and Agriculture

costly methods of reclamation such as plowing and Organization (FAO), the United Nations l)evelopment

chaining, and herbicide use is limited by law. Less costly Programme, the bilateral development agencies, the
 
controlled burning is now the primary tool for public World Bank and other development banks, several non
rangelands managed by the U.S. Forest Service oi). governmental organizations (inciuding the World Resources 

linstitute), and representatives of more than 60 tropical
Integrated Range Management countries.
 
Soulnd range inanagement that incorporates elements of During 1986, under the guidance of the Action Plan,
 
range science, ecology, economics, political science, and 
 development assistance agencies began coordinating their
 
sociology is sonetimes referred toias integrated range development assistance in forestry, and the World Bank
 
management. In recent years, range scientists and 
 has revised its lending programs to reflect the Plan's
 
managers have given increasing einl)hasis to this holistic recommendations. These commitments, along with others

approach to management, although actual use in the 
 to increase aid and loan flows for forestry, are the earliest
field is just beginning, signs of progress following a series of organizational

Integrated range management considers the total eco- meetings by the Tropical Forestry Advisory Group, an ad
 
system, not just maximum livestock l)roduction (ii1). It hoc committee of forestry advisors from the development

incorporates a mixture of techniques to take advantage 
 assistance community and from nongovernmental organi
of the strengths of each method while minimizing any zations (NGOs). The money committed so far, however, is

inherent drawbacks. Grazing management, water develop- only a fraction of the $8 billion that the Plan recom
ment, brush control, and institution-building might be enl(ds is needed over the next five years (i17). To moni
combined to restore a range. The approach is flexible tor and coordinate implementation of the Action Plan,
and site-specific, and it attempts to consider multiple uses the FAO established a special secretariat in Rome. 
of the resource (e.g., forage production, wildlife, water- Considering the long history of debate and inaction 
shed, etc.) so that overall productivity, not just livestock surrounding efforts to stop tropical deforestation, the Plan
production, is optimized. has sparl:ed impressive commitments during its first year.

An element that is increasingly recognized as essential Specifically:
to range management, especially in developing countries, U The World Bank revised and expanded its entire 
is the complex web of social and economic factors that Africa loan portfolio in forestry in line with the Action 
affect the people who use a range. Technologies devel- Plan recommendations. 
oped in the United States, Europe, Australia, and other U For the first time, development assistance agencies
developed areas are not necessarily appropriate or feasi- such as FAO, the United Nations Development Programme,
ble for developing countries because they were designed and bilateral assistance agencies, as well as the World
for different environments and socioeconomic situations Bank and other development banks, are coordinating
(1i5). In particular, grazing mannagement is difficult if a their development assistance in forestry. This coordination
region's land tenure system does not provide a clear should reduce waste and duplication in development
method to control the land and the animals grazing on it assistance to make better use of available financial resources. 
(t16). An ad hoc Tropical Forestry Advisory Group has metTwo examples of integrated range management are the three times in the past year to find ways to coordinate
Systems Planning for the Use of Rangeland (SPUR) Sys- grants and loans in line with the Action Plan.
teins Model developed by the U.S. Department of Agricul- W Three countries-France, the Federal Republic of 
ture for small watersheds and private ranches and the Germany, and the Netherlands-agreed to double their 
Integrated Planning Technology developed by the U.S. aid to forestry as a direct result of the Action Plan.Agency for International Development and used in Botswana I The Tropical Forestry Advisory Group is cooidinating
to plaa range wildlife and socioeconomic activities. Both reviews of forest conditions in 30 countries to help 
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national governmenlts assess tlie status of Itheir forests, 	 Canada and Europe are )egitiitig to sIhow similar health 
estin ate industrial poten tial, and ,-viihate training :-ed.,. concertis over red meat consumt)ion. 1IIother regions
As of late 1986. reviews were miderway iiu1.1cointries, VITere beet.f is ligh, sot. h as Australia andcOiISOItiu)tit 
and one for Sitdai had )eeUll ompleted. lIIaddition, Iairts tf So ttll Aiter ica, le':tier red meat has always been. 
National Fo()restry 'lais are being writtei or revised ill the pr fete te. 
over a Mt iiit!stry resJIoIsesdozen countries, with techliical atilt fitiaicial help of tihie itclude attk pts to pro
froim internatiooat developmeit agenties ms), I ie e 1110releaIC healthful imeat: 
E Efforts are also underway to increase NG() particip, U Liargely ill response to ectoutOmic iactors, U.S. cattle are 
tion ill Although most of the toriginal being taised tonger otlforage and This hastile Action Plai. less; (.n) ivrait. 
work on the Plai was dtne by assistance agencies and tile side effect ol producing leaner meat. In 1972, for 
governmetnts, both interlntional andilcal N( ()sieed tot instance, a cow typically was switched front forage to 
play vital roles ill ii 1hel t itiIig reaffOrestatiol activities. graini it a feedlot when it weighed 13 5 to 180 kilograms.
Three international Nt;()s-the World Resources Iltstituite, Itt 1986, cattle Itay stay oil grass until they reach 315 
the Internatiomal Institute for Etvirontieit md )evelo- kilograis (t22).
nient, and the h.riiatitial Unio for tittmservtitioJl tf U 1tuaddition to shortelitig the "finishiig period' some 
Nature and Natural Resot.,ces-(orgaiized thre,' uieetings cattle are eiilig slaitughtered at a younger age, when they
in 198F t6 N(;()s to discuss their ideas. The eetitings are more tenider atd thus tore )alatal)le without fatten
were heli iil Nairobi, Kenya; Baigkok, Thailand: and itig. Again, the result is leaner iteat. 
Patama I (.o, Paliata. E In Y'urope, several COuhtries have passed laws banning

Effort is also beintg focused ()nia high-level ftrestry cIit- the usc tf hormoes in livestock because of health con
ferctce scieutILled for Jhly 1987 illlellagio,. taly. \t the celils. 
,neeti:,g, mirsters front at least 20 tetopet. id tropi- The cattle industry, like all coItIplex iidustries, responds
cal i atit n: v.,ii;.atIer to discuss how th I r ,ait ries call slowly to changes in cotnsumer preference atd most ofi 
work t teIlp stolve tile deforestation crisis. The coller- the adaptation s sO far have occurred oi a limited scale. 
ence is Wing organized by FA), UNIIP the World Baink, However, there are inovators who are willing to take 
the Rockefeller Fou ilat in, and the World ResoIrc-s risks to explore ntew advances. Itspired by the consumer's 
lIstitute, 	 growing health awareiess, some range managers are con

sidering how other types of animals might fit into the 
U.S. CONSUMER DEMAND LEANER MEAT U.S. livestock system. For iistance, longhorn cattle-the 
Health-conscious consumers in developing cotntries are mainstay of the early American West-are both hardier 
beginning to affect how livestock is mataged and and leaner than their cottemporary counterparts and 
radied for market. Since medical evidetce has showni there is somne interest in returiing to the breed or cross
that too much fatty red -neat in the diet can lea tto breeding it with modern cattle. In Florida, scientists are 
health problems, Mny affluent consumers have turned to experimetitg with water ouffaloes, the oxlike beasts that 
leaner sources )f protein such as chicken and fish. 1IIthe have l)ullled carts and plowed rice paddies in Asia for 
United States, red meat cotisutInl)tioti has fallen 20 l)er- thousands of years, to see if they can be produced on 
cent since 1975 because of people's awareness of these American farms. Water Iuffalo meat is also significantly
health issues (11m).The United States is still it maj:tr coi- lower ii fat atd cholesterol than beef, and blind taste 
sumer of red meat, accounting for 28 percent of world tests indicate that it tastes at least as good as beef (123).
c)nsumption in 1985 (120). While i! isa major producer of It is too early to tell how this trend might affect U.S. 
cattle, the United States also imports 8 percent of its red rangelands, but one could speculate that it could decrease 
meat (121). Thus U.S. cOiIsumiter trends stand to have a the use of feed corn (inuch of which is grown on irrigated
major influeiice On th. cattle industry. Ctosumers iii westert lands) aitd increase the use of rangelands. 
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6. Wildlife and Habitat
 

The increasing pressures of population growth and 
development continue to threaten wildlife and its habitat 
throughout the world. In the industrialized countries 
much of the wildlife was destroyed by development and 
hunting over the past few centuries. Now some wildlife 
species are carefully hurbanded for sport and recreation 
while many nongame species are threatened, mainly by
loss of habitat. Many tropical, species-rich countries are 
just beginning their development process, which may 
lead to a far greater loss of species than in the relatively
species-poor northern countries. 

The first responses ljywildlife agencies and organiza-
tions to threats to wildlife were to create habitat reserves 
(see World Resources 1986, pp. 94-99) and to form con-
ventions to restrict trade in rare and endangered species. 
While many of these efforts have succeeded, others have 
run into the harsh reality of human poverty. In areas 
where preserving wildlife seems at odds wih local resi-
dents' perceptions of their chances for a better life, wild-
life often loses. Unfortunately there are many conditions 
in which wildlife simply cannot co-exi;t with intense 
human settlement. There are other conditions, however, 
in which wildlife can be an asset to human economic 
development. 

Over the past few years, a number of wildlife proiects
have emphasized the economic value of wildife to local 
people. Of course, wildlife has always been harvested for 
food, furs, skins, medicines, and other purposes. But the 
current emphasis is on the sustainable economic manage-

ment of wildlife through controlled hunting, cropping, or 
ranching. 

How wildlife is managed and the priorities for manage
ment can depend as much on a region's cultural back
ground as on the biological needs of its wildlife. For 
example, in Europe, where wildlife traditionally belonged 
to the crown, game is now intensely managed on private
land and hunters are an elite and privileged group. By 
contrast, in the United States hunting has always been a 
right of the common person and game is managed on 
both public and prilate iands. Africa developed manage
ment laws to foster the safari hunting business but also 
pioneered the establishment of wildlife reserves. Currently 
rampant poaching has caused many countries to take 
drastic measures such as closing hunting seasons and 
patrolling with armed conservation officers. 

While managing game has been the thrust of wildlife 
management in all three of these regions, trends are 
growing toward managing nongame animals-especially 
endangered species-and their habitat. 

Wetland habitats have been especially vulnerable to 
damage from development. Some of the world's greatest
wetland systems are threatened by development, to the 
misfortune of both the people who depend on them for 
their livelihoods and the species that inhabit them. On 
the other hand, the Everglades of Florida in the United 
States---n area greatly modified since the turn of the 
century-are now beginning to be restored by the state 
of Florida and the federal government. 
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Wildlife and Habitat 

CONDitIONS AND TRENDS 

Wildlife in most regions of the world has declined as the 
land has been settled and deveoped. Only about 1.6 mil
lion of an estimated 5-)10 millon plant and animal spe-
cies are known to science (that is, have been classified 
and named). Because of degradation of the environment 
by humans, 20 percent of these are likely to become 
extinct by the end of the century, and in 50 years more 
than half will be gone if current rates of destruction con
tinue (1).Some scientists estimate a much higher number 
for the total number of species. At a 1986 conference on 
biodiversity sponsored by the National Academy of 
Sciences and the Smithsonian Institution, Dr. E.O. Wilson, 
professor of science at Harvard University, estimated that 
the number of species not yet discovered could approach 
30 million (2).Undoubtedly, many species with enormous 
potential to satisfy human needs wil be destroyed before 
they are even known to science. Many of these c .uld 
havc .-conomic value; but even species that would never 
be used by humans may play a critical role in ecosystem 
balance. 

The nulnber and size of wildlife parks and pre.;erves 
has grown sharply since the 1950s, especially in develop-
ing countries (see Figure 6.1) (p). Unfortunately, some are 
little more than "paper parks:' areas outlined on a map 
with no on-site administation or field force to protect 
them. They are encroached upon by humans seeking 
land for grazing and invaded by poachers looking for 
reat or animal products they can sell. Few parks or 
preserves are large enough to function as complete 
ecosystems, thus migratory wildlife is often vulnerable 
during its journeys out of the park. For example, the 
Serengeti National Park in "hnzania and the adjacent 
Masai Mara Game Reserve in Kenya encompass 25,000 
square kilometers of tropical savannas, woodlands, and 
grasslands. Yet their population of more than 1.5 million 
wildebeest move seasonally beyond park boundaries (4). 
Many reserves are too small even to sustain all the non
migratory species found within them. For example, many 
of the large East African parks may lose large mammal 
species simply because the parks are too small to main
tain viable long-term populations. 

Even within protected areas, wildlife is threatened by 
the press of humans who poach for food or profit or kill 
animals that might harm their crops. A sociological study 
in Tanzania showed that local antagonism toward parks 
was universal, and that encroachment on park land and 
poaching increased as the human population grew in 
areas around the parks and reserves (5). Among the most 
seriously threatened reserves were those in the northern 
region of Tanzania, including the Serengeti National Park. 
But reserves are threatened in other regions as well. 
Table 6.1 describes 23 sites added to the list of threat-
ened protected areas in 1986. The list, published by the 
International Union for Conservation of Nature and Natu-
ial Resources' Commission on National Parks and Pro-
tected Areas, now totals 74 areas in both developed and 
developing countries. 

As many nations find that properly managed wildlife 
can bring considerable economic benefits, they are begin-
ning to tailor strategies to protect wildlife that put eco-
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Figure 6.1 Growth of Global Network 

of Protected Areas, 1890-1985 

r .me 0 'ro, A.Number of Areas 

2000 

1000-

I 
o !
 

187) 1890 1910 1930 1950 1970 1985 

B.Extent of Areas 
Mfi lo.of HOctafOs 

400- _,- -

300

1870 1890 1910 1930 1950 1970 1985 

Source: I' frr.,:.,a Uri or)forConber.,,i! onc dh i ntJ Nlaiura Resoaces (IUCN) The Unted anrv Prot,<:e0IOcr 1985)Ni,, , ,10ev,,, Pr,, Aras GlanuS,,,zeIland, 

nomic forces to work i. regional and national economies 
and seek to meet the needs of humans at local levels. 
Global conservation strategies as well are beginning to 
encourage sustainable use of wildlife by local r -ople (6). 

There are dangers involved in developing economic 
uses for wildlife. Once there is an economic incentive for 
their capture, some species may be overexploited, as has 
been the case with many fur-bearing animals in northern 
countries. Any successful plan for economic use of wild
life must foster a healthy base population and harvest 
animals only on a sustainable yield basis. In some cases, 
placing an economic value on wildlife has given private 
landowners an incentive to create and maintain habitat 
for valuable species. 
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Table 6.1 Threatened Protected Areas of the World, Additions for 1986 a 

e. . - Country Summary of Threats Area Country Surmrary of Thmats
South AmericaSouth-A-erica [) - r, -lioiiP.l;eiUSSR Partly within zone A (total evacia 
gIua National P;''k Argentl T i of c Js ,'hrl ;),rk tipr Hi,- ir lit ,.' lion)ranster I, irt c! Cheriof , accdent site 

lcxal go,,eriime for ('ve6miiieril Africa 
purposes


Los Glacares Argentina Constrcion of nre,.celtc iTII! S!iir (.iii, RIf sil.siaia0 Drastitdioi II Ft.l'W;OS arid
National Park Proposed excis(ris :,n 
 elephant ptilatin ci lieavvor 


C (1 c li)ii I trlit poaching
 
Fert-ando de Noroida Brazi E;,pansi ofmi ory -iMako tHlue 
 Gabon Issueof logging :erhte heavy

National MsfariePark at"tatonor reef 'If to and fi,;on Rr',- poach.inr. 
(proposeod M(i it.ilr ya Zambia Rampant poaching, deedstitle 

Paracas Nature Pei Protsi-i *n r ',l l N ilqnil Park given for farming os,de park
 
Reserve eodtol) ir it ., I,- K; r:I i ae Nigeria Poaching unaut oried fires,

North America Ittlor0 Park doriestic Iestoci giazing, irade
(Noate icai
lslton :undenforcement
 
Chnculieague National Uinled States Itenion,rocret,orial , off
oat (Uvi :utif (i Nigeria E..pansion of errcla,.sswithin
 WidVlife
Reftue 
 roas vohi roan r-loarprnuirr i G rt. Reiirse raripurreserve, poaching, 

acrOeis iripactii S i , q(-tl5 agricutture hy pa-k saff inade
 
Lady E,.elyn SrIoti Canaoa V'til-erirlsos-s to)( 
 maia eInIt
qisgte esOUrces
Water Prowciai Park e r.ii-',O Gtlndi Stcopupmr rasort~os nrio()i Central Afrlci Extirpation of rhioceros and 

Iog rig ac- , a'-, oa'ill' F , Jati r at Park ReputIc poaching of 750/.of elephants
(oristruchon in ifter z*oir Ivasion by nomids from Chad
 

Forllori Natlonlat Park Canada Air polluton scio iarir;ig 
 and Sudan wili large herds of 
severe ffecta onilire' aiii forests livestock carrying boslne rinderpest 

Europe NiCKlo Kioa Senegail roadNaori ,i Plan for constr,.ction ofnewthrrough Prssuire fronsurpark 

Dui ana National Park Spin Diversionu ,iwtter(m!l) ot,,mn 
 rounding Iianduses and poaching
 

park for irigatliO ifll re;i in Indonesia, China
 
serios dr season diOuj
 

Rosca-Letei Bosphiere Pomania Hunuing of pet cans try local . ifianNr ari
1rrtrr Malaysia Proposed conslricti of major
Reserve rnt icoi r le/lo 

D rIit atali Park road to interior of park 
laiy for Darube Delta, Kqj iairsaru Sifltio fIdonesia Proposed inappropite toursr 

poiutlion MAiri. Park resort development
 
Stelvio Naiora. Park Italy fnit Ii t, rnsrig Inonesa Expanion of shftirg cultivation


Proviui;at taliori roi, Nyrut Niture 
resctLioniin swo tIoalm., -- ir Il ,t Si;rictr j- actiities,overhuirg and collecting 
fmritli,' And hu i iat lv +)jm ;I v of forest product: t-r ber
 

Hardanierv'dda Norway motorrizd
Uncontrollecd ai ,i "oarni concessions
NationalPark ans
i CtitagO stevelpmI0en1mad_ Nature Ri-m4rve De lassificaisriIDalian Chia of25% ofnrea for
 

Cutate siprJ(.,rsion togar ciair, cattle ranch Wood-cutting and 
aci fain poachii by reserve
residents
 

Note: o li-u'; 2ti-'- sci,- . n-i s, ii , t-- n ,+,-r rol+ itfr i,,. Source: rt-,rn si ,accii ci t, 'ii.- p xyanrrCur~rii.l rc- r -i,,74 a:t+ +th'o,-,u 
ofit t+d . :r 1 r c irld turatfalRrsr cs s (IUCfq).ii mr -,:ll . )r~l,'--',-- - t --. ain u,'e t. -; M tAo, Ne,,-r liCN.Glanda--, ",t~i-i i .,c, 'ji sr(-,rit Swl 

0(ir !auri .n,-t, ,r F 1986)Or tii ' "-t-er 

It is clear that economic justification alone is not life activities a significant part of the American economy."
enough to conserve a diversity of species. Nonetheless. (See Figure 6.2.)

the development of economic uses for wildlife provides
 
a powerful tool for its conservation. Trade
 

THE ECONOMIC VALUE OF WILDLIFE Millions of people are Gependent on or affected by wild
life trade. They range from those who literally live off theSome species have sustainable economic value in legal laot and are dependent for their survival upon wildlife

trade for their hides, horns, tusks, musk, and other they can catch to those who are willing to pay-a high
products; as tourist attractions; in sport hunting; and in pice for something that serves as a status symbol (7). Agame cropping or ranching for their meat. Many such recent estimate by TRAFFIC (USA), the trade monitoring
species are flourishing because their habitat is protected program of the World Wildlife Fund, places the annual 
and their growth is fostered, but some are being deci- value of the legal, international trade in live animals and
mated in illegal trade. Conver;ey, species deemed to animal products at $5 billion (8).
have no value or species that compete with, prey upon, While many animals have been hunted to extinction or 
or carry diseases to economically valuable species are near extinction, a more recent trend involves ranching or
often controlled or eliminated, in some way husbanding wildlife to produce a sustainable 

Since countries do not usually keep records reflecting harvest. Yet there is a risk for species that become valua
the contributibn of wildlife-based industries or rcreation ble in trade. On one hand, their numbers may increase 
to national economies it is difficult to assess the contribu- through caeful management for harvest. On the other
tion on a global scale. One such assessment, however, hand, a high price may encourage poachers to violate
indicates that wildlife does play a major economic role. the boundaries of the management area and decimate
A 1980 survey of fishing, hunting, and wildlife-associated the species in the wild. For example, crocodile ranchers
recreation, conducted by the U.S. Fish and Wildlife Serv- (see below) commonly collect eggs from the wild and
ice, estimated that expenditures that year were $41 bil- raise the young in captivity. Because the survival rate in
lion, "making fi:,sag, hunting, and nonconsumptive wild- a ranch is much higher than in the wild, the crocodile 
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poses are the butterfly industr, inPapua New 	GuineaFigure 6.2 Expenditures on Wildlife-Based 	 and crocodile ranching in New Guinea, India, Africa, Aus-
Recreation in tie United States, 1980 tralia, and UItin America.
 

Tie world trade in swallowtail butterflies, most of
 
which are caught in the wild in Asia and Latin America, 
is worth about $100 million annually. Butterflies are sold 
to nmuseums, students, hobbyists, and manufacturers of 
decorative objects an(d jewelry. In PaIpua New Guinea, vil-

Transportation 	 lagers have developed butterfly ranches by cultivating the 
types of plants on which swallowtails lay their eggs. The 
chrysalises are collected and the metamorphosed butter
flies are carefully handled and prepared for sale. Their 
iquality and their l)rices are higher than wild-caught 

Food and sp.ociinens. A ti)utterfly rancher may earn up to $1,200 
L.odging Equipment per year lii), a good wage ;n New Guinea. Far from 

6., 
 delpleting the species, this type of enterprise can promote 
its welfare. Because butterfly farmers want to maintain a 
steady income, they have ant interest in seeing that the 
species d es not die out. The trade is government con
trolled and monitored under CITES (15). 

More than one million crocodiles, caimans, and alliga
tors are marketed each ycar, most of them from wild 
populations (](;). 	 is newHowever, ranching of crocodiles a 
and growing venture in New Guinea, India, Africa, Aus-

Tolal S40.9 billion tralia, and Liitin America. Eggs are collected from wildS40.9_billion 	 populations and hatched in pens, and the young are 
SO. . .. 	 grown to two-four feet for the market. The caiman 

trade earns $120 million a year from markets largely in 
the United States and Europe. 
The most traditional, and still the most extensively 

population should increase, but if ranchers gather too traded, animal product is fur. In the early 1980s the 
many eggs from the wild, the natural population coukl annual value of furs and hides from wildlife toialed $377 
he destroyed. Obviously, this risk is gre;.! st where the million in the United States, $44 million in Cail, ia, $7.2 
potential profit from taking animals or .cLs from the million in Australia, and $3 million iri Finland (17). In the 
wild is high and where the enforcenw,, of wildlife laws Soviet Union, hunting and trapping collectives harvest the 
is lax. Soviet Union's valuable fur-bearers, employing some 

Illegal trade in wikllife and wildlife prducts continues 15,0)0 full-time professionals year-round and perhaps ten 
to be a major threat to many species. The World Wildlife times that many at the peak of the harvest (18). 
Fund estimates that illegal trade in wildlfe products totals In Europe and North America, ranching of fur-bearing 
$1 billion a year worldwide (!o. 	 are now for large portion of the industry.Especially threalened animals accounts a 
several species of rhinoceroses, crocodil',.s;, and l)arrots. In the United States, virtually all mink and chinchilla and 
Rhinoceros horn is used to make cmveted medicines in many fox are bred on farms. According to the American 
some countries. In 1986, an African rhino horn could Fur Industry, mink accounts fo; an estimated 55 percent 
bring $400-$600 a pound and a horn from a rare Asian of retail fur sales (m)). 
rhinoceros could bring $2,t100-$5,000 a l)pound, making 
rhinoceros especially tempting prey for ;;x'hers. Croco- Tourism 
dilians are hunted mainly for their leather, anj )arrots 
for the )et market (iI). Wildlife is the chief attraction of the tourist trade in 

Ivory is another coveted trade item. About 900 metric many regions where spectacular numbers or unique spe
tons of African elephant tusks, Much of it taken illegally, cies occur. Estimates of expenditures on tourism in wild
are traded each year in a business worth $55 million (I). life preserves and national parks are not available. How-
About 1.1 million elephants remained in Africa in 1982, ever, it is known that some nations receive a large part 
but populationF were declining in nst countries mainly of their foreign exchange from wildlife-associated tourism. 
because of In ' habitat (12). TO control the harvest of Kenya, probably the chief beneficiary, netted $300 million 
elephants in each country, an export quota system was from 500,000 visitors in 1985, making wildlife-based tour
developed by the 91 member nations of the Convention ism Kenya's biggest foreign-exchange earner, ahead of its 
on International Trade in Endangered Species of Wild usual chief earners: exports of coffee and tea (20). 
Flora and Fauna (CITES) at its Geneva convention in Since the 1960s, efforts at protecting wildlife have 
1986. The quota calls for a total of 9(1,000 tusks, some of 	 focused on preserving large tracls of habitat as the most 
which are in storage, to be traded in 1986 (1n). 	 reliable method of insuring the survival of species. More 

Two of the growing number of enterprises that attempt than 3,50(0 major protected areas, totaling over 4.25 mil
to produce a sustainable harvest of wildlife for trade pur- lion square kilometers, are listed in the 1985 United 
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Nations List of National Parks and Protected Areas (21).
(See Chapter 21, "Wildlife and Habitat' Tlhble 21.1.) These 
protected areas not only aid wildlife, but they form the 
foundation of tihe wildlife tourist Iusiness. 

Nowhere is wildlife-hased tourism accomplished on 
such a grand scale as in Africa (22). 'lourists come to see 
the great spectacles of plains game in natural habitats 
where some semblance of pristine nature still exists. A 
study of visitors to Amboseli National Park in Kenya
determined that most came to see lions and other wild-
life and had only passive interest iii Mou'nt Kilimanjaro 
(23). The great herds of plains game and other wildlife 
are responsible for the tourist ctcuLit out of Nair )hi

through Kenya and T"lzania. 


Using a model based 
 oil the alount of time visitors 
spend viewing lions and the anouit of mony they
spend visiting Amboseh National Piark in Kenya, Philip
Thresher, an economist with the United Nations Food 
and Agriculture Investment Center in Rome, estimated 
that the average maned lion living to seven years of age
would he worth $515,000 in foreign exchange receipts. As 
a hunting resource it would bring no more than $8,500, 
and if it were killed foi its skin, its value would be 
between $960 and ,$,:325 (2.1). While the calculations 
make several tenuc(us assunptions and obviously do not 
consider many important factors (they ignore the number 
of lions needeo to draw tourists and the other species of 
animals needed to sustain lions as wild creatures), Thresher's 
model clearly demonstrates the scale of the economic 
impact of animals in tourist industries. 

Although air fares and other expenditures by overseas 

travelers may not reach the countries where the tourist 

industry is found, costs of housing, food, entry fees to 

parks and reserves, transportation, and other in-country 

services provide important sources of revenue, some of 

which may be put back into conservation, 


Unfortunately, tourist expenditures do not always Iene-
fit local people adjacent to the parks. In Kenya, for 
example, foreign exchange earned from tourism stays
largely in Nairobi where the service companies are head-
quartered. The bulk of the people who live near 
Amboseli's lions benefit little from tourism. Some may be 
emp)loyed by the park, and others may make curios for 
tle tourist trade, but )oaching still brings the most profit 
to local leople. In fact, local farmers can suffer from 
their proximity to reserves, as migrating animals can 
damage their crops. "l.i percent of the land area of 
Kenya is in protected reserves, but the outreach of migra-
tory animals affects 80 percent of the country at some 
season of the year (25), and it is often the small farmer 
who takes the brunt of their numbers, 

Sport Hunting 
Sport hunting can range from an organized safari to a 
local villager shooting a predator. This section concerns 
only legal, orgamized sport hunting in which fees are 
paid for licenses, leases, travel, and equipment. 

Canada and the United States are probably the most 
important countries in kills of animals for sport, with 
some countries of Europe and Africa not far behind. In 
the United States, 17.4 million persons hunted and 42.1 

Wildlife and Habitat 
million fished in 1980 (26;). Slightly more than 2 percent
of the population of western Europe hunts (27). In the 
Soviet Union, only abol m million, less than 1 percent of 
the i)opulatiIin, hunt and fish (28). In lItin America, hunt
lug has been limited to a small number of leople who 
own land or are in Ihe upper level of society (29), and 
much ofithe big game has been lost to overshooting and 
loss of habitat. 

Although big game was once l)lentiful in Asia, today

only a few areas Su pport large animals of interest to
 
sport hunters. Hunting is banned in imost of Buddhist
 
Asia because of religious beliefs and social mores. In
 
Africa, big game hunting still attracts hunters irom
 
abroad, but many African countries-including Kenya,
 
Tlhuzania, Mozambique, Angola, Uganda, and Zaire, for
me rly the most important African nations in the safari

hunting business-have closed hunting, primarily because
 
of political unrest, rampant poaching, and pressures of
 
conservation organizations from abroad.
 

Worldwide figures on the economic value and kill of
 
animals by sport hunting are fragmentary. In 1980, the
 
17.4 million U.S. hunters spent $8.5 billion on hunting
fees, transportation, food and lodging, and equipment (3).

Several African nations earn considerable income from
 
sport hunting. Zimbabwe, for examl)le, earned $6.2 iail
lion from marketing game through sport hunting in 1983,

much of it coming fiom American and European trophy

hunters (:11. average of $415 for hunting
Hunters paid an 

privileges, $767 for each buffalo, $2,987 for each ele
li)hant, and $1,125 for each lion they killed (32).
 

In Botswana, one of tle few game-rich African nations
 
that still permits hunting, hunting licenses bring in more
 
money than national park entrance fees. (See Table 6.2.)

Botswana, a desert country with little scenic grandeur
 
but with a great diversity of large mammals and birdlife,

finances its conservation agency largely from sales of
 
licenses to hunters and concessions to safari companies.


European Community (EC) hunters (excluding those in
 
Spain and Portugal) spent about $3.3 billion harvesting
 
some 72,000 metric tons of wild game worth about $400
 
million-about 0.5 percent of the average EC consumer's
 
annual intake of meat (33). 

In sone U.S. states, there is a trend toward the Euro
pean style of hunting in which a hunter leases hunting
rights on private land. In Texas, where commerciai fee
hunting is highly developed, hunters annually pay land
owners more than $100 million for access rights (34).
According to a 1980 survey, 47 percent of those who 
hunted or fished in Texas did it on land they either 
leased or owned (35). In south and central Texas, income 
from hunting leases now exceeds that from livestock 
operations, and the economic value of wildlife has 
changed many patterns of ranching. The protection of 
game habitat in livestock ranching is now a common
practice, whereas until recently, habitat such as woody
brush was considered noxious because it reduced the car
rying capacity for range livestock (36). 

Around public lands, many businesses have developed 
to cater to hunters, fishermen, and other recreationists. In 
some U.S. states, like Alaska, guides are required by hun
ters entering primitive areas. A sizable industry has devel
oped in the U.S. west for outfitting and guiding hunters, 
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Table 6 2 Revenues from Wildlfe and National 

Parks in B1otswaria, 1972-78 
~ ~housandiadSii'"' 

'-To'' +Rev..: 1919garoos.. ,,:e,

T . R ................. 1
l-Penue,-


Huntin Licenses ''K~ 355.4National Parks Entrance Fees, 10.7.Game Trophies and Sale of Ivory 26.0 

ExpolTDuty .52.9 
Total Revenue . 445.1 

973 '..+1974"+19"75 19T7 ,1978:A976' 


2989 3582 3974 386.1 4446 309.7135 226 29.9 51.8 284 256395 0.5 21.7 03 411 0.5 

473 193 261 414 54.7 46.9 

399.2 400.6 475.1 479.6 5728 382.7 

Department ofWildlife and National Parks. Central StatisticsSource: AdaptLd from BotswNana
Office Statisical Absiracts 1979(Gaborone O5Ws.Bc, , 1980). 

:+::o~~~~~~r,=rope .mm+,,,a.: 

fihe ,ari d other recreationists Charges of up to 

$1,000 per day for elk hunting are common in the better 
elk ranges.1 In 1983-8 ,t ee wr 31 registered outfit-
ters; or guides in Alaska, .159 in Arizona, 172 in'Califor-
nia, and 592 in Colorado (37).' ",'failed. 

Cropping '. . '~ 

Cropping refers to culling animals fromia wild herd, in 
numbers that will not -ndanger the viability of the wild 

~population.' Cropping may be done either as'a~manage--
imiit technique to preventthe 'animalsfrom overpopulat-
'ing their habitat,'with the animals' meat products as a' 
'secondary'benef it,' or it may be 'done primarily 'to pro-i 
duce' meiat and animal products under restrictions that 
preve'nt killingtoo many animals. Commercial harvests 
animals'from. large herds have ben a wildlife-b'asedindust&r':the+past>30 to years. : ''' 

InArc, iopn isbeing done. successfully in Namibia,Zimbbweand he r'" .fabweSouth Africa. 
Quotasjare established by game ', tments on private, ',',p:ieand state the~b .... ..+ ..... .,lands; and ~ night ,+. ::,-,+an tate lands, iand the anim als usu6afiy are shot'at because of poor marketing strategies (43).''Statisticsu la s at igh . on tonnage of 'gamemeat in international 
and butchered-in the field. arcasses are transported, 

stheanount 6f 'meat produced from wildlife islarge and 
are frozen for export, primarily to Germany, Franceand 

n190 amermes an ae aresotenEurope. 'In 199 dafrmter in Nmbaere
$214$23' per head for 'sprihigbok and $126-$152 per head' 
for kudu (38). In 1980, some' farmers'earned-between 
$31,000 and $47,000 firm cropping game on their land,~
Gross income from export of,meatraserom $1.3 millhon, 
Gsin com8 e$otof2maAr'frm$.in17.Tbe hw ht~o million. 

il- 198 o~$.4milio shwsthein199.~~.~le6. 
nube ofaim cropped in the 1980 season.. -

. 

"Nuisice"pou atniotn o larger seissuch-a 
'A' " elehantsofwhereelep ants andhippopotamuses have been reduced 'by..ro .... asstiebut:one' haebenhavsedi

cropinghavbutnonben havesed iasutaind , 

Syield program because annual recruitment for the~se large 
~ species is low. Elephants, buffalos, and' hipposareo II 

ias fod and' asa source of revenue. Most of 

the wild meat from New Zealand and~the European 
nations is from red deer, roe deer, and rhamois. From 
retn ti agl'Erpahr&adrbis

releasedth 
Although. wildlife' is unlikely to, compete with~livestock ,7 

as a urce of food on a large scale, it ca be xpete 
' 11 frsm-tm in the future-in areas;.Imato provide ma o sm ie ~ 

uIomestic liveostock can not be'raised profitably1 or1 
efficiently. This is especially true, in regions such as~ 

tud hti sup ort wildlife more effici'entlydeserts and tudr th 

-cropp)ed, annually from hierds in' Kruger Nationial Park.inA~ ' I-A~I 

Africa to prevent epizoo 

sei, 't6r. proec the'habitat from overuse, bythe 
South seases among crtain 

4larg hrbiy Beeoadhevres.tween'1967 a '1981 '9,456 
'elepihants, 25,857 buffacis,,'n'2 ppswr reoe-'" 

fo Kur T p ar tspoed 

to a central abattoirwhere themeat is either cannifd or 
drid'ki~jiors bltn ~pnsand oher poduts~ Vdre sblog. Skns k~rIon 1n ote producar~aed forsl and the ofal and bones are renderedL 

into carcass meal for animal, food. A net profit of 
$217,500'per .year was attainied~duing 1977- 81 (39). 

' 

>Cropping of k m red anid gray 

c 1851~des, has been a.major -activity in Australia since 

clie , rwererd,
 

as seriouscompetitors for forage with range live
,,stock;land ,have +sjected them toco trol ~by ,,h ooti +r'' 

stockoising Kangaoo avebjtde takontroln by rgeoting ' 

bf os ningehe md195Ks hrav e hitesn uforept foodand 

in some cases for human food. A total of 597,040 kilo 
grams of kangaroo meat worth $823,779 and 1.8 million 
ka'ngaroo skins worth 'almost $8.5 million was exportedfrom Australia in 1982-83, , . 

in, 7and 1976,an+:averiage year. Between :+1957In'the Soviet Union, about 200,O00saiga-.antelope are 

commecialexploitation ofsaiga by the Soviet state inKazakhstan amounted to 600,000 metric tons of'tmieat, 3 
million hides, and 10 metric tons of horns worth approxi

mately $100 million (41)' .
 
'*In 
 some cases,. however, cropping enterprises have 

Organized schemes for cropping animals from free
ranging populations were attempted several times, in ast 
Africa, either to provide food for local peoples or to 
reduce iiumbers~of large mammals, including elephants,
that were damaging their habitats by overgrazing. Most 
wIre.otc.ntinuedby.nd. first trials (42). Some were not 
'econornically profitable, because of long distances to, 'mar

"kets and the lack 'of sanitation andrI'efrigetin in'remote 

'rsLsowrl 
'opinion' a'nd in some cases, fromI opposiionby the~live
stmckliidusty becauseoc ° etm 

andAg icultur Organization (FAQ) in the Kajiabu ....
 

I IU~yfie~bcis~fciently large~nuhmbers(from 100. to 200per day) of sevenlherivoes by+,readshoinspecie of-lag ca n 

Table, 63 Results 'of t ' 1980 . 
Seaon in Namibia for; Export of Meata1 

' -.. 

NUmberof Animals fered , 45,74B6 >q2"I4 610, 4082oeAimalsaCrpp 3,491Nembcr 4s0,232 329 
4Numbero,~Arnialss Aroed; i422ii 
iby He1alth Inspectors ' - .39,035 

' Numb~er of Carcasses Condemned ~i- ~938
rcp7 I5f~~ 

'A Note:4 Tae'arrasver e rpe n29nhso 6rf 
Source, E c to'Unto~o 

13 t~ 3lrC0Mo)~erflY 

A34 11~.1 
3,437 ""32 

-p-. 4-. 77'~~pwt em~ 
s17f~ fPn e 

Gamnqonrvt'ed 

Iif~lisI~avsigsfi 

' 

I"'I 

~ 

4 ' I 

82i 

1 
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6.4 Exports of Gamie Meat F'Tabl 	 Select d> 
SCounrtries, 1966-78 

U 	 KngdomZaland 

France'

Austria 

Netherlands 

Yugoslaia
Others 

:otlT 	 :" 

~~i~p"'~"ne~~:os~ -'~. 

,1966-70 1971-75 

Unied 1110'~>:7~00

X X
"3,100 4,200 

500 370
2	300 2,800,

900 1,700 
600 :600

2,000 7,600 
. ..	 :16,600 ':; 28,370 

Tota> 2 72'' 28,701,60, 
'-' nolaailale2'-"<, 

$W 2 

1976 199 T 

"j3,0& 14,00
6,200 8,200
2,8007No 4':4100 

'2,700: 2,800O~
4,000 4,400
2,200 1,800 
1,10- 900
3,800 5,700 

1978 

7 ~ 
81GO 
4,000 
3,000'
2,900 
1,500" 
11003000 

;36,000: 42,000 ' 40,60 
soo~; 2,00 4600 

Source: Groame Caughley, TheDeff Wars. TheStory ofDoor inNew Zealand (Hoernan
Publishers, Auc l nd, New Zealand, 1983), Table 1, p. 103. 'ere 

because the wild species have become adapted to , , 

extreme environmetal conditions (45). 
' ' '' '' , 'ing

Game Ranching ' 	 'markets 

ln~ontastto~ropi~ggae ancingis he~aisng~f 
'gae o mied it catle&oher,-ote rnchs 

iniptsfoodadwater from the land-wereasthe gme.
'croppr rov~~ides no, inputs to raising the game.& amany, counu~tiern~lthan 


In many, countriesin southern Africa, where game

ranching is laws allow. ranchers t'clr•,ost'.ppula. allure 
wirldlife' within: the feniced, borders of thei'r pr~operty. By '~ ~~' 
mixing~ wildifej arid livestock a rancher can make more ,.REGIONAL' TRENDS IN WILDLIFE MIANAGEM ENTI ~' 
efficient' uye of r 

g 	 frad ty 6siof ugulates; For ew 	 n bgrown
n' S6'uth Africa game ranchingmis 'practiced by-about

8,20b 'Tanciowners, according to estimates provided by ' 

proirlial departments of nature conservation (46), From a 

'iiof. 

determinehd that 52 percent of '2,207 landown~ers' who, re-

on 	 Clorado. State University in hUnited States 

spne sought' inoefo !die Thirty Itwo percent
did 'not seek'inconi but used Wildlife, andin16~~percent "'~the 

said they w~.ere not, usinig game on their, farms, (47). The rancers4.mal~e~dSildlife through sport hunting,- crop-~ 
ping 	'of several "species for meat':skins 'and other prod-

ucs y capturing live, animals for sale to'oher on 
" farmers' for4 restocking. Benson estimated that wildlife on 1is 

private lanid contributedbetween $28.6 and $33.6million 
44~4~to South' Af rica s'gEfarm income'in 

r'anches adfarms'jhad 7 e 'ietc-she, n 


44goats-inth, sam patrs'ihter ildlife and&'81'per.~ lanid asigied&fo hunting. Leasing'a"reiiier can cs 
4~cerit' had.fenced theirproperty,""t'ep'ildlife insid. 4' ''yea'p the best known game rarih in e f"'Pcranhanc 	 h s Arc s
the '8,100lictare Hopcraft Ranch souh o'f Naioi Key. 

444'The ownier, David.'Hbpcraft, is aln ecologist and consrv-
,tionist wh hp.s t'd nsraete viability of game
~aniching, H trtee. 4t, ' impj5ala, Thompson's ard Grant's"<",
gazelles, 4'and wildebeest are kilil on te ranch ajnd the4 

utorestaurantsin Jrobi catering to te 
tourist' trade."This operation is4 particularly impobrtant ' 

because of studies being'conducted oii'yields'of variousanlopeand 

in yseoprf-rp hti his mixed cattle'and, 

speceof te economics of the game farm 

~ildlife and'HHabita--W 

gaine ranch ismore profitablet han nearbycattle ranches. 
Whether his operation: can-b'6bu~l1a.ed b-th-.2i221ji-

~rnchs s-questionable,' because- the -mnarket may not. sup-h 
port more than is'now being sold (o" 

In New Zealand~, croppng'ofintroduce'd:deer. evolvedinto deer ranching overjaperiod'of about50years(5Becausethieer had nn i aturIl enemisiNew 
~ 	 '~~mgc "Zealand,i they. increased to levels.that seriously daative forests nd pineplantation' (52.Initially,profes

sional hunters werehired tb) shoot deerioly f3o4rheir
 
:,- , e 


skins. Carcassesw rd left to rot because there were
 
insufficient'jiarkets at home or abroad. to absorb all that
 

taken..Howeve, i the early 1 0 markets: for
 
venison were developed in,Europe, and between 1959
 
and 1983 ,more than 1.5 million carcasses were exported

by the game-meats industry..


Bythe early :1980s, cropping had dramatically reduced
 
deerinthe wildandthe industry turned to game-ranch
 

red, sika, and fallow deer to, sustain the, game-meat ,

that had been developed, as well as, the Asian 
demand for, antler velvet, which is used for medicinal 
purposes. By 1976 an estimated '50,000. deer were on 
rovesansome, 1986 thenumber grewto 350,000 onches 	and by 

ace 5)'fewuryi lwuoron 
'retrenchment because more venison is being produced'~can be sold'ln :New Zealand: or' n; European mar-: ¢ !+T 

ketus 

Widlif nent iv regions ofthe world has'out of ifferentcultures and different pressures facing 	 widlife Three wildlifemanagement "systems-Lthose ofEurope, Africa, and the4 Unite~d Stts-r exmnd ee 
''"" 	 '' , 

InmedievalErp~wllf was theexclusive prpryof 
tekn.In England, lands not parceled'out'to nobiity4.(' 
wer delae "rya foess inWihtekigaoeh 

Eur' toed tepoe ' 4h4eright to hunt (Roinwiir'a14'l'od~wasa poacher in 4 

'kiiig's forest). Franchises were grantedi to no~bles to take ~" me6'l'li'didii'sn" sstpru 
game across the lands' of otners (5-4). I';n~giand 'and4'miost 

, 

~ 
the Euopa conre, ces o wlfas~ and stillZ ~?'' 
essentially cotole by'44th"4landowners. 

4 C i 	 can pay43 , f
"andowner'fheir t19 lands ''.
 

4
Leases ae" ma~de through4 a systemorreversof plos o 

$5,000 or_ more ,pe,I telfrtewlae ongm ve obin ibeto n
 
dmgedn" it'on the revi&eidr lb. adjacent 'property4' 

(55) Althou&ghi the government may adminiister wildlife" , A

' ' 

reouces 'through 4regulations, ianagem ent is-argely a 
landowneir and hiunter responsibility Wildlife is carefly 
maae n avetdfrssaie"ilso trop'hy!
nimals 	and meat*L 
Clearlythe system of hunting in'Euirope is,resricted to 

'those wlo'an afford it, In,most European' countries hun
t
 
r~equired to maste lega an c:taditional hiuntingssills.
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Wildlife and Habitat 
They are organized into hunter associations or clubs that 
lease hunting rights (56). 

Management of wildlife in Europe is concerned mainly 
with producing aninals for sport hunting. Even though 
only a small percentage of the population hunts, harvests 
of big game and game birds are enormous. Hunting is ain 
economic asset to both private and public purses
(because of taxes on land leases), and nowhere in the 
world is management more intensive than in Luropean 
reviers. Gamekeepers actively control predators, protect 
game from poachers, select specific trophy animals for 
the harvest, crop those of inferior quality, and protect the 
habitat (and croplands) from damage by the animals, 
Many are trained as foresters and use silvicultural tech-
niques to favor multiple use of forest products including 
wildlife. 

Attitudes toward management of nongame species vary 
considerably from country to country in Europe. In some 
countries, nonconsumptive uses of wildlife are vastly 
more popular than hunting. In England anti-hunting and 
animal-rights movements are popular. Nature study is 
extremely popular, as evidenced by the number of books 
and television programs about wildlife and by the num-
ber of people involved in birdwatching and nature study 
organizations. In other countries nonconsumptive activi-
ties have - low priority. In Italy, Spain, and Greece, for 
example, songbirds are regularly hunted for food. 

A relatively high percentage of Europe's wildlife is con-
sic-red "nationally threatened:' that is, threatened within 
a country's borders though not threatened globally. For 
example, 57 percent of mammals are threatened in 
France, 53 percent in Spain, 51 percent in the United 
Kingdom, and 16 percent in Austria. This compares to 8 
percent in the United States, 6 percent in Canada, and 2 
percent in Japan. (See Chapter 21, "Wildlife and Habitat:' 
'Table 21.3.) 

Germany, the Netherlands, Spain, and Turkey ieport 
many more species of birds have declining populations 
than have increasing populations. Of the European coun-
tries, only Finland and Norway report species with 
increasing populations (57). 

Protection of nongame species is regulated by the Con-
vention on the Conservation of European Wildlife and 
Natural Habitats, also known as the Bern Convention, 
which has been ratified by 13 European countries and 
the European Community. Another seven states have 
signed but not yet ratified the Convention, which came 
into force in 1982. 

The Convention imposes a legal obligation on signing 
parties to protect all important breeding and resting sites 
of hundreds of species of animals, to prohibit killing of 
these species, and to prohibit the picking or uprooting of 
119 species of plants. Unlike many conventions, the Bern 
Convention imposes mandatory provisions and has an 
administrative structure to oversee implementation (r8). 
The Convention's Secretariat has taken an active role in 
urging countries to adopt specific measures to preserve 
the listed species. For example, the Secretary General 
wrote to French, Spanish, and Italian authorities to draw 
their attention to the danger of extinction of the brown 

bear in the Pyrenees and the Alps. He also urged Bel-
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gium, Denmark, and the Netherlands to take necessary 
measures to prevent the disappearance of certain popula
tions of black grouse that were threatened by changes in 
peatland habitat (59). 

Africa 

Management of wildlife in Africa was patterned after 
European systems and, unti! recently, most management 
programs were for game species. The first international 
agreement to conserve wildlife in Africa was signed in 
London in 190(J by the European colonial powers that 
then governed much of Africa-France, Germany, Great 
Britain, Italy, Portugal, and Spain-to prevent the uncon
trolled massacre and to insure the conservation of diverse 
wild animal species ... which are useful . . . or inoffen
sive" (w0). This Convention was the first treaty to encourage 
the establishment of nature reserves. It prohibited the kill
ing of certain rare animals, but its primary purpose was 
to preserve a good supply of game for trophy hunters, 
ivory traders, and skin dealers. It also urged signatories to 
"reduce" certain other species of predators or nuisance 
animals including lions, leopards, and wild dogs (61). The 
190(0 Convention was supplanted by another Convention 
in 1933, which refined some of tile provisions and ended 
the concept of nuisance animals. 

As African nations gained independence, a new treaty 
was needed and in 1968 the African Convention on the 
Conservation of Nature and Natural Resources was 
endorsed by the Organization of African Unity and rati
fied by 28 nations (another 14 have signed but not yet 
ratified). This treaty has been called "the most compre
hensive multilateral treaty for the conservation of nature 
yet negotiated" (62), beca' e it addresses the conservation 
of soil and water as well , wildlife. Unlike Europe's Bern 
Convention, however, the ifrican Convention failed to 
establish a secretariat to oversee its implementation; thus 
little has been done to encourage signatories to abide by 
its provisions (63:). 

Most African countries are signatory parties to the Con
vention on International Trade in Endangered Species of 
Flora and Fauna, which prohibits all trade in species that 
are believed threatened with extinction. Since the Con
vention came into force in 1975 the list of restricted spe
cies has grown to more than 200, including both plants 
and animals. Administered by the United Nations Environ
ment Programme (UNEP), CITES has a secretariat, which 
works with designated management authorities in each 
country. 

Africa's spectacular wildlife is currently under severe 
stress from loss of habitat to agricultural development 
and grazing and from poaching. In most countries of 
Africa, burgeoning numbers of people, most of whom 
live in rural areas, compete with wildlife for habitable 
land. The rate of population increase in sub-Saharan 
Africa is the highest in the world. Growing at 3.2 percent 
per year, the present population of 450 millicn will triple 
by 2100 to 2.5 billion people. (See Chapter 2, "Population 
and Health*') Figures are not available on precisely how 
much wildlife habitat is being lost. Currently Africa is 
underpopulated by the standards of the more densely set
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tied developed countries with large tracts of nonpark 
land used by wildlife. It is this type of land that is most 
likely to be developed, but there is some pressure on 
reserves as well. For example, the Kenyan Government is 
encouraging the development of huge wheat plantations 
west of the Masai Mara Reserve in one of the country's 
few areas suitable for agriculture. As land is converted to 
agriculture, Masai cattle herders are being forced onto the 
reserve where their cattle compete with wildlife and may 
be in danger of overgrazing the range (t1). 

Widespread poverty and human misery exacerbated by
drought and political unrest have turned SOlme regions of 
Africa into killing fields for organized poaching for sale 
of animal products in foreign trade. Some 65,000 black 
rhinos have been reduced to a mere 4,50(10 in east, cen-
tral, and southern Africa since 1970 (65), and pressures 
continue on those remaining. At $400-$600 per pound, 
uI) from $17 per l)ound in the early 1970s (66), a single 
rhino horn may bring a price worth more than a year's 
wages. 

Eight thousand of the total )opulation of 11,000 
elephants in the Central African Republic have been 
taken by poachers for their ivory. Ninety percent of 
Zaire's elephant population has been eliminated by 
poaching. One recent estimate is that 95 percent of 
Africa's elephant population will be killed if poaching 
continues unabated (67). 

In East Africa, poaching of elephants, rhinoceroses, 
leopards, zebras, and other animals of high value in coin-
mercial trade became so serious in the late 1960s and 
1970s that in 1976 the Kenyan Government banned hun-
ing. Other nations followed suit. Kenya and some of its 
neighboring states are reluctant to reopen hunting sea-
sons even though many areas support huntable popula-
tions of game, because hunting could encourage illegal 
traffic in protected animals. 
Some wildlife experts, on the other hand, contend that 

hunting guides actually helped protect the wildlife from 
poachers. Guides who held a permit for a certain tract of 
land had a vested interest in maintaining a viable popula-
tion of gane animals and would sometimes apprehend 
poachers in the vicinity (68). Since the ban, wildlife and 
park agencies have suffered a loss of revenue from sale 
of licenses and permits for concessions and other activi-
ties associated with tile safari business. Lack of govern-
ment funds as well as loss of support from external aid is 
responsible for the closing of Kenya's on"e-active field 
research stations in Tsavo West Park and the Masai Mara 
Game Reserve, as well as the Serengeti Research Institute 
and the research station in the Selou Game Reserve in 
Tanzania. Operation of parks in most East African court-
tries has been curtailed. 

Despit' efforts by African countries-including banning 
hunting and patrolling with armed game rangers-poaching 
continues unabated in many places. Countries in which 
civil disturbances are taking place and where firearms 
are readily available tend to have the most serious prob-
lem with poaching. These include Uganda, Central Afri-
can Republic, Chad, and Sudan. 

In Malawi, on the other hand, a combination of armed 
anti-poaching patrols and police investigations to break 
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up local illegal trade rings has resulted in a sharp drop in 
the poaching of elephants. (See Table 6.5.) 

Zimbabwe actually has too many elephants. Conserva
tion and management efforts have increased the number 
of elephants from 20(0 at the turn of the century to 
40,000 in 1987. The government is now trying to reduce 
the lumber to 30,000, which it considers a sustainable 
population (wo. 

United States
 

The United States has put considerable resources into 
conservation and wildlife management. Fifty-nine percent 
of its citizens fish, hunt, or engage in other wildlife
related recreation (70). Over the past 10 years there was a 
substantial trend toward nonconsumptive wildlife activi
ties, such as photography, birdwatching, and nature walks, 
while tile number of hunters held steady and the num
her of fishermen increased slightly, according to the U.S. 
Fish and Wildlife Service, which has published a survey 
oi fishing, hunting, and wildlife-associated behavior every 
five years since 1955. Before 1970, nonconsumptive uses 
of wildlife were not even included in the study, but they 
are now growing faster than fishing or hunting. In 1980 
the survey reported 83 million people engaged in non
consumptive activities, up from 43 million in 1975, with 
an even larger number expected in the next report to be 
issued in late 1987 (71). The number of sportsmen 
increased only slightly between 1975 and 1980, from 45.8 
million to 46.9 million, mainly because of an increase in 
fishermen (72), and it is expected to remain fairly steady 
in the 1985 survey. 

As in other places, wildlife laws were introduced in the 
United States to manage and protect game animals. The 
states were primarily responsible for game management, 
particularly big game and fur-bearing mammals. But the 
federal government-the U.S. Fi.h and Wildlife Service 
and the National Marine Fisheries Service-has taken an 
increasingly active role in managing migratory game and 
nongame birds and marine mammals over which they 
have jurisdiction, as well as the management and recov-

Table 6.5 Effects of Anti-Poaching Programs 
on the Number of Elephants Poached in Two 
Areas of Malawi, 1977-84 

KasungumNational Park Vwaza MarshbGame Reserve 
977 

197' 5 X 
1979 26 X 
1980 
1981 

35 
55 

22 
21 

9821983 29"7 23
29 

1984 

1985 
7 

X 
1311 
5 

Notes: 
elKsurjp hanot Park250n cer a M.Ilia.l ner he 7ambia border Theerthraled total 

b Vv'a Marsh Game Re5ere ,.n or..errr Malam rear theZamb a borode The estimatedloti lelephant [W][1ulatrl,5800O 

Cd Arnmoachi r ,jv ,to,:,r,,, rartayAWh poa;chim, l yam, . 1984, rroa,,1982:)"; ,';'!n 

Source: Tho-irF, McShra,. AfrcaPr,a, Wrld WIi,1r -fld (WWf)UrltUblshed reporl 
to 1,,e Mal,, (tiern-rre 'V) Wa,,,olor. D 1987) 
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ery of threatened and endangered plants and animals. As 
wildlifc became less important as a food source and 
hunting and fishing became primarilv recreational activi
ties, laws began to reflect the idea that wildlife should he 
protected for its own sake (7T. The lndangered Species 
Act of 1973 declares that endangered wildlife "are of 
esthetic, ecological, educational, historical, recreational, 
and "'-ientific value to the Nation and its people"' (71l--t he 
most comprehensive official statement to date about thediverse value of wildlife. 

However, most of the wildlife management funds are 
still directed toward game species. Of the approximately 
3,700 vertebrate species in the United States, only 10 per-
cent are class:fied as gamne animals. Yet about 90 percent 
of tie more than $500 million speit anitolallV Oi wildlifc 
management by the state and federal governients goes 
to game animals (75). Althougsh Congress passed the Fish 
and Wildlife Conservation Act (commonly called the
"nongame act") in 1980 requiring each state to prepare 
conservation management plans for fish and wildlife, 
including nongame animals, no money has yet been 
appropriated. Game management is financed by hunting
and fishing fees as well as by taxes on related equip-
ment. Some states have passed legislation permitting 
funds for nongame programs to be obtained from special 
taxes or fees on automobile license plates. Thirty-one 
states allow citizens to check off a portion of their taxes 
for nongame wildlife conservation. 

The amount of public land designa as state and fed-
eral parks and wildlife refuges grew c,..JriUously through
the 1960s and 1970s, then took a huge jump in 198) 
when large L,ic:ts of Alaskan lands were reclassified-
more than doubling the amount of land in these categor-
ies and increasing by nearly fourfold the amount of land 
in the National Wilderness Preservation System (76). Since 
1980 little land has been added to the public system, 
which now totals more than 109 million hectares. 

Most game animals have steadily increased in numbers 
in most states, with the general exception of ducks, 
which have seen a downward trend in population since 
1980, although individual species may be increasing (77). 

Since 1880 more than 160 animals and plants are 
known to have become extinct in the United States (not 

including Hawaii, which had more than 140 extinctions 

since 1850) (78). The Endangered Species Act seems to
 
have slowed the extinction rate: between 1982 and 1984
 
three fish, one mussel, and one bird were removed from 

the list because they were presumed extinct (7)). A num-

bet -.f species have been reclassified as "threatened:' 

meaning they are in less serious danger of extinction. 

Notable for their recovery have been the bald eagle, the 
osprey, the peregrine falcon, and the American alligator. 

In its 1985 assessment of wildlife the N;t"onal Audubon 
Society noted that animal species in severe danger of 

national extinction include the polar bear, wolf, sage 

grouse, and Kemp's Ridley sea turtle. Species in serious 

trouble include the woodland caribou, loon, black duck, 

spotted owl, loggerhead shrike, hooded warbler, and the 
Atlantic and Chinook salmon. The major threats to wild-

life outlined in the report are excessive roadbuilding, 

overgrazing, oil and gas leasing, excessive timber cutting, 

and declining budgets for conservation (8o). 

FOCUS ON FRESHWATER WETLANDS 

etlands are among the orls most important
('tsysteiis. Av(oideI thioughout most of human history 
as undesirable places to live, swamps and moors were 
thought to be evil and inystrious, the hone of spirits 
and mystic animals. Once viewed as useless obstacles to 
agricultural and industrial interests, they are now
recognized for their great valies in chemical and 
biological materials and cycling, and especially for their 
rich diversity of life. Wetlands filter pollutants and act as 
reservoirs of nutrients in food chains, produce forage for 
(h1nestic aiiiinals and fuel (peat) for humans, provide 
est hetic, recreational, and cultural benefits for society, 
an provide iahitats foa it ost of plaits and animals. 
Size and Extent of Wetlands 

Found on every continent except Antarctica (see Figure
6.3) and in every climatic zone, wetlands cover about 6.4 
percent of the earth's lano surface (see "lhble 6.6). They 
are patchy inldistribution and generally small. Only those 
of tile lowlands south of Hudson Bay in Canada and the 
O)b-Irtysh area in western Siberia are comparable in size 
to large deserts and coniferous forests (81). Most occur in 
the cooler regions of the world where precipitation 
exceeds evaporation. 'lvo thirds of the total are probably 
in Canada and in the western and northern Soviet Union 
(82). 

Wetlands have been mapped and quantified primarily
in the developed regions of the world, including Europe, 
North America, Australia, New Zealand, the Soviet Union, 
China, and a few regions of Asia. Much of the wetlands 
in developing nations have yet to be delineated. Data 
compiled from several sources show that the alkaline
 
mineral soil swamps and marshes make up 2-4 million
 
square kilometers; and more acidic bogs, fens, and peat
lands comprise 1.5-3.6 million square kilometers (83). 
Data in these and other estimates are usually sketchy
and almost never comparable. One estimate places the 
total area of global wetlands at 8.5 million square kilome
ters (81). 

The International Union for Conservation of Nature and 
Natural Resources (IUCN) has launched an extensive 

Table 6.6 Estimated Area of Wetlands in the 
World by Climatic Zone 
Wi 

Wetiland Area 
(thousand Percent of TotalZone Climate square kilometers) Land Area 

Poaar Hu,,iid, somrnunid 200 2.5 
Borea HTurnd, semihumid 2,558 11 0 
S-oearo! SemrnrcHurmrci 539 73342 4 

Arid 136 1.9Subtrolc,:, HufMI' 1,077 17.2 
Sermird 629 7.6 
Arnd>cd 2,317 87Humd 

Semiard 221 14 
Aric 100 0.8 

World Total 8,558 6.4 
sour,:,.. .a J M v' 11 Wtlas (Van NostranwRenhold Co Nie,, York 1986). p 4 
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for domestic animals. Other activities that seriously affect rounded by arid, heavily grazed lands. 
wetlands include peat mining; pollution by toxic materials Because only 4 percent of its land is arable, Botswana 
from agricultural and industrial chemicals; channelization is interested in opening new irrigated farmland. Several 
and obstructions of waterways by dams, dikes, and levees; experimental irrigated farms have been established on 
eutrophication caused by runoff water loaded with fer- the delta's southern fringes. While traditional "mo~apo"
tilizers and wastes; dredging and filling for navigation; farming, which involves plowing and planting as the 
flood protection; and housing developments, swamp waters recede, seems successful, soil scientists 

Of the original 87 million hectares o,! wetlands in the warn that iriigation will seriously increase the natural 
United States, only 40 million hectares (46 percent) salinity of the area's soil. On irrigated farms, flood waters 
remained in mid-1970 (w). Of those, 37.9 million hectares would be kept out. Without flood waters to wash them 
were freshwater wetlands and 2.1 million were marine or away, salts brought to the surface by evaporating ground
estuarine wetlands. The n loss between the mid-1950s water will accumtlate, leaving the land unproductive (91).!nual 
and the mid-1970s was 185,00( hectares, with agricultural Developers have looked at the Okavango Delta for 
development accounting for 87 percent of the loss. years as a source of water for agricultural development

In Africa, two large wetland systems--the Okavango and for use in mining diamonds and minerals. The 
Swamps of Botswana and the Sudd Swamps of southern Okavango may also face pressure from cattle grazing if a 
Sudan-face threats from development. The Okavango controversial World Bank project c .Iled Livestock II pro-
River flows out of the highlands of Angola to form the ceeds as planned. Tsetse flies have made cattle raising in 
Okavango Swamps in Botswana, which range in size the delta impossible, b ,t the Botswana Government has 
each year from 6,000-13,000 square kilometers, depend- recently begun spra ,,ng pesticides in the delta. Botswana 
ing on the flow of water. Only 3 percent of the water is economically dependeit on cattle, which have over
that flows into the swamp exits at the swamp's outlet at grazed much of the country's arid rangelands and could 
Maun; the rest is lost to evaporation. The world's largest seriously damage the grasslands of the Okavango.
inland delta, the Okavango is one of the world's most In southern Sudan, construction of the Jonglei Canal, 
untrammeled, pristine wetland ecosystems. It is stir wh~chl would divert a quarter of the flow of the White 

Box 6.1 The Return of the Florida Everglades 

Because wetland losses are usually irreversi- finfish and shellfish resources. Losses of fish and wildlife were enornmous. 
ble, an experiment to restore the natural In 1883, projects were begun to drain the About 2.5 million wading birds used the Ever
flow of water to a vast wetland in the wetla'.nds for urban and agricultural purposes glades in the 1880s, but there are only about 
southern United States-the Florida A shallow canal was dredged to connect Lake one tenth that number in south Florida today
Everglades-has captured the attention of Okeechobee with the Caloosahatchee River to (31. Numbers of the once-abundant American 
conservationists the west, and five other canals were dredged alligator and catches of fin and shellfish by

For more than 100 years, these wetlands from the lake to the Atlantic. Other projects commercial and recreational fishermen were 
were drained for agriculture and development, followed, wilh the reult that by the early drastically reduced in freshwater and estuarine 
Now state and federal agencies are attemp.ing 1930s tte drainage between Lake Okeechobxe hahitaLs. All species of wildlife were reduced 
to undo their channelization projects an. re- and Florida Bay was completely severed, in number as wetland habitats decreased. 
store the wetjadcis to their former productivity They are now separated b3 a wide band ef Now the wetland losses are being reversed. 

The Everglades, an immense freshwater agricultur'al land. South of Lake Okeechobee The reversal was triggered by a plea from 
wetland system of marshes, lakes, and natural some 283,000 hectares were converted to rangers in the Everglades National Park. In 
drainage, stretches for 240 kilcmeters in the agriculture, mostly sugar cate (2).Despite 1964 following several years of late rains and 
.outhern third of Florida m. Hammocks (or protests from the Florida Game and Fresh- a total cut-off from the natural flow of water 
tree islands), sawgrass prairi, , mangrove w.ter Fish Commission, the U.S Army Corps from the north, the park suffered a severe 
swamps, pinelands and bayheads (mixtures of or Engineers completed channelization of the drought, which threatenm.d significant long
cypress and willows) occur in the matrix of Kissimmee River in 1971 to prevent flooding term ecological damage. The National Park 
several kinds of freshwater and marine corn- oi dr-wnstream cities and agricultural land. Service petitioned Congress for guaranteed
munities. These afford unusual diversity in The 23,310 square-kilometer wetlands com- deliveries of surface waters from the control 
plants and animals not found in such num- prising the Kissimmee River-Lake Okeechobee- structures. Six years of negotiations among
bers elsewhere in the United States. Among Everglades ecosystem was ultimately reduced various government agencies followed (4).
the rative spcu2s of animals, some of which by a third to 15,540 Nquare kilometers. Meai,- Restoration of water flows finally began in 
are endangered, are the Florida panther, while ia that 100 years, the area's human 1970, when the U.S. Congress required the 
round-tailed muskrat, Everglades mink, mana- population increased from 11,200 to about 4 Corps of Engineers to deliver a monthly quota
tee, Everglade kite bald eagle, peregrine fal- million, of 260,000 acre-feet of water to the drying 
con, osprey, American alligator, American The drainage projects also resulted in Everglades. Further serious efforts were begun
crocodile, and green turtle. eutrophication of Lake Okeechobee, lowering in 1983 with Florida's "Save Our Everglades"

Rains charge the system through t1"e Kis- of the water table by two or more feet, and program, the goal of which is to restore the 
simmwe River satershed in central Florida subsidence ot peat lands at the rate of a foot Everglades to its condition of 1900 by the 
(see Figure 1),which empties into Lake per year. They also altered water quality year 2000 (5).The South Florida Water 
Okeechobee. During wet years, the lake in the Kissimmee basin and in Lake Okeecho- Management District began by attempting to 
would overflow its banks and feed the wet- bee, increased salinities in the estuaries, mimic natural flows of water through a series 
lards that now make tip the Everglades allowed saltwater intrusion into some of the of canals, gates, and pumps. While not 
National Park and adjacent marshes of south- permeable limestone aquifers along the Atlan- entirely successful, it was a positive step. Dis
ern Florida, The water ultimately reached tic Coast, and changed the composition of the persed "sheetflow" drainage was the original
Florida Bay in the Gulf of Mexico, where it vegetation communities tfrough invasions of pattern of drainage through land that fell only
provided nursery areas for a great wealth of exotic plants. an inch to the mile. A system of canals has 
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Nile's waters from tile Sudd Swamps, has begun but is prairie potholes of Iowa were destroyed in just that way,
stalled because of civil strife in Sudan (92). Tile canal is drained to provide farmland. Iowa's original natural wet
designed to bring water from the Sudd Swamps to north lands comprised 930,000 hectares when settlement 
Sudan and Egypt for irrigation projects and to improve began, but only 10,715 hectares remain (94). This story is 
river transportation between north and south Sudan. It being repeated in a great many regions and nations 
will also change the water flow patterns that feed the throughout the world. 
swamps that stretch 360 kilometers along the Nile. The The United Nations Development Programme, mul
toich, or the rich grassland floodplain, will be greatly tilateral lending agencies such as the World Bank, and 
narrowed by the canal and its reduction, calculated at up the international assistance programs of several nations 
to 50 percent, wi!l threaten migratory tiangs (wild asses), have adopted plans to protect natural resources and to 
Nile lechwes, shoebill storks, and the largest number of reduce the environmental insults of projects they fund. 
water birds anywhere in Africa. The migratory lifestyle of For example, the United States Agency for International 
the pastoral people will be changed dramatically, schisto- Development (U.S. AID) in 1985 adopted a policy of 
somiasis will probably take hold as snail larvae, which promoting biological diversity for all habitats, including
spread the disease, invade the canal, and the loss of wetlands, in its international programs (95). Legislation is 
pasturage will likely introduce new conflicts between var- pending in the U.S. Congress to require environmental 
ious tribes already at odds over land and other resources considerations as a condition for approval of projects in
(93). Due to be completed in 1985, the Jonglei Canal is the developing nations. Restoration and protection of wet
now not expected to open until late in the decade. (See lands are expensive. The U.S. Fish and Wildlife Service 
Chapter 12, "Policies and Institutions:' The Nile River.) paid $701 million to purchase about 1 million hectares of 

Although drainage of large wetlands such as the wetlands in the United States from 1962 through 1985
Okavango and the Sudd Swamps may have drastic conse- (96). Ducks Unlimited, a private organization interested in 
quences for wildlife and local peoples, drainage of small waterfowl and wetlands habitat, has spent $227 million in 
marshes and swamps incrementally adds up over time to Canada on restoration of wetlands since 1937, developing 
even greater losses. In the United States, for example, the 747,457 hectares and reserving another 1.5 million hec-

Box 6.1 

now been designed to allow water to flow Figure 1 The Florida Everglades

southward in much 
 the same fashion from 
shallow upstream reservoirs. 	 . . 

Current state and federal holdings and pro
posed acquisition of land for the Kissimmee-
Lake Okeechobee-Everglades system total 1.4 
million hectares (6). The National Park Service 
has taken steps to restore fisheries stocks and 	 -. " 
to preserve several endangered species, such .. " 
as the Florida panther, and the Corps of 	 Lcik. 
Engineers has modified several of its water 
management structures and policies to accom-	 Okeechobel 

modate increased flows. Much remains to be 
done, but there is now a commitment to 	 each 
restore the ailing Everglades to health. 	 o-a e " 
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risky exotic species; forestry )rojects involving accesstares for waterfowl and other wildlife associated with roads, clearcutting, or other intensive logging operations;
wetland habitats )97). transportation projects involving construction of roads or 

A series of meetings, beginning wil the Mouvement (als that open wildlands to easy access; hydroelectric
d'Action Rurale (MAR) conference in 1962, led to the projects ilveving creation of resc'wrvoirs that flood wild
signing of the Wetlands Convention at Ramusar, Iran, in lands or construction of power line transmission cor
1972. Signatories to the Convention have imposed limita- ridors; and in'tustrial l)rojects involving chemical and 
tions upon themselves to protect and use wetlands wisely. therinal pollution, mining, or wildland conversion for 
This convention is a worldwide effort to control and industrial fuels or feedstocks. 
administer these valuable resources. The iunber of ('oil- The paper also noted that the Bank had assisted with 
tracting parties is 13, with the United States, Uruguay, Ire- financing more than 40 wildland-protection projects over 
land, Suriname, and Belgiun joining in the )ast year. the past 15 years and would entertain other projects
Tihe list of protected wetlands-called Wetlands of Inter- wh)se sole ol)jective is wildland protection (00).
national hportance-now incl(es 353 sites covering While critics oif the Bank Con lpliin that changes in 
more than 20 millioni hectares. Sites are listed by country Bank p )licy are mostly talk so far, they acknowledge that 
in Chapter 21, "Wildlife an(I Habitat:,.able 21.1. the Bank is a huge organization that will take time to 

While most efforts focus on preserviiig existing wet- change. In late 1986 the Bank was undergoing reviewa 
lams, anieffort is n(lerway in southerin Florida to restore of organizational changes designed to enable it to handle 
a wetland area-the Everglades-that has been systenati- environmental and natural resource issues more effec
cally drained and developed since 9he 1880s. This is the tively (Io). 
first attem)t to restore a wetland (ii this scale. (See Box 6.1.) 

RECENT DEVELOPMENTS TOXIC MATERIALS THREATEN U.S. WILDLIFE 

WORLD BANK ADOPTS WILDLANDS POLICY Setting aside )rotected habitat for wildlife may not be 
enough to ensure its survival ii an industrialized country.

The World Bank, as part )fa general shift toward more aware- A recent study in the United States found that pesticide 
ness of environmental concerns affecting its projects, runoff or hazardous wastes have contaminated wildlife 
adopted a wildlands management policy in June 1986. refuges, in some cases causing breeding problems among 
The policy specifies that the Bank "normally declines to wildlife. 
finance (development) projects involving wildlands of spe- A 1986 survey by the U.S. Department of the Interior 
cial concern:' It also states that conversion of less impor- found that 10 refuges were contaminated and another 74 
taut wildlands must be justified and must be compen- were in danger of contamination. The survey, based onsated by financing the preservation of an ecologically systematic sampling, was commissioned after a 1981 sur
similar area iniia national park or nature reserve, or by vey in which 121 refuge managers reported cases of seri
some other mitigatory measures (O)S). ous water contamination. The 431 U.S. National Wildlife 

The World Bank and other international lending agen- Refuges protect more than 36 million hectares harboring
cies have been criticized by environmental groups for 159 species of birds, 147 species of mammals, 34 species
being insensitive to the environment in their development if fish, )lus various reptiles, amphibians, and insects (102). 
projects. One project highlighted as an eXapllple of unsus- The contamination comes from a variety of sources: 
tainable development was a plan to increase cattle ranch- agricultural or industrial runoff, oil and gas drilling activi
ing on arid lands in Botswana. Others involved encourag- ties, wastes from military activities, or even hazardous 
ing agricultural development on fragile soils, such as the wastes previously buried on or near the refuge.
Polonoroeste )roject in Brazil, and constructing large Perhaps the most seriously contaminated refuge is the 
dams that flooded tropical forest valleys. Kesterson Refuge in California's central valley, where birds 

In his address to the 1986 annua; meeting of the Board have produced grotesquely deformed offspring and many
of Governors of the Bank and the International Finance waterfowl have been killed. The marshes there were fed 
Corporation, newly appointed Bank President Barber by agricultural drain water contaminated by heavy
Conable indicated that environmental considerations wi3, metals, including selenium, which causes mutations at 
play more of a role in Bank planning. Quoting Francis high levels (103). Asbestos fibers have been found in the
Bacon, he said: "'Nature, to be commanded, must be water of New Jersey's Great Swamp National Wildlife Ref
obeyed: To keel) development in harmony with natural uge, and military wastes such as mustard gas, dioxin, and 
forces and resources, we must a)ply that lesson on the plutonium have been found at Johnston Atoll off Hawaii. 
largest scale-from the planning stage through the execu- While the contamination has not often resulted in 
tion of every significant project" (.)). direct mortality of wildlife, scientists suspect that con-

An operational policy paper distributed to World Bank taminants weaken animals, making them more suscepti
staff said that the following types of projects might affect ble to disease and reducing their ability to reproduce.
wildlands: agriculture and livestock projects involving Reports from Europe, Africa, and Japan indicate that 
wildland clearing, wetland elimination, or wildland inun- avian diseases occurred after wastewater discharges into 
dation for irrigatiop storage reservoirs; fishery projects marshes (10.1).
involving elimination of important fish nursery or breed- Some wildlife refuges were actually created on land 
ing sites, overfishing, or introduction of environmentally that had been used previously as a dumping ground for 
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industrial or military wastes; as the refuge system uation but so far noimoney has been earmarked for 
expanded it often acquired cheap land that no one cleanup. -stimates for cleaning Kesterson Refuge alone 
wanted, some of which was former industrial or dumping range uI) to $150 million (1o(;). The long-term solution is 
sites. For example, Crab ()rchard National Wildlife Refuge to keep toxic chemicals out of the environment by reduc
in soutoern Illinois was the fillner site of a factory that ing 'them at t heir solurce or by proper disposal (see Chap
made industrial and military exploSiVes (1s). ter 13, "Managing 

Funds have been requested for further study of the sit- lenge"). 
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7. Energy
 

Rapidly changing developments in energy have signifi- and Nigeria, which had come to depend on oil revenues 
cantly affected the short-term outlook for the mix of as an important source of income, were badly hurt. 
commercial energy use and the economic prospects of As oil prices plunged, energy analysts watched the 
various types of energy production. The long-term impli- effect on renewable energy development and energy con
cations of these events are not yet predictable, but con- servation efforts. Some nations have decreased their solar 
tinuing change in response to market forces, development efforts, but others have advanced alternative energy tech
needs, and environmental concerns seems likely In 1986, nologies and dramatically expanded their use of renewa
two major energy developments siartled most experts: a ble resources. Energy conservation in industrialized coun
sudden drop in worldwide petroleum prices and the tries promises to continue, despite lower oil prices, 
explosion and fire at the Soviet ULnion's Chernobyl because of investments made in efficient technologies 
nuclear power plant. during the 1970s and early 1980s. But energy use is ris-

During the year, spot market prices for oil dipped ing in many sectors in response to lower prices. 
below $10 per barrel (from a high of more than $30 in In the Third World, energy conservation efforts are less 
1981) and the average U.S. price fell to $15 per barrel in established and analysts predict that as these countries 
early 1986, shaking predictions made as early as 1980 grow their increasing energy demand could strain their 
that costs would soar beyond $40 per barrel. Because of economies if they spend more foreign exchange on oil 
conservation efforts and an economic slowdown in the imports. In countries that lack foreign exchange, energy 
developed world, oil consumption settled at 2,809 million demand could remain unmet, limiting development. 
metric tons in 1985 (1),almost 40 percent below the esti- Recent studies, however, suggest that developing countries 
mates of many petroleum industry analysts only a few could achieve Western living standards with only a 20 
years before (2). percent per capita increase in energy use if they adopt 

The Organization of Petroleum Exporting Countries conservation measures as they switch to modern forms of 
(OPEC), oilce considered an invincible cartel, lost oil sales energy. 
for the seventh year in a row. OPEC's share of world oil The second major energy-related shock of 1986 
output dropped from 57 percent in 1975 to only 30 per- occurred on April 26 when one of the Soviet Union's 
cent in 1985 o) as non-OPEC countries expanded their nuclear reactors at Chernobyl exploded and caught fire, 
production. Many Third World nations, strapl-ed by heavy spewing radioactive debris more than 2,000 meters into 
energy debts, were relieved to see prices falling. But oil the air and over sizable portions of the Soviet Union and 
exporting developing nations, such as Mexico, Venezuela, Europe i4. After the accident, more than 100,0(10 people 
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had to be evacuated to avoid the substantial anmounts of
radioactive fallout. Several months late, Soviet scientists Figure 7.1 Ratio of Energy Consumption to
announced that 31 people died and 203 remained Gross Domestic Product, 1965-85
hospitalized with radiation illness (5). Th disaster's long- NU.n Mt u!'; of oJ EqJ,,tot

term effects on nuclear power development are not yet rer BIhon U S !985 Dollar.s
 
clear, but several countries have re-examined their 0 7

nuclear programs and many others have placed a new unie(I States
 
emphasis on nuclear safety. 06-


Another significant development over tile past few 05
 
years, one less reported bv tile international media, was
 
the increase in the Soviet Union's natural ga.; production 04
frilowing its discovery in the early 1980s of three 
 -___"___.______,_____....____ "mas-

0V3err, E uro e.sive gas reserves in western Sibei 'ia,above tile A rctic Cir-
cle, aiici near the Soviet border with Iran. Soviet gas pro- Iw,
duct ion ex )anded some .15 percent fr ,m 1980 to 1985 (6), 01
enabling the USSR to )ut more of its oil on the export

market. 
 0I
 

Overall, world energy markets have become increas- 96 5 1970 
 1 B0 1995 
ingly competitive in tile )ast few years. Once controlled L _1975_ _980_1985 
by multinational oil colpallies and then by OPEC, oil Source:'. ... '%,, 9'.l '., 

producti(on and prices are now shaped as Much Iib' mar
ket forces as 1) co rporate or government decisions. The
 
percentiage (Of oil traded in ternati ioal under long-term
lit)
contract dropped from 95 percent in tile 1970s to about a row, for instance, U.S. petroleum consumption would 
60 percent in tile 1980s (7). Electricity monopolies, partic- rise about I million barrels a day, or about one-fifth ofularly in tihe Uinited States, are starting to feel competi- U.S. oil imports in 1985. If lowei prices spur oil consumption from entrepreneurs employing small-scale generators. lion and also reduce efforts to explore for domestic
And supplier,' of all energy resources are forced to com- resources, OECD officials fear that industrialized nations 
pete for markets as oil prices drop, natural gas reserves will again face tight petroleum sup)lies, sharp priceexpand, and energy conservation slows the growth of swings, and increased reliance on the volatile Middle Eastdemand. (I1). At a 3 percent growth rate, that situation could occur
CONDITIONS AND TRENDS by tile early 1990s. 

As a group, industrialized nations reduced their oil use 
19 percent between 1979 and 1985, but oil stillENERGY PRODUCTION AND CONSUMPTION accounted for almost 43 percent of their primary energy

BY REGION consumption at the end of this period (12). (See Figure
Industrialized Countries 7.2.) Falling oil prices, therefore, promise major benefits 

for most of these nations. OECD calculates that a 30 perOECD nations, increasingly relying on efficient technolo- cent price decline would boost economic output by
gies, have weakened tile link between economic expau- almost 1 percent in the first year and by another 2 per
sion and( the growth of energy use. Fron 1945 to 1973. cent the following year (ri).

when real energy prices remained relatively constant, the 
 Oil price declines have varied among the industrialized
ratio of energy consumed per dollar of Gross Domestic nations. .apan and the United States have enjoyed gradu-
Product (GIDP) hardly changed. But the price hikes for oil ally falling prices since 1981 (see Figure 7.3), but
during the 1970s spurred investments in energy-efficient exchange rates in most OECD countries led to price
machines and processes aid encouraged a shift toward 
 increases through 1985 and contributed to Europe's ecoless energy-intensive industries and services. As energy nomic recession ii). Recently, the falling U.S. dollar has
efficiency has improved the ratio of energy consumption spread the benefits of lower oil prices to Western Europe,
to GDP has decreased in the United States, Japan, and Australia, and New Zealand.
Western Europc (8). (See Figure 7.1.) Production and consumption of nuclear energy

The question now is whether lower oil prices will once expanded rapidly over the past decade, but the growth
again cause rapid growth in energy consulnption. 
 Few rate has slowed recently France's accelerated atomic
analysts expect oil demand to rise as fast as the 6 per- power program increased its output about 250 percent
cent to 7 percent annual increases of the 1960s and early from 
 198(0 to 1985, and nuclear energy now accounts for1970s, particularly because of the efficiency improve- almost one-quarter of the country's primary energy. (See
ments built into industria, equipment, buildings, and mo- Figure 7.4.) Japan's nuclear consumption rose 67 percenttor vehicles during that period ( )). But U.S. petroleum during those five years (15). Although U.S. consumption
demand in the first eight months of 1986 did rise 2.1 per- rose 51 percent in the same period, U.S. utilities havecent from the same period a year earlier (10). Even such placed no new reactor orders in more than eight years.relatively small increases represent a flood of oil. If In fact, all but two of the 41 U.S. nuclear plants ordereddemand were to expand by only 3 percent two years in since 1974 have been subsequently canceled; no work 
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Figure 7.2 Regional Consumption Patterns of P2imary Energy, 1985 
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has been done On even these two plants, and neither will forms of power, except through international electrical 
probal)ly ever be conpleted I ;i. grids, and virtually no storage. 

In tile United States, overbiidget niclear plants and 
1978 legislation requiring utilities to buy electricity from 
independent power producers have made the electricity 
market increasingly competitive. Intreprenetirs have Figure 7.3 Average U.S. Price per Barrel of Oil, 
invested intechnologies that cogenerate stean andolec- 1971-86 
tricity, born wastes, harness the still,or wind, falling 
water, and geotlernal steam. According to the U.S. Fed
eral Energy Regulatory Commission, independent power 
l)roducers will soon snpply a (uarter or more of the 
capacity in several regions of the country o-7l.California 
utilities report that since 1982 these independents 
increased their capacity from 100 to about 3,000, 
megawatts, approximately the equivalent of three nuclear 
reactors. Contracts for another 12,553 mnegawatts have 20 
been signed [IS). 

'hible 7.1 shows changes in consuitiptio(n )atterns 15

atnong industria'ized nations during the first half of this 0 -I 
decade: oil consumnpt ion fell by 12 p~ercent, naltural gas 
was down by 4 percent, coal constimlption rose by 11 L5L-L L U I 
percent, hydropower jUlliped 16 percent, and niuclear rose
 
by 90 l)ercent. "lhble 7.2 shows prodtiction trends during (
 
tie sane period: oil Up by i3.2 percent iaturol gas ' ' .5 77 79 81 83 85 86,
 
down 9.8 percent, and coal Up by 5 percent. For nuclear
 
and hydropower, consumption and production are consid- Note: . :


Source: ;1 7,:," , ','; 

ered almost identical since there is little export of these 
W , o Rc* . 1987 
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Similar-sized fields exist at Yamburg, above the ArcticFigure 7.4 Nuclear Energy's Share of Total Circle, and at Sovetabad, near the Iranian border (22). By
Energy Consumed, 1980-85 1985, tile USSR produced 37.7 percent of tile world's gas 

at a rate more than 50 percent greater than its 1980 out',I, put. (See 'lable 7.3.) According to available evidence, the 
- rate of increase of Soviet pipeline construction, field 

development, and gas reserves may moderate, but con
tinued increases in production capability are likely (2:). 

Fr, , ice 'ltal energy consumption in t.e USSR and Eastern 
1 	 LEurope increasedl 1:3 percent from 1980) to 1985, conm-

Pared to a decrease of almost 1 percent in OEC[) coun
tries. (See "lible 7.1.) Coal consumption rose only 4 per
cent, while, coal plroduction rose 8.8 percent. Hydro
electricity use expanded 10.8 percent. 

__.___,_____ ,_ ,t,, :,..Developing Countries 

IIPetroleul-even less-expensive petroleum-remains an 
unaffordable luxury for more than half the world's people 

Source:___....... .....	 
who cook aind heat with fuelwod, charcoal, aniimal
___'___,_......__.____"_"___"_ wastes, and crop residues. Even in an era of falling 
Ipetroleun p~rices, develo ping nations continue to obtain 
more than 1t [)ercelIll of their energy from non-

Soviet Un!ion acd Eastern Europe c imrercialsources such as()o av-rao a p',r,: from
fuelwo(d and 1olher bioImass.

-1(de"V Dilig coultry con-The Soviet Union, which earns more than half its foreign sumes less than one-sixth the commercial energy used byearnings from oil, could lbe a major loser in an era of a resident of an industrialized nation, and less than onedeclining oil prices. Although i it sstill the world's largest twelfth i as muchi as the average U.S. citizen (2.1). Thirdoil producer-its 1985 oiltput was more than triple that of World consumlptioll, however, is rising. According to theSaudi Arabia (19)-the Soviet thnion's production has bCe International Monetary Fund, net oil-importing developingstagnating, and the cost of extracting new oil is rising as countries increased their oil use from 5.6 million barrels 
production moves to even less accessible parts of Siberia. a day to 7.3 million barrels a day between 1973 andSoviet leaders have been trying to shift domestic 1985 (25). The World Bank estimates that the Third energy consumptin( from oil to nuclear power and iiatu- World's share of global commercial energy consumptionral gas in order to free liquid petroleum for 	the export will increase from 20 percent in 1980 to slightly overmarket. Between 1980 and 1985 nuclear production/con- percent by 	

25 
1995 (2fi). (See Figure 7.5.) The major commersumption increased by 121 percent and the 	Soviets had cial fuel in the Third World is oil, which accounts for
 

planned to add 10,00) megawatts of nuclear capacity hy 
 '16.4 percent of consumption. (See Figure 7.2.)1990, more than doubling nuclear's share of total electri- ''he Bank also projects that Third World energy
cal output to 20 percent (20). But the effects of the Cher- production, excluding the output from high-income oil
nobyl accideit may slow that rate. 	 exporters, will rise from 25 percent of the world's com-In 1985, for the first time, the Soviet Union 	consumed mercial energy in the 1970s to about 33 percent by 1995more natural gas than oil. 'he Soviets have 	been (27). Several developing countries-including Brazil, Colomext.emely successful in expanding natural gas production: bia, Egypt, Malaysia, and Pakistan-have significantlyofficials claim tie Soviet Union has recently found boosted their oil production in recent years, most of the
enough gas "to last us through the 21st Century" (21). 
 fuel being burned for domestic consumption (28). China,Russian geologists have determined that tle huge Uren- for instance, increased its output 8.9 percent from 1984goi field in Western Siberia has reserves equaling almost to 1985, adding slightly more than 10 million metric tons
11 l)ercent of the world's total known reserves in 1985. (29). 

Table 7.1 Commercial Energya Consumption by Region and Fuels, 1985 
(mihon Itonc tons of oil equnalent)
 
(numbers in petlhef 
 es tot!cot peicvnt chainge ffrom 1980 to 1985) 

Oil Natural Gas Coal Hydrob Nuclearb Total 
OECD Industialimzei Countpes 1591 (-! 2%)
USSR and Eastern Europe 	

739 (--,%) 837 (+110/o) 276 ( -46q/o) 275 (s-900/o) 3,718 (- 1/o)551 (+050"o) 570 (+40%) 658 (+4%)Developing Coun1tles 	 67 (+95%) 47 (+121%) 1,896 (+13/o)664 (+6(1o) 183 (.,39%) 783 (+27%) 155 (+3750 
/o) 15 (+348/o) 1,800 (+22o)


World Total 2,809 (-6%) 
 1,492 (+14%) 2,278 (+14%) 498 (+16%) 337 (+99%) 7,414 (+7%) 
Notes: 
d CoL'Turyefol Einoqy xc,.o,,,p,..woI: ixo vcl .!;. 
b COR'.i linIPl arld pfodt1(11,orllIreifI l 11110Iy ' "'Iu
Source: PerlePtrne un (BP') [3P Su ,.I 1 l' Ofnit,(i Ftlvlq, 	 7986 (BP L[odu 1986) 
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Tal 7. y MomrilEeg"Pouto K3NAJOR ENERGY SOURCES' ,T'~~~ 

_nm~r.norniee~eficDrcent p_- chance-fJm4S0Qa95 ~' ______ 

oil, NtmG ~ Ci Petrleumiii is on f tileworls mos unvny isrbtd
 

OECD Indstiaized h wsources. Ninety-five percent 'of prove.n ,ieserves are in
 
Countrles - 800J 13.2%) 663.0 (-9,8%) 820.1 (+.0 2countriesralArab natlons'a5totalnly

h1 USSR and Eastern, ~ ) ol 0cuire n rbntosadl~~ ontEurope, 2330 (+2.%) 669, (+8.8%i percent of the world's total 31).- (See Table.7,4) Mo
 
Developi etroleumexperts beleve remaining petroleum reserves
 

.e 1,372,4 -. 6 20( % 7811 will become increasingly concentrated in the Middle Est
 
.World Total 2,79,5 (-9.5%) 1,535.3 (+14.0%) 2,270.9 (+12.3%) >1 Vi. 
 dI' 

Note; a,Commnercial Energy excludes wood, peat, and animal waste.,
Source: Adapted trom British Petroleumn lOt BP Statistical R~eview of Wqrid Energy, 1986,

(BP, London, 1986), 4Table 7,3 Production of Natural Gas, H~85 ' 
Il - ;; ' ?! (million metric ns) Perce. 

Pe>rcenty; >v1985 ShareChange 198SMany middle-income developing countries have rapidly 
increased their electrical capacity with domestic coal : S , i 98S. OfTota. i!
burning, hydroelectricdars, and nuclear reactors, South North America 489.2 - ,-13.3% i 31.9% 2 

Western Europea 1564 -0.8% ,, 103%
Korea and Taiwan, for instance leapt to electrification Oceaniab 115.4 +41.305801%2.0 
ove'r the past 30 years,~ China, India, and Indonesia are UUSR - -. 578.6 -+52.2%- 37,7%',' k 
following their lead (30), Eastern Europec 60 +18.6% 3.0% 

Beas fctak ainolpouto Middle EaStd -45.7 +8.8% 3.0%yOE n
Bi o tb sb C a olruOther Developing Countries" . 175, 8. +39,1% 11.4%
 

developing countries fell almost 22 percent over the past China - .* 11,5 -5.7% 0.7%
 

five years, while natural gas production'rose 29 percen World Total 1,535.3 + 14.0% 100.0%
 

and coal production increased almost 25 percent. (See 
 i 0- ero or lessthan OO 

-,a4~Table 7.2.) Western Europe includes Austria, Belgium. Denmark, Federal Republic ofGermany, Fin 
on nland, of Ireland, Italy, Luxembourg, the Nethertands France, Greece, Iceland, RepuConsuall nofcommercial fuels by developing Norway. Portugal. Spain, Sweden, Swtzerard, Turkey, and United KingdomcungbOceania ICtues Australia. New Zealand, PapuaNew Guinea, Southwest Pacific Islandscounties loeonoicpeeltfomen98to'ucea p rsetg r, E n ErCzecholovkia German Democratic Repubic, Hungary, 

continued ecnoir dvomn tNcerpwrue de Eaoig AbuDhai ua rnrq Kuwait Neutral Zone, Oman, Oatar.
 
inro ase d , 348 pe q frorn~a sm all'base, hydroelectricity aSaudiArbiat and 'yfia, l ai naArcn ot a n otes a
 
rose 37.5 perce atural gas 39 percent, coal 27 per- countries. rot. b orld .
cnadoil 6 percent. (See Table 7.1.) (BP. L4ondne16). 

Figure,7.5 Shares of Country Groups in World Conmmercial Energy Consumption, 1970-95 
(Ton ofoileq5'yaent 16e) 

1970 1980 . 19951 
5,003 Million TOE 6,744 MIllion TOE . 9,529 Million TOE 1: 1 
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.~Tal .4.. Gas Oil an. Reseves.. ........ 1985. 
 .... . 

illoe Cubic 1 Total rShare ofo t ui o s Tontal Metei of Nature Mtr ctona h7-77'9-,iTial,ofbO~enilNaturas as of Coal tCoalNrth America566%84 S 8%629~ ' '7%rcnpa3 es7 -,rllo Share of 7:;, 7 77 76>7 61 650, 993,ti 1.10% .Ho~ uc f s02~ 02% 07 7;b i' S 4~,apan0 0 0 07%0 5 710r~~01b~ SR83 86%b 42.5 43 2Qb 241.0 , i''25.2%b 
g er~A'' t Mdt 0,3 56,3% 0.5 ayEatd540Cenayo 0.3" 0,5%0/b i10c70/b24.2 24.6% 0' , 'K0Other Developing Countriese 21.6 22.3% 148 5%8.L China 2.4 2,6% 0.8 82.%998.6~,%

/ YWorld Total 99100.0% 98.0 100.0% 954.5 ~) ,100,o%~ 

a.Western Europe inyudes Ajstria, Belgium, Denrark, F'ederal Republic of Germany, Finland, FranmeGreeo, rceland, Republiof Ireland. ltaly,Lurrembourg, the Nethertenais, Norway Portuqa,~.Sr Switzerland, Turkey,• oSpain, ssden,and United Kingdom.11Oceania includes Australia and New Zeatand,'I
J1I1 Other Centrally Planned Economies includes Albania, Bulgaria, Czecthoslovakia. Cuba 041)o n re st 2629'iWs trnanEurope,' German6uopDemocratic Republic8 ,1 Hungary,. Karmpuchea, North Korea,i i' 'v Laos.;~Mongolia, Poland,. .. Rumania,.......2760.....VieI*t
~nani 'and Yugostavia. .

J. Middle Eastincludes Abu Oha!b,Dubai. tran.' Iraq, Kuwait, Neutral Zone, Oman, Qatar, Saudi Araba. Syria.a Developng Countries includes non centrally planned countries inLatin America, Africa, South Asia, ano Southeast Asaa~"Source: Adapted from BritishPetrolaum (BP), BP Stal'ytica) ReviewvJt ltrtd Evergj 1986(BP L~ondon,1986). 

sA.states ran'cuttheirproductionand and non- World consumption of natural gasOPEC couintries rapidly pump out their Oil (32). Since rose from 1,084 mullion metric tons of oil equivalent in 1975 to 1,492 million1980, tile Middle East's output has declined 42,6 percent," metric0zerleesortsletwen: peroeu tons in 1985. Increases, however, were not evenlyoo5lrepa
.. ,while:,prodtiction' in the. North Sea ' Australia, and China :ie osifbfYshared among nations.' Consumption in thle United States,,,.has continued to grow, In the same period, there has,: for instance, fell ,during thle early 1980s because of rising

be'little "change inoil output in tile. United States, the 7 prices and temporary shortages caused by governmentsUSRad atenEurope. (See Table 7.5.)~ actions. In the rest. of the world, average gas use jumped 
"s How much oil is.left to be found and econormially,, 79,percent betw'een 1975 ad18;i heSve nopumpedemains' controversial among geologists and it soared 107' percent (m)~ governiment officials. Optimists point to fields in Mexico Thle Soviet Union has dramatically increased its,iiatural .Sthat ha~ve delivered substantially more than, expected; g,-s output, becoming the world's leading, producer- See~%~pessimists focus oi the multi-million dollar exploration ~ Tble ?.3,) About 50 developing countries, iri 

projects o.ffthe Atlantic coast of the United States that that import oil, have natural gas reserves, but they havehave turied up virtually nothing. The United States spent not organized systematic exploration or development i$250 billion ndomestic'troleum exploration between large part, because of the high cost '6f building a'gas dis 1980 and 1984 (33), but proven reserves of crude oil i sed 15 Thirddropped almost, 5 percent 'during that period, and a total World 'nations with sizable gaslreserves and found that 
S"of .27tpercent'since 1970(34). the average current production sonly 16'percentof, theExxon Corpor-ation, armajor' petroleum"'company, level 'that proven reserves could support. Nonetheless, the"be~lieves declining reserves will soon be a worldwide 
:~2 

Bank 'projects a fourfold increase in natural gas,'produc- 'phenomenon. Oil production, the company calc'ulates, tion in developing countries by 1995 (39). 
"' 

.eventually will .reach a plateau-probably sometime 'Utility planners have tended to avoid burning 'relatively
early, in the next century-and then begin'to drop" (35). high-priced natural gas in ineffici,entfelectricity generatingAs no ted, lower oil p~rices 'result i' lessa turbines.~But renewed interest in cogeneration. theodi surveySugests that if the dltion ina common facility of bothlelectricityandheat,'price of oil settles 'at' $15 1a barrel U.S. outlays for explora- for industrial process anidther apli~cions-has sparked, ;tion will drop fromiabout $70 billion in1985, to $38 bil-

' 

"dram~atic' improvements in the efficincyf:suri Y"'lion "in,1987,.'and'to $32 'billion in>1991 (36). Some North and mnay e~xpand gas markets. Usn ehoois ee 
' 

~ Sea 'fields already cost more, than. '$20 per barrel to roped for airc'raft engines, engineers Iav increas th~ exploit. and re, une~con'omnical6t oprate at, 19896 prices, efficiency'by, 50. percent. Uiities 'nd>'turbine's ~'~ 
'~$~" 37lf~il market sighialsare~ accrate,-f course,. reduced 4entrepreneurs, as a result, may'be able'to. build lo-co6st,~1.>pLo~ylopmlenit will -cete cdriciieswhiich 'will lead in shor-lead-time facilities, that poiegsowred' electric-''"" 


' 

'ity 

+lttrn to' higher oil pric'e'and subseque&nty sti'mulate '7 pricedcom~petitively 'With ca n~ula-eea'd.~ 

~' A few scientists, notably Thomas4Gold of 'Cornell","' 

NtrlGs'University, believe massive'quantitites ofnatural g
p"'ossibly oil are contained in deep r'~o~s thoghu 

4 

~iNttur1al gas, long a neglected resou-rce that was com- ' §'the world. They. argue thfat. gas is not a fossil'fu~l'-'the'"1'monly' flared or buirned off at, oil. wells 'is now!'coveted "'product..of 

1 
decye organic"as'a clean-burning,'efien fs " "' '' bl-t i'~derived'frii' """ no''"e 4ffictrie'n ~'fuel, Geologists no simate4 ' maeilthtfretihe'coucd of. aera hfor ~ ~ ar ~alot slagt.* ~ resrvea ~ ~ ~ ~ 'u"'~Much~ofocovrablL thil recovrabl ga'eevsIr lotislaea hs hsfe a trapped in teear .this molten'come!,theyfo oil, 1y~~ '~''i' frclaim, and has since peclae upwar, >only rtobe 7 
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~Table 7.5 Production of Oili, I985~~A 'U of th 1< Infitece.(ado tn~n tons), . mrent 7the inconvenience of strn 0 h n s ping'.he f~ieI', 

NoPercernat98 nd tile, environmental consequences ofjaiz-sale'coal 
195 to, 1985, ofota In'g. ScFa F~ l mf ospere'and im-ate",')

574 "V~Torid co nrsuimption rose '14' percent over2 the past.
,'WestelnEropaa9.2 +575 68% five years. (See Table 7.1') China logged the largest ;f>',Oceanoab30 +57.30/o ' 1.1%" es '"ehewhn i' rmeJ ri0.5 A+25.0% 01 nras,2 percent-to becoin thwrdspeme

I ,594,5 -1,41% 21.3% user. World coal 'production. rose 12. 3percent from 1981 ~~ Eatr Etkropec 22.3 -3.30/ 0.8% to'95(eTal . whin inarua,,Middle Eastd ' 532.5 -42.6% 19,% to18 SeTbe .:wihbig advances inChina;,IdaOther Developing Countries0) 715.2 -0.1% 25.6% and Australia,,. The' largest coal ,reserves are in the~United 
Worlioal 2719% 100.% States and the, USSR (43). (See'Table. 74.)Wol Ttl2,8. -. %70. ',About 35 developinig countries produce. coal fordomes:. ,,0 - zero orlassthan 005. tic use, The World Bank maintains that "coal will only beNotes:
 
a western Euirope includes Austria, Belgium, Denmark, Federal Repubklc ofGermany. Finland, a viable alternative 'to oil if the governments improve the
France, Greece. Icetand, Republic of Ireland, Italy. Luxembourg theNetherlands, Norway,. aaeeto l se~ o h olcanicutg
b. Ocainia includemAustralia and NeN Zealand. 
o Eastern Europa includes Bulgaria, Czechoslovakia, German Democratic RePu~blic, , transport, 'andHungary, exploration, productioni, use." Thle Bank ',

indlascludes Abu Dhabi, Dubwi,Iran. Iraq, Kuiwait,Neutral Zone, Omn aa, prjcsta Ch'ina" and' Ini'il
 
Saudi Araba, and Syria 
 Southtio and Sothas Anian incraan dead ,14

eDeveloping Counlrde includes allLatin American, Afican, and Aesa4n- prodctio inciase thehas dcde &
Source: Adapted frmBritish PetroleumnfEP). 5P Statistical Review of World Energy, 1986 

(BP, London. 1986), Nuclear Powver , 

Worldwide nucleair electricity consumption rose 99 per-

Strapped by 'an impermneable' layer2 of cap rock Most geol- cent betweeii'1980 and 1985, with the largest increases
 

ogists reject thle claim, but the theory isbeing tetdil in FrneadteSoviet Union. (See Table 7.1 and Fig
Sd's Silja' Ring wher drilling of a 5,000-meter-dee ue 7.4,) But much of this increase is because plants '' ween in Julg186er e sut xece eply refnll illneg , begun svrlyears ag omn hw1987 ( gai n uy 1 86 wt euls e p cedb.al number of new plants being constucte 'dhas declined over 

~', 187 41): past few years because of constril 5tion cost overruns, -the 

Coa and* safety concerns, and this trend 'seems likely' to con
- tinue. (See Figure 7.6.)

The, world's -coal 'resources are enormous, and* at current West, Gernmany obtains about 10 percent' of its total en-,'
~production levels reserves will last about 500 years (42). ergy, from 'nuclear power, but has'ordered only one nu--

Use of the resource, 'however, has been limited by the clear plant since 1975, and construction has not begun " 

Box 7.1 CoeeainCatches On . ' 2' , iA 

' W'~ith e'lectricty' r.ates rising, one ene'rgy.>" $500 and'$1,000 per kilowatt'of eIec -' scale. cogenerationf applicatin' (6)'"between,>efficient teehnology-cognet on-As enoy trca cA.ct-ls than haf n 2,,ie 

ing a drariatic renaissance among eno-"' tcariu arpant m~( scogeth'rk"6 ia olcticne&olrainew:s'trlltleimr,
the' Umlted States, serious interest',', Fall

steel producers, cemen ' 

lernrfline od and food processors,' A~"'n in atessh6d no'elnelsgiiat 
cog nerationwas sp'ur-ed"wheni Congrss ap-. Igntrl.a'rcs in will lie'hefltn

nnmnufiait ind'other companles that i, proved the Public. Utillties' Regulatory, Policies ': many cog ierators. 'Afnd 'some bisupfliei-~, 
nee boh Act(PUPA)bf,978- PRPJorces a utility>' itryinig o.developiniew markets for the. cur-'lecrichat ndpoer I).III(a

typical' cogeneration system, fuel (usually'~ .to buy~electrical power, from cogenerators and,~ mtyaAn ' oil have begun'to'prmmote
nairlgas, 'although wood, plant~wastes?'_ small-power poduc'ers at the utility,'s "avoidedAA. oil-fited cogeneratoAiA,, ' >A"' 

4coal,"and rsdua~lbtare usied),'is urned ia~~ 'Cost, tr'hei th hav spen to~' ~ '..ltywol 1<V,., AAbohnie--pronduce' steam, TOW'tearn spin~~~~~~~ Refeence and' Notes ~ A.. 2produce he amount'ofpower..Byrix oeocsadNts' * 
or,~c'~~~'~c an ;then."' 1986, US A" rdMifinscin The Power Maker,'" r'an eerl 'd''**' mi 's had'installed or wire Rich 

AA7A"' being. os as is ntpapwe At 'ts'ibuIldIng 
U.. 

50 fQ Emmi.s P'AVA'A'nia,"
firmA' 

ma, 
cahfrdfrhaig or. fa'cllItes'i4)'TheIcu~iveIi'ti'' A . AA 

,.trigpoeseTehb ""apcy'"oale about 2, MarcRoss" Energy: Consumption byi''"~"' 
ergrtn .~"~ varie inohr1985).'p' Aah'i- -8,' R -1'4-50.-'J' 

coiuntries.-crdal 

"'' machiinesca miore th '
 dcisle'<i'li useful 11200'megawatts In1985 and Is 6pexct&iito "ndusiry: Anzuiez Review of Energy, Vol',. -'A''14 

en obi,' nv t fin rise to' 3,500 r 
1 

#..t6witV,'l- a rs (5A' 6(8) 79i1ding~onl - 6lectric- Alh.plnt o'dI'pwrc h1urpa6s1 dfuel Atpos e pln an' ' :Rssan,,,68n ' GnI' E >!LnvinInternatlonal CogeneratinsaprxmtI,..2,-Jcen effiien;an ue ada>12"dsti~ hatfg'sitea't Socity~ahlngtofi D.C: 1i936(personal 
' 

"A"h"industrial"'cerito 'using'the same' hea bulins wihAte'vit 6hafo'o
 
"'', amount of fue~l can, be 80 percent efficienti (2) an I~~.?eiLiinjientoa 
 oeea~ 

Lare industrial businesse thatrneed both Acogen eration has not'ben xtnive.ih ~'T JYod~C r'tnIstlaonb 
,. heat and clectric'ty.1uSually purchase cus5toml-' Uie igo t~ et e~uiiy hoee ,Stal[6' lul'17, 1086. 

designed cogeneratori usin~g the sam lfoir' recently approved PURPA1\-ype egiIIation to 1. ' 5.Laurence F.Mo~ireandi Anth~ony P.Rock
'i their own operat~n 'ad'elIngxcs ein pWIustiIl deveopmnt ReliableA'statliss0 lentvtric )ower to' the local ICeril no, ae evelopmentin A "'ughada:n evewo"I Alterna 

are not ayallable on act~il'ndvlpn:' Eii gy Development: InCand
eabddisyfimct-den'ia hospitals, restaurants coluntries,bt te'lnteriatiomial Cogeneraion lrceSourccAs of Ene Vol. 84 (October

ziry -leI- ad , 'm11s and smaller, package rd Society repori1sthtT idW r n ios av196 [15unit cogeneratlon WAeMsisua1llycost-' begunl toexp ressubstntial interest-'in sm'~il- -6.Opcut. 3; 
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"TableA7 . 6 Producti'nof Coal, 1985 V 
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a, Western Europe includes Autria, belium, Denmark, Federal Republic of Germany, Fin


land,'Fance, Greece, Iceland, Repbi o!,lreland, Italy, Luxembourg, VheNetherlandls,

inludalNoceaya anwedew ZelandTu n Kngd,

O S and Nenb reayb ta iedt,Zeland. Tuky a iled in dem cs em Europe icludes Bulgaria, Crechociovakia, German Democratic Repi Huriga'y,
1P @oRumania,and Yugoslavia


cl-Middle Eastiniclude Abu Dhab, Dubai, Iran, Iraq, Kuwait, Neutral Zone, Oman, Oalar,
Saudi Arabia, and Syria. ',, 

e Developing Countries includtes allLatin American, African. South Asian and Southeast 

Source: Adapted tramnBritish Petrleum' (BP),BP Stalistical Review of World Energy. 1986rnnsantial (BR L~ n. 298~. ~'' 

on eight uits ordered before then, largely because of 
'political opposition, In the United States, utilities aban-
dloned more than $18 billion of invesdtmrent. in 113 pro-
posed nruclear'reaictors, largely bec'hi~e' of cost overruns 

adlwr-than-expected 'demand for electricity '(415). Direct 
construction costs per kilowatt' of installed capacity.. in 
cr~eased fourfold (in'constant 'dollars) in the United States 

- Dp,36.5 NA%13.5%06 +2O,0% "" 0~ K Brazil, China,, India, the lPhilippns Seen, andh 
267.6 18,2% 118/ UnitedStates achieved some impressive results,: but'efforts 

Kpe2ilw27ttf lstallein other nations stalled because. institutions ailed to, pro 
512.9 +283% i 22.6% 

'4l12e3UO 

-

AYI1;tahnt roe of 'oodfiiels, bio nass, and othcr tr aditionalrneWablemne nPfuel sources supply.the euiyalent ofl;400million metrictons of 01 per year -a 
1985 Share ... if Totpli ea 

Shar es the nuclearcontri
2 % b32~'utioni (52).U % 
98.5%> p rLyargely inesponse to the shock Of oil.6%a rid .97 ,,may u n r egan aggressive pro 160%AK 'rm to hrness rewbenrg for:commercial utses. 

vt'sidt o n g manag emen t or the p a d beine197 ' 199. : < bi!some technogies pee too' expensive (53grams-hatena eists gyforms of renewable energy-hydropower, w'~ind 'power, ;
 

solar power, biomass and geothermalare discussed
 
below,
 

,
Hydropower 

potentia exists to convert falling water intoelectriil1ty and motor power. World'wide hydroelectric, con-.~ 
surrmption rose 16 percent from 1980 to 19?5 (see Table 
7.1), with the larest gains inChina," the USSR, and South 

< 

Asia. In 1985, dams accounted for 498.2 'million m~etric 
tons of oil equivalent, about 6V percent of the world's,
primary energy (54). The World EegCofrnehas 

,,projected that hydropower will suipply almiost '8 trillion " 

)kilowatt-hours of electricity by 2020, about'six times the ,, 
';'current O'utput (55). '~~"' 

'from the early 1970s to the early-1980s; expenses for some:~ Two 'thirds of the unexploited hy,~opower potential, lies1 
reactors soared above $5,000 per kilowa~tt (4) Moreover, con'- in developing countries. OECD n'iationis have exploitied

'' struction times doubled, and plant reliability 'remained" percent of theiri usable opiportunities, and the:''''about,,50 

mediocre at best (47).By '1986,injor contractors suich' I4-as USSR'_and Eastern Europe' ha.ve tapped about '20' eieA-
' 

Asiacountres "fb j pan~hts fonraEetrih e re no~onger evenWest~ingue
dsgignulaplnsfrteU.S. ma rket '(48). ' 

throughout the Eastern blocsupplying o~'gai~sel p~yirg 3 perentof ~l~graseectricity, 12percento[ East Gerihany's, and 8 
'ecn of' the'Soviet Union's'ir.' 1984 (49). 'But the USSR 

tricity from nuclear; power. as was, projected a 'decade' ago
(50),. Economic' setbacks and the Chernobyl accident may,
further~ curtail Soviet plans to"'sup'ply 20 percent of'tli e' 
reg4io ILn's uc~U~~ 19O'-~theyletriit'ih
iSix nely-indstrialized coutries-Argeti'na, B3razil,

Indi PakstanSouh[enewab5AL 
I

Koea ad~aian-China 
trca 'f6 '18 reactors in 1986,andsupidaot6e ploecen 0
Uofthe world's niuclear. capact Ai ~ttre6h I~TdNucleruaro 

~~ World nations are b'idh plants bu ihcst ,k
reduced plais-"for'expansive nudarr'a's in 'e op 
Ing countries strapped for foreig'cha'ngie (51): 

")fi~ChernobylTh disaster. (see Box 7.2) 'and"he risk' of I' 

similari accidents elsewhere caused"several governm~ients
toj. ehn hi o'111iin'' to nu~clea'r power and other 

Sgovernments to'put increased emphasis on saey includ-
in ee ,lopnient of, safer reaictor designs. 

-' 

Renewable Energy ~'~ ~ ~ ~ I,
Moreeren ,7C,58A*.thaniit 

< 


C', 

"1 'iihdo(esta 0mgwts ad. h 

~ 


but Thir~dJWorld nations have utililized only: 7,per,ent~~' <" f) of A
their availablei resources. 'ing them, Brazil, China,,~
Colombia India, Peru, and"Zaire have theI largest' 

ws hydrop runtpp' p6tential Tby .77eiohu 56eptniLn s yrgo. 

Most'lhy~dropower. projections. include o1nly. large dams', "-' 

sml-cl. 

"'lkofmnyad 

of possible site fdr prjects. 'Co'nstriuctioni costs 'for dams
 
hhr -bt h!WrdBn 'oetta 1
eainreaos 


bllo 1' 1W i"t.
stadi 'L.tit 
billio willbe needed'fordam constriictifoii leleen 1982 

iaj fT~~~l 95(8 
.~ 

'"' 

mirJ~r"sain ls hn' eaat &s~ '' 

these units ,use-local energy sources to satisfy local .nds', 
can contribute to rua de eloi~nf oiutof propor

tion 'to th 'munt of energy thydeieray92
had built 'sone.80,O00small dams, averagg aboutr' 

70 kilowatts. Smallclehydro.Stationis'in ithe Uni'ted"2
States, many of whichi,liv coe'n lie'1'e178 
numbered, 1,40,wt o ndcpct f709 
megawatts in 1983K In 18,100mc6hdr sain 
provided I percent '6 f'Frances'eiectriCity'(57). h< 

Further. yrceeomn ilb"rsrce!mrb 
irkt 

productio in 1995 )..~.iMr hlalf the world's Ipeople relyon reneablpErnofi an'scl'po i lolmt rg-ae 
,,sure 'feeryfor 6t~ ed''i"'d construction, oje6jts ' Reservoirs often flood valua ble,:,cooking, V~~tngan 

-
'4

though most1 official energy statistic ignore the iniipr' fairmland, displace pep,'iontheir hre'adsprea( 
VdRosercesl937 ' q 

10,0 



Figure 7Nuiclear Reactor Constructioni Starts and Grid Connections,' 1971-86 
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Box 7.2 	Chernobyl:,An International Accident 2. kS' 

p~m of .1.lalilu4le 
ta 	 jij :d~ 'eS~~~~- eth' nuclear......' 

: ', 
Figure1,Spread
"' 

of the Radioactive Cloud from the Chernobyl Nuclear Accident . "...ziifi~ i'l, 

7ecah the ~i~de'Wordforpotiiai

lsasf Ien amactor nearChenhbyl,'a, exlode cagtfre4eo in4ula 

fieaed 	 . .radiatio 	 l.drsby the April 26 accident' . . ... .. 
spread' quickly, to, many European countries,
 
governtmenit eaders' and protesting citize'ns
 
began, to national borders atp Too aloss 

assumption thatieach cou.try, had onBle odo
 
meet 'its ow'aey crteia
 

'derintanya unprecedented step: allowingta t
 
safety inspections of their nuclear power

plants by. the United, Nations International
 
Atomic EnseergyAgency (IAEA) addition, April 27aIn .-April 29 May 1
IARA' members-had adopted an agreement

pledgingsignatories to provide, timely informa
tion toother countries during a transbun-..
 
dary nuclear accident. Anote agreement
 

r pledging- ignatories to provide assistan~ce to 

gainingIysupport.,yIAA4ate an esterma werehsum nie con-e 	 New opay ernedwt emssol;,
 

seemed les likel be'ratified.ine calls for :'o
the dev'elopment of a revised-andf perhaps 
binding-tst"of reactor safety standards, and 

4

4,-

the second would establish a case foivcom' 

for International damagedone' by

Swedeni, ithich claims to have suffered. May 2 May 4 


,-pensati a 

May 6damage 'of '"hundreds of millions of Swedish
 
crowns"~ because of, nuclear contamination of" .


4 	 . . agricultural products, ispushing for a compen- Note: a. The mraps give a good qualitative picture of the clouds dispersion but arerestricted tohigh aititudes and contain nio 
4 

countes taefeed suchs cdn as batris an bck the'o ajO ht~lai s~,hg4On 	 4'rest
Source: a.Based on us Air Force weather data and computer simulation byLawrence Livermore National Laboratory inNorway, 'Austria, and WestrGermiwi, The Calfornia. Copyright '986 by the New YorkTimes Company. Reprinted with permisson 
ii ovit Union' insists it hha'ho responsibility to, 	 ~ iio',~~~~tY

cmpe'nsat'e 	 anyrone' beyond its borders' and is, programs-although it 'did ntsgicaly pofthat their position w~as correct. The,counrie that sufere such;an 'accden was:eetmy::rcsi 	 hiary90 rntsupi2) 	 l,. pmdtosc anagree- change the c~re9 h~itrs nn.cuty r-ula accident also gave impetus to research pro(2.,,Mpp1t .1 . . nations remained. pr ucleiiperhaps 'w'ithi~a igrams aimed ati developing ,safer. nuclear reac:,The accideinalso shocked many countries heightened sentse of caution, while anti- tois. "inoreaiigtheir' own nuclear 	 4 
'ula contie sa h&cidenit as further4 Another result was the'immediate 	 increase 

percent of the time compared to about 60 percent for energy source, but they hold promise of providing elec-'
conventional power plants. Moreover. if not connected to tricity under a decentralized system and could have'' 
an electrical grid, wind systems require expensive and broad applications in the future. 
cumbersome storage systems such as batteries, and back- One of the mao arest photoltaUic us- hg~up 'systems such as diesel, engines. Simple mechanical price-has been steadily crumbling. The original solar or,
'wind machines can, also be used for irrigating semi-arid' photovoltaic cells, first 'devised ini 1954, cost almost $600,
regions 'where wind speeds average only eight, miles per 

44~ 

a peak 'watt, several hundred times more than conven-hour. Wind pumps provide particular opportunities for , tional sources. Successors of these early designs p~roved to~ 
4 

'astF~j Africa, northern Argentina, northeastern ,Brazil,' Mex ' be the most efficient means of powering 'satellites. Ri'sing
ico, and Peru. 7. , ' 	 electricity prices in the early 1970s brought interest ini 

solar, cells down to earth, where- scientific 'advances 
quickly lowered costs to approximately ;$50 'a 'peak' watt.' 

'' "' Solar Power , ~' ' '4 "By iiid-1986," the biulk price for terrestrial modules with a 4 

44 "''' 4ten-year warranity had fallen to $5, much closer to the i 
"'"" This section concentrates ,on one type of solar power: '; '$1.50 now considerd necessary to comnpete with conven

'4 Njhotovioltaics, palm-sized wafers' that convert 'sunlight into tion'allygenerated: electricity (63).
 
~ 
 electricity and that require~ little maintenanice, have'no ' 	 ''The I west4Sostsystem installed to date-a 300 kiloiwatt,. 

'41moving' parts, and produce no pollution fi' use. Future '" grid-connected uniiit,"'compilete4 with pow'er-coniditio Ining

editions of -World Resources will 'examine solar, thermal equipment-7was purchased by the City'of Austin (Texas)
 

444" technologies. Photi~voltaics are n~ot yet 'a significanmt 'Power &,Light Compariy'in 1985 fqr'l$9.80 per 'watt. ' ,. 4J 4 

;. o, srlnsiices 1987 44'44 4 4 ~ 4,'i.'' 
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that by the year 2000, unless immediate corrective actionsFigure 7.7 World Photovoltaic Shipments, 1980-85 	 are taken, almost 3 billion people either will be forc.d to 
consume wood faster than it is grown or will simply be 
unable to meet their minimum energy needs (73). 

30 - Unlike fossil fuels, biomass is a widely available 
resource that (an be produced renewably with good 

25 	 managenent practi(es. Biomiass can be converted to alco
ho:, an efficient, clean-burning fuel for cooking or trans
portation, or can be burned to generate electricity. Its low
sulfur, low-ash content makes biomass a cleaner feed
stock than coal. Moreover, its production and conversion 

15 - are inherently labor-intensive, an attractive feature for 
developing countries facing severe unemployment prob
lems. But the low efficiency of photosynthesis requires

10- huge land areas for energy crops if significant quantities 
of Iiomass fuels are to be produced (7-1).

5-r Several countries have t x)anded their use of biomass 
for electricity generation since the 1973 oil embargo. U.S. 
industries, for instance, have added more than 2,000 

1980 ,,, ., ,. : 1 large w (od-fired boilers and m any thousands m ore small 

facilities since 1973, accounting for 10 percent of all U.S. 
Source: 1, sales {75).~boiler 

The lhilippine government wants to help build a 
3-megawatt, base-load, wood-fired power plant for each of 
the country's 100 rural electric cooperatives. Beginning inScientists also have high hopes for cells employing iul- 1977, it identified parcels of marginal and unused federal

tiple layers of semiconductors that respond to different land for 100-hectare wood plantations that are rented to 
segments of the solar spectrum. Multi-layer photovoltaics 10 to 15 farmers. The National Electrification Administra
ive the advantage over previous cells of being able to tion provides !oans for the cooperatives to build the 
generate electricity from diffuse sunlight in cloudy or power plants and for the farmers to plant the trees. Pro
hazy regions. One major manufacturer now guarantees 	 gram managers estimate that the wood-fired electricity
20 percent efficiency for its multi-layered film cells (;, 	 will cost 5.6). 	 cents per kilowatt-hour, about 34 percent

Photovoltaics have been promoted as an ideal solution less than the marginal cost of electricity in 1981 (76).
to energy problems in developing countries that lack cen- The Philippine plan originally called for 114 megawatts
tralized power grids but enjoy brilliant sunshine. Decei- of capacity by 1985, but technical problems and budget
tralized solar cells can be installed at the point of need constraints limited progress. Capacity reached only 12.7
without building expensive transmission lines, although megawatts in 1984, and about three-quarters of the origi
improved electricity storage systems are generally needed. nal plantations failed bec" ise of poor site selection and

Because high initial costs stand in the way of the wide- belated planting caused by bureaucratic delays. Program
spread use of photovoltaics, Third World energy planners 	 managers now hope for 200 megawatts of capacity by 
argue that production facilities must be constructed 1990. 
locally so that developing countries expend little foreign 
currency on this capital-intensive technology. In the past
five years, Japanese and U.S. companies have responded 	 Table 7.8 Contribution of ow ,sEnergy ines, 
to that request by delivering complete photovoltaic cell 	 Developing Countries, 1978 
manufacturing plants to Algeria, Brazil, China, India, and (AW 	 Percentage of
Yugoslavia (w)). Commercial Blomass Total Energy from 

Country Energy Energy Energy Bomass 
Biomass Banglades'h 0 038 0095 0 13 71

Niger 0035 025 0 29 86 
Mhe Garnima 0 098 022 0 32 69Wood, organic wastes, and other biomass accounted for 	 Morocco 027 0 073 034 21
approximately 1,1percent of total global energy use in 	 India 0 i7 0 19 036 53 
Ethiop a 0019 037 039 951980 (7o). For Nepal, Ethiopia, and Tanzania, more than Nepal 0009 0413 044 98
90 percent of total energy comes from biomass. (See s,,,oak0 0 ill 48 0570 60 44
Bolhw,, 
 00 26 84


'able 7.8.) Fuelwood use increased 33 percent worldwide ScAdin 0 16 063 079 80
 
between 190 and 1982 (H). 	 rhilinc 030 0 52 083 63Tarvanra 0 06 081 087 93
The use of wood for cooking-the largest use of china 	 078 110 29Bra,',' 0 74 0320 37 1 10 34
biomass fuel-presents serious environmental and social Me,,co 1 30 0 13 10 9
 
problems because wood is being used faster than it is 	 ___th_. 	 180 0 095 190 5
being replaced. As dis:cussed in World Resources 1986,(.)• 	 (average)Deye!oping Countries 0.549 0.416 0.96 43fuelwood scarcities now affect 1.3 billion people (72). The 	 Soure) 0 .4 0.9 43

Source: ,A(:;wp!co bu Eneffrt, t!fromrr L) 0 ioll v'tal t j. f1mazot ve eweoplng CouninesUnited Nations Food and Agriculture Organization predicts (Per ,,, r., Tabe 23. p 18,a..rPre r ck 1982) 
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develop perhaps the worlds mIost 
Sprogram, cutting imported oil fromn,34 percent of its ener.- 1 (megawans electdiP''' 

m~ 	 aggressive alcohol fuels 1984990 

yuse in 1980, t'6 22' percentin 98 ,Bai'~omi-
7. tion qf-s sdze c regltions~and, prce-upports "'' 

helped increasealcohol fuelutput from about 500 nil-
lion liters in 1975 to 3.7 billin litersin 1980. The future 
...U eg 	 P 4sourl',elibnaof alcohol fuel, programs in'Brazil and 'other countries is ,, 
difficult to predict'because of'high production costs and 
uncertain demand, "All-time-low" sugar prices could en-k 
courage many developing countries to convert sugar to a 
valuable energy source,. but lower oil costs~may decrease 
effortsermadisplace imported petroleum (77). The Biomass' 
Users Network, ah orgainization of Third World 'countries, 
was recently" to promote the development of.formed 

biomass production and markets. (See Recent Develop-

,ments, below.) 


Geothermal " . ' .Ruaniad 

The earth's natural interior heat is enormous' but difficult 
,: ;'. : me /I./'ts 	 . .: .be~lol awto harness with present technologies. Nonetheless, world 

geothermal capacity grew by 8.3 percent per year from 
1920 to 1978, and by 16.5, percent per year from. 1978 to 
1985. In 195, n estimated '4,763 megawatts were pro-1985e an
duced; by 1990, output is expected to increase to 6,398 

megaa (levelopo(e eral e re t,
tt. tnreemajorc. s e 

The. United States, which leads the world in geothermal 
capacity, increased that capacity more than threefold 
since 1975 to 2,022 megawatts in 1985 (78). Me~xico has 
developed three major geothermal fieldsfor 64emega-
watts of capacity. Hungary, Iceland, Italy, and the Phili 

Country#1" ~ 
United. States.'~"
Phili pines
Italy 

,Mexico
Japan
New Zealand 

lSalvador 
Nicaragua ' 
Indonesia 
Kenya 
USSR 
China 
Pouga (Azores) 
Turkey
France (Guadeloupe)
Greece 

" 

, '~",~~''' 
~11984 L ii 19900v"~i~95b 

.A,454,.__=7,'202Z----..2516 
781 h894 
472 519 

1,042
519 

4215' 96'1525 
25Co45 29515 
167 "16728 
95 9 92 

335" 35 I70 
32 32 362 

:34.5 
11 11 91 
8 14 14 " 

3 3 3 
0.5 21' 21 

0 
0 

4 
2 

4 
2'. 

Sta Riead ( a0 0, 50
 
Chile 001
 
Indiad 0 0 1
 

e r0 1
''0 

'0Auia 0 	 0.5 """ 
Total , ' 3,769.5 4,763 6,398.5 ' 

0Entg)SaiaintGetucla rke poC n e' 195ni0 na' y 15Notes: 

bei
 

dFacities may comc on linebetween 196 1990.end 
Sources: 	 ' and 
1.Ronald DPippo, .eothermal Pow e lopm.nt... 1984 . 1 Update,".. ,eoher

tal Resources Cotinot. Vol.13,No.9(ttober 194),p 3 ore 
Esiae,,;.International,, Geothermal Mrket Opportunities," 1965 International Symnposium, 	 Energy), 

onGeothlermal Energy, Augst26-3 1965.' w0, 


' . ' 

poema epi t a b b
 
Great Britain in Cornwall, by the European Community in
 

pines ;:ave rentynoaddedg significantogermal '~routputa Soultz, France, and by Japan in Hijiori .80).7,7~~'. ~~~. -~,m ~ ~ ;, ~ .:: ~~~~~~~~epe:n Sim perauens arcaesbaein cntedog b any~ , .;. .. : , ineering(79). hav reenl ade sinfcn getera outpu The hot dry rock system requires scientists to use 

Tapping geothermal resources requires tools and proce-
duresi-m lts~arorthoemploedt fo o exloratin.ry .. 

d ri...csitiare ihhe scti tiofclko fic sueywaDrlliossarer. Th laock nof scientificsu es norfapotential thermal areas is also retarding rapid geothermal 
dt~vlopent' An'athogh gothrma's evirnmetal 

,' 'impacts':are minor~ compared~ to those of other energy 
ct p t ou ew r 

and groundwater by non-toxictchlorides, sulfates, and car-
ad or "silica. e' 
Conventional geothermal resources, hich draw steam 

or hot water' from' natural underground reservoirs, can be 
economically exploited only where 'nolten' rock lies' . 

within 3,000 meters of the earth's surface, although en-' 
gineers hope to develop technologies by the year 2000 
that will enable drilling and heat extraction as deep as 
5,000 meters (83). Scientists are also trying to find ways to 

use more abundant, lower-temperature water or steam for 
' lectricity generation. 

In July 1986, scientists at the United States Los Alamos 
National Laboratory announced success with an 
experimental hot dry rock system that does'not depend'.. 
on the availability of geysers or hot springs. Millions of 
liters of water were pumped about 41000 meters deep ' 

Sinto a region of fracture'"naturally hot rock. The, water,'heated to more than, 175 degrees Celsius and placed 

unerhighpesswhre itstuned nto up a~second well 
he-sitturne ' ;steam. that drovetur 

bin'es 'to 'generate enough electricitfofiatown of. 2,000 

'hgl-eie itnn n api ol i'6drt r 
ate a,closed loop between the two ells. Despite the 
engineering challenges,advocates say the technology canbe used almost everywhere, unlike traditional geothermalpat ht ut eyo nsa elgcl icmtne 
for natural undergroun'd water'and steam. Moreover, the 

,'Ls'lmseprmn a'feo h olto po
.	 lems that often plague traditional geothermal facilities.
 

Tests on the' recirculated water in New Mexico howed it'
 
was sometimes clean enough to meet drinking water
 
standards (81).g
 

. ~ !<~ 
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Efficient Technologies8' 
 ' " ' : 
Industrialized nations cnsumed about rcent less t 

ergy 
'2 f t increase in the five years before the 

1973 olilsembargo (82). Part of the declinewas causedby
 
an economic downturn, but higher energy prices cer-.
 
tainly spurred consumers and businesses toadopt 'simpleA "
 

housekeeping >measures, such as turning'doinjterm't
 
statsand driving more slowly -Major conservtion' gainls,
 
however, aicame"fioriz the growth 'less energy,
 

mary "n n'1985 than in 1980, a significant'shifti 

intensive service sectrsof'theef 

developmen of.more. enfflient appliancs buildings

automobiles and motors.
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Since the 1973 oil embargo, eliergy COnservatil, has 
become an estalishe(l scicllc(. Architects ill Swedenhiil 

the Uinited States have dcsi.ilid thernially-tight new 
buildings that ieiiiire 91 perceCnt less hetl than typical 
houSes 6s3. FlmginCers in \Westernl lAin+Aye d(eehlped soick-
eted fluorescent lights that tse 65-75 t'rtCetltless elergy 
than conventioial incanlescent ulbs. )esigners inJapali 
created refrigerators that consuime one-third the ellergy of 
the average currentmi(ldel ( i1. Anid automotive ei gi ce'rs 
in .tat)an, Western ll:rope aiMi tic I 'nit,( States arc 
building cars that travel three' times fulrthcr liia liter of 
gasoline thai the iresent global-alveragc vehiclh: and 
their prototype altiolIilh's arc allist four tieis ilire 
efficient s. 
The potential for firther cfficienov s .uorlllus. The 

United Nations Economic C iiiuiissioii for I.imope predicts 
in(lustrialized nattiols can cut their eio'rgy ieeds for the 

ear 2000 I)v;ilbmt t 20) i)cc'IVlt ftoin camrnt govri1mnlt 
forecasts if thev ad p)tcurrnitlv availahle c(oservation 
lneasires (si). (Other researclers fiild that half the electric-
ity l,;d for liglitiiig in the iiited Stati's could be saved 
(s.), as could half the total em'irg,'y iiso ill S!..ibuildings 
fss).1 l)n expects efficit'l-to ianuiticallv illcreasi, fhicl 

cies abov'e curreint l)r(doty)cs with Iighter-weight, nll-

metallic automlliles based on ceraiiiics anid plastics (s!. 

And engineers say new steel Iants usiig virgin ore can 
reduce energy Itse25 perceiit below thbat of the world's 
average mill: plaiits using recycled st'el c(il achieve even 
larger savings vliu. 

Energy Conservation iii the Third World 

Concern about energy efficiency has historically focused 

on the rich, industrialized conmtries that c(mustmne most 

fossil fu,2I encrgy. I)eveloping nations use fewer c inler-

cial energy resource,; to begin with and are often unabl( 


to devote scarce capital to improve efficiCiicy 'li)
Cihance 
their standards of living, therefore. Third Vir(ld regions 
have tended t(iocus iotmre Oi prowm tin develhpment-
regardless of energy use-than oi conserving energy. 


Currently. developing nations use oi lv one sixth as 

Much cNInn as developed nations. Il 198)1,
ciri.mial energy 

per capita Ipriinary Cinerg' use averaged 6i.3 kilowatts in 

industrialized countries ho t oily aibout I kilhwatt in 

developing natiions. incluing 11 kilowatts of nucon-

inercial energy use ('11. But if developing c(unlries were 

to follhiw th pal crii the devehil)ed cint.:;, global
ie of 

energy use would need to double or quadruple over the 

next four to five decades inorder for the world's 
impoverished majority to achieve a decent standard of 
living, according to mo st international energy analysts. 
Supplying that much additinonal energy would present 
enormous ecnrnic aid environmental iroblems. 
Throi ghliiulthe 197)s, per capita commercial energy 


Use ill developing C(omtries grew at a vigorous average 

annual rate Of 3.6 percenCit. If tIhat pace continues until 

2020, and ifpopulation doubles by then as expected, the 

increment inenergy use by developing countries would 

edLtual 1.3 times total world energy use in 1980 (12). Out. 

side Middle E:astern and North African ciuntries, such an 


not he met 
lprodtced oil and gas. ()il-pnporting developing countries, 
already spending albout half their export earnings to 
iil)ort oil, Would ,'oifr,it further restrictions on their 
e'(oloiic devehlpiiielt anid additinal (e)endence on the 
Persian Gulf region. In 198', oil-importingj Third World 
iatilis also spent some $25 billion iif foreign exchange 
to exland their (omstic energy supl)lies (!):I). 

If ci al use were dramatically exlpanded, major glob;al 
climatic changes could occur in a matter of decades as a 
result of the "greenhouse effect" associated with the build
up in the atmmosphere of carbon (lioxide released in fossil 
fuel conlttioii. "o fLeet half the projected incremental 
energy re(luirements with noclear energy would re(ilire 
building 10)0 large reactors a year until 21120.In addition 
to the hntige capital costs foir such projects, the increased 
amounts of plutoniunm produced as itbyproduct of those 
plants could encouNIage 1e spreadI f nuclear wealpons 
capability. Renewable energy sources, while promising, 
would not be able to mna-e major contrilntiois to these 
re1lliireilICIIts without NIajor tecIIIohgicid breakthroughs 

increase in demand c(,uiI with domestically 

(1,1).
 
TIiese ;amd other l)rOh)l'is imlherelit illexpandil! the 

energy supply have led inmmy analysts togloomy fore
casts (f the ellergy outlO. fir many developing count
tries. Yet there is major potential for new energy "supply" 
through conservation. According to a recent study, if 
developing countries were to adopt a menu of energy
efficient technohgies that are now available, they could 
provide services comparable to those of Western Europe 
today with only a 20 )ercent increase in per capita 
energy use. Third World nations, according to this analy
sis, could achieve much higher standards of living with
out significantly increasing the average energy use per
 
capita if emphasis were given to modern energy sources
 
an( energy efficiency improvements as economic
 
deveiliment proceeds (95). The study notes that
 
CoImsi rva tim(,i nscio us Western iuropeans enjoy a per
capiita (Gross Diirncstic ProdIuct (GDP) 10 times higher
 
than that of residents of developing countries, but they
 
use (nly two-and-a-half times more energy per capita
 
than Ileir Third World neighbo rs for purposes other than
 
s)ace heating.
 
Third World nations, oh course, face enormous obstacles 

inmaking the transition to energy-efficient technologies 
and modern energy sources. The potential for increased 
efficienc' vlries enoi'iiioosly I)etweem industrial and 
residential energy uses and between the relatively rich, 
who tend to rely on oil and electricity for their needs, 
and the poorest, who depend oi traditional energy tech
nolgies that enploy fuelwood, animal dug, and crop 
residues. 

I the industrial aind commin ercial sectors alone, develop
ing countries could realize significant energy savings in 
factories and transportation. Third World factories, for 
instance, devote two to five times more power to a 
specific operation that cloi modern plants in OECD 
nations (9il). 

Several developing countries have adopted aggressive 
and successful energy conservation programs. China, for 
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superheate'd steam during thet gasification process spills 

instaice, achieved its goal of a 5 percent anual savings another egine.

atllong its major tll'rg -iltiisive ildusties from 180 to II atnllosplheric fluidized b.d coinustion, coal is mixed

1985. hii ,Janiiry 198, Ctina's State (O iotil alp))rlv'ed a with inexpensive iniestoe andIurned aibOve all Ul)Wel
series of aibitioius additional illergy regilations and hlug f()w of air. lie limesto ie reacts chemically with the
 
reqtlulutllts for Ltergy cOIservat ion plans and targets coial toi cal)lure, iiost 
 of the sulfur. Because the unit oper
17 1. 	 ates at lower teml)eratlres than c(onventional boilers, it
InI India, where oil imports cot'isled 80) percenlt if the also retduces the output of nitroigen oxides. A iore
 

cotiuiry's foreing-exchange earnlings ill 198 , attomoiibile advanced versio n is the pressurized fluidized bed coin
manufacturers have shifted to producing mlore fuel- bustor, in which hot, pressurized coni)istioi 
 gases power

efficient cars. New, dllitiilv-lllallacturd 
 five- a tuirline. While industries have used atmospheric flu
passeiier cars ise al)oult half the finel of the. typical 
 idizcd heds for years, the lressuirized comnbustor for large

auhltomoiiit' tile rlad ill Iliii (!) 
 scaie power geleration is less well developed lc:i).


islifficient cas Oil h)i1 ailild i'.l)itiy ( raise c'al)i- Attempts ca)thre sulfili
hand tlhe 	 to dioxide by injecting lime
tal uider favorali terns hlive lrcve!.,d firms ilto i furlace date from Iihe
ili' stone 190is, but ci'
 
frnm repilacilg aitiquated aind wasteful factory equiplelint recelltl v have advalcelllents ilade the )irocedure effec

I!)i.hwever, wilere lilew plailts alid equilliiet are heing live. Ill this process, dry pulverized liimestone is fed into
 
installed Or where expalnsioll aind nilo(erliinillg are I)eiig the fllrilace, where it is reduced to litie aiid retils with
 
sul)1)olted by ilitlistrial lItiilig aiid aid, relatively slmall sulfir dioxide form
to dry, solid calciuli sulfate, or gyp
ilvesthlelilts (all 
 yield si gificanIlolg-term payOlffs ill sill. B ecauIIse lt'se realcti~ilS o'cttlr i'I st effectively It
 
re(itdI ellerg.v tiS. redtlcdtemellelatutres, the process also suipp'esses niro

genl Oxides. Jai)alpS researclers testing linliestone ilijec-

Will Chealp Oil Reduce Efficicncy? iii i at small pih it plants have achieved as nuclh as 50
 
hI an era Of l owroI prices:, i)rOjectiiig tile future iN'V Of pi('rcellt suiflr relmoval. West (ernial eigineers expect
 
ellergy collservatioll ill d(t'\v'to¢lied and develoing ('(ett- htter thali 
 i) i)e('e'lIt i-emlo'.',il frlnln ;I 3htit-lilegaiwatt
 
tries is difficult. Noi clear statistics irl vet lviilal)le Oil dellilstration facility that burns low-sulfur (()il tl).
 
clniservalillii treids riaitedi to oil price irlIps ill it86;. ()n
 
lte haind. tiit' llterlallinlal iirgv .geiicv rgeny BIOMASS NETWORKports tihalt 	 USERS 

Italir ildustrialized courtries have alrcie ailred owiicdl it with leavy oil de)ts aid falling prices for theirtheir C'Onsrvalii p~rog~rams i ; lit, rise, inl t,ffici y of expirt clnini liities, a gr)oupi ut omobti les ill iir e aniid No rthi Am ric~i hias recentliv formed 
if 20 Thh'd World nationsnillorganization that proposes, a mniong


lt'velt'dti ff since il, early 198s. for 'xalliiie i0i. Other things, t 
 coivert unprofitable export crops such as 
oil t'l'ctricityte s-ilgar' calie ilit Ii iJ)i llSS fuel fI r local ci inSu p1 ionl.'ict evell as higpriceselillglltel(,lt'(tlrlgtdilchiic,('Hl~lllt'r t'Hisrv,.costs rellailnl ~ 

highl (iougi to (enctouirage conisumiers to c 'isvt. %lore- Inaugurated at a meeting iil Bangkok, Thailand in 
over, the billioins if dllars inivested ii 'fficienit tecllol- )ctober 1985, the Bionass Users Network (BUN) aims to
 
gies liver tie past decd(et' will clltin- tIo hear fruit ill stimula!e rural developent.create markets for
ill, iiew 

lie vefilrs a Ilea (I. I[or out' exain Pi), stee' Ix 7.1.) gricultural rolducts, preserve foreign exchange, and coin

serve iatural 
resources through effective iioMIass 

RECENT DEVELOPMENTS nllalldgt/,elllellt 1l5).BLIN pro)oses to sihare information ol bioniass tec iinol
CLEAN-COAL TECHNOLOGIES Ogies IN p)ulIlisihiig case studies, sponsoring workshops, 

ii i(maintaiiii i a catalog of experts who caii provide
Recent data suggst that elinceI('(,rs iay have developed direct assistalice. The' first case studies focus ol the Plhil
teciilogies that si guifit'alit''treduce eiiimissions fronm coal- lippies' woiid-burning poiwerr prograin, Brazil's alcohIol 
fired po\wer ia!ants. Tihree itw tec'hniques, coal gasifica- and industrial charcioal proigran, aid Guatemala's biogas
tiil, fluidized bed t'i oniiiistiiiiaid furnace liinestoine progi'al 11(1T. 
iinjectiioii, ffer draatic enviroimi mra ovemellnts Ivyei iiii pr~ BUN is supporttd by' fioundations and has offices ill 
substlanlially ret'ducilig pollutiol fromll coal-huriiiig planits. Washin!gt il, ).C. aild Sai JIose, Costa Rica. It proposes
For countries with coal dellsits, they offer oue of tile five iitial pi ograins eacih with a three-year lifespan:
best hopes for leetilig new t llergy dt'initd while llt'l)- diversification of the sugar cane industry using arid, semi
iig tI resolve the iprob1leis of acid rain and Olit'er air arid, and degraded laiids for bIionlass production; produc
po llioll. ii.g )iomass fuels for conniercial aind domestic uses;

In tlue United States, the ('ool Water ('Oal (iasification identifying biiomniss crops' gernphasm; and offeriing spe
Pro'igramirenioved 97 lpercit Of the sulfur fioi hiw-suhlur cial support for country and reg ional programs. luring its
ct'al auiit redllced emissic'is tIo One tenth Oif ('xistin. fed- first year, BUN's menilership doul) led to 40. Member 
trial stadll (iards. Tle test cut sulfur trol i 11tries are required toi make 
high-sulfur coal to about 

fici lily also Out co11 not 	 a filiancial contrilbu-
One lhird of the mandated level tioi, but must apolint t rel)resentative whoi will devoteia 

(102). The 100-negawatt Cool Water unit in California's substantial allounit (If tiie to serving on B1N commit-
Mojave Desert mixes pulverized coal with water aid iixy- tees alld proijects. 
gen aiid ciiverts it into a gas. C inbustioin of tie gas IDiversification of the Suglr caiie il(iustiy is especialily
drives the main turbine, and water colnverted into important ti1BUN l'xecutive Director Albert Binger, a 
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Jilmnaical who headed that country's Agricultural the international commodity market. (Givethe farmers a 
D~evelopiient Agency,and whoi hias watcheId the effects market and they ,,'ill produce bioiiass fuel" (17). 
of falling suiar cau, prices oil the coulitrsv' ecolnouiy. About half of BLIN's inemlbers are large-scale suigar 

"Since the pri'e of sugar caue has falleni, the leuding cane producers, a few of which are already usintg sugar 
agelcies woui like us to (itch cane aud fild alternative ;alie as a soirce of liquid fuel, electricity, and animal 
crops that we can sell to the North sot we ('a import feed. (alle can also te tisel folr imaer pull), construction 
oil: lIe said. "But we have 3110 yers 01 (.:llrliice grow- materials. and chemical fecdslocks. A BUN task force of 
ing sugar caut,. Wh\v i,t simply make akl i ,,Ifuel froum industry and teclhical iienlhers is looking into markets 
the sugar calle.' As the cotilitry develops, itwill ieed for potetial sugar calie products and evaluating technol-
Mre elielgy. 'I'he(markt would he uuclh steaddier thanl ogies for various coiiversitls 
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Worldwide, the total supply of freshwater is more than 
adequate to meet current and forseeable human needs. 
But a growing challenge is to accommodate the increa.;-
ing water demands of households, agriculture, and indus-
try with a ilobai supply that is often not abundant 
locally-and is increasingly polltied. Po~pulation growth 
-ind increasing urbanization rIav strain the availability of 
drinking water sup)plies, partictaLrly ini parts of Africa 
and East Asia. Increased agricultural irrigation, which 
already accounts for over 70 percent of worldwide water 
use, could help meet the food needs of the world's grow-
ing l)opulation. Bu! many of today's irrigation systems use 
far more water than necessary and contribute to the 
degradation (of higl-.(liality land through extensive salini-
zation and waterlogging. The expansion of sophisticated 
micro-irrigation techniques such as drip or trickle systems
have the potential to conserve vast amounts of water. But 
more impoirtant, inexpensive impro)vements to the corm-
mon gravity flow systems used throughout the world 
could make an enormous impact On water use. 

Potable water supplies are fouled by untreated munici-
pal and industrial wastes in many areas of the Third 
World. The developed countries of ELrope and North 
America face increasing contamination of groundwater 
reserves. Up to 2 percent of the aquifers in the United 
States may he unfit for drinking water. Nonpoint sources 
of pollution, such as fertilizer and pesticide residues in 
farm runoff, are partly to blame. But inadequate disposal
of chemical and other hazardous wastes is also an irnpor-
tant factor in localized groundwater contamination. 

By and large, the industrialized countries have man-
aged, albeit at great costs, to prevent the pollution of 

8. Freshwater
 

their surface waters from growing worse and, in some 
cases, to improve over tile last decade, mainly by upgrad
ing sewage and industrial waste water treatment plants.
In the developing countries, however, water quality is 
worsening as industrialization takes place without the 
benefits (or costs) of pollution control. Although half the 
Third World population has access to safe drinking water, 
only a lifth has adequate sanitation facilities. Goals set by
the United Nations International Drinking Water Supply 
and Sanitation Decade in 1980 are being adjusted down
wards, particularly in Africa, where rapid urbanization is 
taxing municipal water services. 

Participants at the United Nations World Water Confer
ence, held in Argentina in 1977, developed an instructive 
anecdote that illustrates the finite nature of global fresh
water resources. If a half-gallon bottle held all the planet's 
water, the amount oh usable freshwater would fill only 
half a teaspoon; of that amount, a single drop would rep
resent the amount of water in rivers and streams. The 
remaining half teaspoon wo,'ild be groundwater. The 
earth's freshwater is a precious resource. Its uses touch 
every human need: drinking water and food, cleanliness, 
electricity, industry, transportation, and recreation. But 
water is often wasted and mismanaged in many parts of 
the world. 

CONDITIONS AND TRENDS 

FRESHWATER: TE RESOURCE 
Most of the earth's 1.4 billion cubic kilometers (km 3) of 
water is saline; 97 percent forms the oceans. About 30 
million km3: of the remaining freshwater is locked in 
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~icecaps and i aigePportionof theA-,60miI-IIt, deeit' liciers, and 	 Sahaian Arcnad)idcEsernCLnre uf'i!sbtnm~!~~~~~~~~~~ fgrl 	 inaccessible ~chronic Arcnad~lde'Esencutis~f~' us 	 elion kll wahe remains essentialy 	 water 'shortages, butso 'do, jarts'(ofthe 'Ui ted~'
(1) Tus~lesupply. of freshwater available for human, us'e States, Australia,' anid thle Soviet Union. Some conredepends'on the globail hydrological Icycle. such as, Haiti, Poland, andBelgiunim''
 

ZiEach year- (-yaporat ion'-from the -ocans -yields about:' ' water- resou rces,but 'a re- still-cons idefed -water pdur-,be-- >""----
,cmpre)rx:acyce '"1.: e' .,,: 	 maynhave substantiaz 't 0 kfWaterm h c 	 c I of ee Begium fort ,:thisk10 ' (1 cubaIti I kilomee-I ause h 


ter equals I trillion liters),' Over 90' percent returns to the example, receives an average' 25 kM3 ofI freshwate>' 

oceans as recipitation. The approximate 41, ak0'km 3 re- annually comparedItoOman'sO.66 km1 But Belgium's 

'
 

maimng is carriedby winds to land, where it combines, percapita share is itl than twice Omlan'":
onl more 

with slightly more than 72,000 kM3 of water evaporate 1,270 cubic meters per year, comparedto Omans 540
 

masses. and falls as p). This 

gross continental precipitation-about 3-

,'
*from land 	 precipitation (~2)' cubic meters per year (8). ~ 
113,000 ki Some experts contend that where the number of per

creates eno'ugh water to cover thle earth's land surface, to sons dependent on, one flow' unit (I.million 'cubic meters
 
a depth of 83 centimeters. The rainfall recharges'sil of water peryew exceeds 2,000 there is an inherent

moisture' and 'groundwater, which form' the' 41,000 km3 of ,ivulnerability to water deficits'. About 35O'people compete

river water that returns to the seas to complete tile-, for that amount of water in the United, Kingdom, Italy,

hy~drological cycle (4).' (See World Resources 1986, Figure France, India,-,and China,, compared :to'2,000 persons ini
 
8.2, p: 122.) 

3 
Tuia and 4,000sa
iin Israel 'and Saudi Arbia. Fewer than


.But of this 41,000 km, only about. 14,P00 kin3 i's avail- 166G-pleople compete for one flow 'uit of' freshwater in

able as' stable runoff (5), while 'the rest fbws'back~to 'the Nepal,' Bangladesh, Indonesia, and Sweden.~ Just over 100
 
sea'as flood runoff. (See' Figure 8.1.) Of this' 14,000 km3,''' compete for one. flow unit in the United States; slightly

about? 5,000 kM3 flows through unpopulated or sparsely-' more' than 200 do" in'Japan (9). (See' World Resources,

populated areas like the Amazon River' Basin, leaving 1986, p. 124; Figure' 8,4; p. 123, Table 8.3; and pp.
only. 9,000 km3 readily available for hu~man use (6). 301-307.) 
 ' ''4 

Population variations, of course, also affect the ade-	 Another determinant of water availability is the interan, 
quacy of water availability. Per capita water availability ,- nual variability of rainfall, The areas of highest variability,

varies from' about '122,000 cubic meters per year in where rainfall varies more than '40 percent over the long-

Canada. to 70 cubic meters per year in Malta (7). (See term average, are sub-Saharan Africa, southwestern '
 

World Resources 1986, Table 8.3, p. 124.) Most sub- Africa, Saidi Arabia,"southernIran, Pakistan, western
 
' ' ' ' 	 "Southwestern' United States an'd northwestern Me-'"'7 '~~India, 

ico, northern Chile, and Brazil's eastern tip (10).' Sadian' 
Figure 8.1 Global Water Supply and Demand 	 Africa also experienced'a significant decline in average


annual rainfall recently, although-'such'drought -cycles are
 
com n to the regio. A Maliimeasuring station for "
 

40,000--	 - - omnlrgsee ma an, 'rainfall of >715 nil- 'limeters (mm) during the 50-year periodendingin: 183 

compared'toperiod(ii). 577 mmitV!during the' last' 15 .years~ of that ' sFigure. 8.2 sho's the e'arth's areas of water , 'y": 

11annual precipitation and the loss" of' water by evaporation '.'' 
from soil and plants. . .. . 

U The scriyof' water, caused by rainfall. variability " 

i:' be confused with how 'human activity affects''should,'not 

L -----. 	 wae ofiablt 2 does not take into account 
., 

undegrd 	 '' 

~~the stem thatgrun aquifers' and interbasin water, 	 '> 

-5 transfer systemsvthat ipvidewater in some arid regionsiaC:Avilbl such as the' southwestern United'States and the central ' '~

(j1,0-Water,- 71 Asian 'republics of the'Soviet Union, ' 

4'~ WATER USE 	 '"-"' "' '~' 

50 The amount of freshwater actually used (as opposed to 
n(Exudingo-n0 the amount available) is estimated at, between 2,600. ' 

Pollution) 	 3,500 km3 (12) (13). People nleed less than one cubuic mzet'er' 
'3.(in 

3) ot'drinking water a ye Iar, to survive. However,~ to-sus-~ ~ 
180tamn a quality of life as defined, by 3most'developed coun180 8. 11900.1.50.20.0.p5 	 r year peries, at least, 30 im3 ofe 	 u 

f'person for domestic use (14) Domestic and recreatinali 
,, ,71980 

' .need-s countpercentfor, oly,6of the worlds fresh 
'"'.Source: Adtaped Irm RPAmbiqoi, V"-ao 'IVA2,1.N 3 (1980)" gae.A 	 waternus lrri7tereniculture'accounts for73' percent of 

3 the&,wr used and industry accounts rtheremaining' 

I'!d''P I,b 7 3i ; . ;,' , ,198' , , , I 	 '. 

http:comparedItoOman'sO.66


<4 hFigure 8.2 Global Water Surplus and De'ficiencya 
(rmilmeer perearJ,.. ' 

' ,.)< 
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Note: a Defineo as ddference Gel'meeri annua- oreciptator) an' 1(2apolranspiraion. Evapotransopiration corresponds tothewate, demand from a potential crop notsuftering 1'om waier ulpficifv
Source: M Falkenmniai, "Waterand Mankind ACu-nple S'itor ofMutualttneracon'AMBtO, 6. Not1 (1977), )3,
 

21 percent (1.9)..But'this pattern vare, rm eint 656 cubic meters per person per year; Japan, Australia,region: Industries 'in Eastern Europe use up to 80 percent and New Zealand averaged 945 cubic, meters per person

of that region's available freshwater, compared to less per year (19).

than 10 percent in such countries as Turkey' (9 percent), Despite, the abundance of water globally, the rapid

Mexico" (7.percent), ,and Ghana (3 percent) (16) (17). But increase in the wvorld's water usage since 1950 
 s causeeven in countries with otherwise good statistical data, for concern, especially for those areas that are waterwater data are not always available. poor.. Total water. use increased from just over 1,000 cubic
 

This analysis ignores a harsh reality:' the distribution of meters in 1950 to nearly 3,600 cubic meter-;-in 1980;
the earth's .freshwaterisupply often does* not coincide with over the' same period per capita use rose from almost
where people live. Some' countries are relatively. water.300 cubic meters to about 800 cubic meters (20).


prhb ed perei capita water use is'small comprhbed er p er ailbit. For exam l in Drinking Water and Sanitation in the Third

1980 Canada had 122,000 cubic meters of water available Wol
 per year for each person but used only about 1,500 Cubic Wol' 
meters per person per year 

' ' 
On the other~hnd, Egypt's In the developing countries, the, availability of freshwater 

per capita water 'withdrawal of 1,180 'cubic meters in i for domestic use varies widely; it also provides a meas- f1976 was already pushing the per capita limit of about~ ure of public health, Domestic 'uses include water for 
' 4 W~1,470,cubic meters available per'person per year (18). driniking, wvashing,; andremvinig and treating sewage. In
'At the global leeaccording to the Organisation for' Africa, 13 percenitof Lsthds population had access to,


Economic Co-operation1 and Development (OECD), North~." safe 'drin~king water ad 14ercnt'had1 access to sanita-~
 
America leads thie world in peri'capita"waier. use at 2,230, tion ,services' in 1980; in Liba, he ercentages were '96
Scubic meters per person~per year (in 1i980).(Se'eFigure ;, 'and 90, respectively. Iii India, 55, percent had access
~41~-83) urpean OECD countries,,on, the, other hand,' used~ drin~king water butohly 8 jperc 't'.dsntaineric.

to 
''
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'Cooling Water for electric power generaion adounts for
F~igure .. MaterWithdraiwal perCapita,1980 , ~ owr,60;perent of total industria a n (25) Of the 

rmiig 4 thirds isuse d byfiveprocess
Cubic Meters~'~ 	 iusr!i: rimlay 'm~tals, chemilcal products, petroleum11'i 

~bilve"'pin cou~ntries lseitt le water aot2-0~ 
2.230" cubic emeters per, person per y~aicompared to such,nii 

_ :_idustrializ d wnationsas the United States, Which iIsesr 
abou 2,300 cubic meters per person pe-:95ai7(anly2 
percent' of this water, howev, isconsumed ois't : 

I.returned 	 to the water cycle (27), Table 8.1 shows how 4' 

water withdrawals varied among 22 countries reporting 
to OECD in 1980. The amount used by industries ranged 

~~ from 2.1 percent in Greece to 744 percent in Sweden.~
945 Further, while industrial withdrawals increased in Canada,

1,000- ' Portugal, and Turkey, they decreased in Finland, the 
-Netherlands, and th, UnitedKingdnmg(28). These differ-

ECDchanges 
America Pacific a , Europe cling technologies required to comply ith more strin 

gent water quality laws. 
Intres-toemebtigter pollution standards, process 

Norl~ in industrial~mix, 	 and the application of'recy

0 indureth e big polluters arerecirculating -.more, water, 
(cubic (cubic- thus reaucing their water use., In Japan, fo4ie.amplie , 

.... 

alwater wi th a tmore than double..fro " Autai lA tlmeters)0 ..... 1,281 Netherlands meters) in t r ovaitosi16to97,btathendusra 	 eeomn,A 	 99 ':o ene u wfithatrpwaiod cnoi Jpanese 
; 

Austra 	 298 NewiZealand 383to1974,utCanadam 	 19, Portual 4896 plnswr recycling two thirds of their..watercompdredCalgd 19 ... 106 mL2 e	 ,Nor..rtug 4sal
Denmiark 239 Spain '1,016 one third 'in 1965 (29). In the'Uiiited States, industries wi''.to 

'o775 Swgeoen 	 4.79 .Finlandr l betr lea molyrese..... e'France ,33 Switzerland . 108 ,r een; e unes aer most:S'c o

Gerniany 686 Turkey' 659 stringent pretreatment ' pollution control regulationslenaw"


720 United Kingdom 226 rGreece 
Italy .985 United States 2.306 acted in 1977. Between 1978 and 19,83 U.S. industry's 

.923 ,.392Japan Yugoslavia 	 waterintake hiad fallen 23 percent from 49.2 billion cubic 
reurce 	 'meters to'38 billion' cubic meters, despite a 6 percent o '''-r:Sour rrsan lo r Econonic Co opwron rid Oe,,Lopmeni (OECD),

h Stl?of the Environment 1985 (OECD Pans 1985), p 0 	 increase' in the number of industrial installations using 
mor4 , "houand cubic meters a year included:in 

4' ,' a U.S. Dep&Ltn I o oImmerce cens us (30). (See TIhble 'k 

8.2.)" ei~ 
Conversely, in Paraguay, only 25' percent of the popula- The amount' 'of. wavter reused varies considerably', within'" 

4 tion had potable, drinking water.available, but 87prcn the fiveindsrial, group that use most-of:'the freshwater
had sanitation services of Somie kind (2i). -wn; for industrial'.purposes. Table 8.3 shows the4 '4witihdra 

Some 1.2 billion people,' or 24 percent of'the world's breakdownin heUite'd States, wlieirthe maniufactre"
population, lack safe drnigwae 2) About 1.4 billion of chemiicals, 'pulp'an ppr, petroleum and coal, pr-'
people have no sanitary watedisoa Ifailitie About 5 mary mnetals, anid, food 'take nearly 90.Pe'rcent of all the 

444 

miloepe(i every year from such waterborne dis- water, used b,bindustris, riot' including wateir4usd for . '" 
essas cholera; typhoid,' 'diarrhea, dysentery, malaria, cooling. The petrleumri anid coal industries irecirculated 

and intestinal worm infections 2) tteedo 93 7preto h~trte~sdi 93 oprdt
three years into the International Drinking Water Supply percent recirculated by the 4food industry, (31).'':'54 

and Sanitatioin Decade, 49' percent o6fthe populations of InSweden,;the pulp and perindstry.use 80 per-i.
1'. Third World countries'4reporting to L'the World Health centf of thie country's industrial water-withdrawials.'Fromn 

" Organization had access to'safe- drinking' water, but only 1930. to the mid 1960s,,Sf dnsidsria wate cli id' 
20 percent had access to, adequa~te sanitation: facilities, (24). increased fieod Prde ytuhbll'tio6'co~ntrol 4t 
Considering populationgroth, these figures "ereen' 

4 Lpercent improvemniniacces'to safe 'drinkin' water Tabe 8.21U.S. Industial Water Use 	 ,1964-83'''hu"4percent lo s:If acc to 1adeq'itesnaio (billons c(
4curbl&'mefers)4" '"4i r:?.4 ~ ~4A 

"4'..sinjce "~,Volume1980..(For more6 information on the U.N. Interna-	 .Percent"' Voiwyne .-.Percent, Numbr of ' 

. 4 jti6'nal Drinking Water Supply and Sanitation Decade, see .~4 Year kTotal intake Reused., Reused Discharge .Treated '&-Usam'i,
 
Ch1apt err 3 "Human'fl Settler ents")2 '' " 16b3' 128,1 i'38.0~ 901 "0'"'Y 4 33.7 '45~4 10,262


4' 4')''~ .,~, ~-. ':' 4 "'~' 1978 '168,5 4'i92/ "129.5 72 ' 4 4. . 40 9,0 

.44"~ 4f '4" "4~ . : .- "I,.'~ ','973 i178,7 '5694. . 
1 '~. .~x . 43 9 'x .~ ~ 1'430668 44444~'1'''4'1'> .4>44 135.2~ 581 .7< x' 	 30' . '.'164 x'i4 54,0' . ,402,'" 

~ Industrial 'Water Use and Reuse4 .1,964 -'113.0 53,0 X X 496 ~"29. 8925 

use is categorized by whether it is used , z 
."'oKcrc ~e~eeation or' for4prb4s Maoaun UGovernment PrnW: teWan iiin4DC. 6,p 

liduistrial water 	 No'4;.n~~tins replnsitakes of75,720 CuL'bicneeras~o r Yar sex 
inustries44' S 

J wdecs 19 7 1'444 4~"~~"444l4 ' 4 .1. '"$'' ~ ~ 4~ , '' ~ 1 8 p 

444,444 444 '' Ij4' 	 4 "' 4" "" ~ ' ">'" 



..5 ivj.>.~..,5 5 5' 1,;, Freshwvater+ 

Tble 8.1 Total' WaterWithdrawal 6yMajor Uses, Selected Countries, 19 0 . 

4 'yys' f" ''j'Y Indus"r ~~.-s."''I Totald Cublc, 
4 

Percent Percent- 'Percent"' 
.j -1millions of_ 

.. cubic m.eters) . Meters per~ Percent 4 Perccrit ~ "Process. .~ Electrcal ,TotalCapia Public Use Ilrrlgation'5 Industries . Cooling IndUstrial 
Canada t - "'~s' 36,153-'"~' 1,509.0, " ~ 126'7 ~ 1l ' "3&8 . 48 4''USA , 525053 , .23063 89 395 103 39.6 stI,Japani ' 107,772 922,8 12.5 X 0,0 0.8iAustraliad ; ~ 17,800 1,211.5 12.1 ,57.1 4,6 X G~v~j~r6V4New Zealand 1,200 383,3 41.7 X X X
 

., Austriac 2,240 ,. 2983' 26.8 1.8, 24.6 *. 
 46.9' 71'Belgium 9,030 , 917,0 3 X 10.0. 50.9,
.Denmark 1,210' 236.2 X .X'. 'X- '. IXFinland9i. 3,702 '' 774,5 . 10,5 1-4 38.3 2.6 ,49

Francec~i 27,000 502.7 159 19.3 
 . 204 44.4 64.8Germany) 42,204 685 5 11.8 6.8.0.4A.Greecek , 6,945 720.2 108 82.7 

60.4 " 67.2
1.3 0.8 2.1lalye .56,200 9848 57.3142 14.2 12.5 267'Netherlands 14,209 , 997.4 74 12X 70.9 72.1Norway 1,999 489.1 195 120 70.0 X 700Porttulc: 10,500 1,062.3 150 46.9 37,5 X 37,5

Swadn 36,170 9675 X XX X XSwezernd 3,979 478,8 24.0 1.6 74,4 X 74.4wtrtof 1 . 690 108.3 .- X X X"29,928 669.0 12.5 77,8 9.7 9.7.UidKingdomCfl 12,639 225.7 46.6 0.3 14.4 . 37.9 52.3
Yu..oslavia 8.767 392.4A 17.2 2.97.9 .31.9 34,8 

X- notavailableNotes: ' a Withdrawl fror the fourtmajor Sectors presented inthe tabe de, not necessarily Odd up to 100perc(t Lecase eSgricuilUralUSes other that irrigation, indusriW Looing and other uses areriotnictudal 1).

b Public use data aretbasedl ori.esiential arndcommercial withdrawal tOrly,ndustrial (munic pal~wthdrawa is icluded inindiisty 0~lr
seC industry: cooiinq water included.
d. Iodusry indastral a'd electrica cooling included
 
e, 'ubic use: data are estimates.
 
f. Total and per apita data refer to 1975 for wondiAwal aid to 1980 for pitpulatonhhP gic use. n norirnigation agriculturenarluwtreuss ncludedolareresen a d.in.ry .hc..erocu to to.thr time pe ecde . . .., .... ' .. ... . . . . ....
 

Lata refer to 975 per capita figur efers to 1975 forwildrawal and to 150 forpopulation .
'Poblic use. iligason, electrical cooling ad industry 1979 data (percetage of 1980 total) Ulirigation data reer to total agriculture water withdrawal.i . , i
Industry. 1975 data (percentage of 1950 total), 
 .Sr Uti on sr'alt-scale removal excluded i .
 
ni England and Wales only... 

.ii 

'' I

i
0, ndustry water consumption nly,.
 
nSorce Organsation for Economic Cooperation and Developient (ECD) OECD Ear ornonttDxat Compendumr 85(OECO Pass 985 , p 5t1 

laws, the industry cut its water use in half while more example, use o9nly aboult 1percent of the country's avail-than doubling production by applying recirculation pro- ' able water, but that share is expected to increase fourfold 
' 

1A. 
ce;ses. By the late '1970s, the industry had increased its by tie year 2025, when India's water demands are 

Scarcity ailso isdriving idsretouewermore *' , In many Third World countries, industries have~yet to 
efficiently In Israel, the ,government has established water treat their effluents. In India, 'for example, plants 'manu-,
use standards per unt of production for each industry.unit facturing chemicals in Goa; ra n Kerala, pulp in
 
These standards are used to set quotas for, each plant Anlai, arid lete prdu ain
t ail Nadu hav~e ris tedlbased on 'anticipated production, and these quotas moti-

' 

to install pollution jcontrol systm (95),pressures 

~vate plant mnanagers to use less'water. Over the past two , . . .,,tm ~)

decadesIsrael has cut its average 
water use per unit '' , on Efficien 
value, of industrial production 70 percent (33). The dis-..phs'n..ec.
 
cipline created by waterscarcity, however, is lacking in During the first half of this century, worldwater 
 dou

most evelping here indutriaizatin isbled; ill. doubeainy190.Teueoirgtdounties, it 
beinn ogather momentum.' agriculture and 'global population 'growth are the main(~4 ~ 

Weete countries will ao w t& 
' 

nologiesto 
'the 

c ( Fobi 0to"1970, the gross irrigated area ofmake more freshwater available for other world doubled (37). Agriculture now accounts for
 
uses remains to beseen. lndia~s develop~ing industries"' for. about 73 percent of total freshwater 'usage (38); Table 8.42.,
 

Table, 8. Majo US' Industrial Water Users, A983 5
(billions of ,cub',-motors) 5" 

'' '' '5 "5~~~~~~VlrePerc en t ; :, < .,volu me ',. Percehnt : , 'umberof 
~InutilG oa'' Reused ' " Reused VVI ~~ Discharged ~ Treated sot fies"!i

'.~i" ''"Chemical Produ~cts 365U 23,6 65" . .11,3 ',4&"' 33 ... "sk1,315 " 
1Paper and Pulp' ','28.1 . ~ 21,0 74 2.67 4, ~'73 .545.'600~Petroleum and Coal V '23.4 20.3 87 267,. ''s"'3 54 s260it'.Prirnary1 Metals ' 223 13.3 "' .,, 760 80" ' '' 42'% . ' I '.. 'i'ri{4t2Food Procesing " ' 5,3 2.9 54 2"1 ~'i~s36 4 2,~"'l,6S~56'.
 
Totals4' 4-55~'W 115.6- '. 
 811. s5 '"i. ,1 '''30.7~j~ ' 5,607 4 

a.Installatons repoding WaterIntak of 75,720 culbxIc - or more per year '., 

b. nccgjnls for 9r0percent of allindustrilt use, excuds ,, rfrb coolng'' ~ *avx~n 15 ~ , aftgo C 18)'7 . 

W111d 1951 
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.. method used byomostof the.world'sthiarde:s.;Th.S 1.5.-85o h sl -lmprovemen- i 

;'lRegion v 196iYA ' 1950-60 ','1960-70 1970-80 used on one third of all irrigated land in the United "
 

SAfrica 13 25 80 33 States. These devices, which water a circular arLea of
 
Astab 184 52 32 34 about 50 hectares from a rotating central arm, can 
Europec , 29 50 67 40
North America - . 34 - . 42 71 17 increase water efficiency. about 70 percent. Saudi Arabia.Som hra9 67 20 " 33... "" . . . .
 
Souea Amrica 22 07 0 has installed some . . . to '- ,
3Oceani , ' , ;O0 10100 33 ; ,. 12,000, sprinklers- in its drive 


...... ... .- .. .become self-sufficient in grain (48)- .- . .
.. .
 
World 271 49 41 32 DuigtepsIsalSotAfcFrn,


During the pa st decade,Israel Souh Africa, France,Notes: , 
a Percentage increase ,eteen1970 and 1982 prorated in 1970-80 tomainaincornparior, Mexico, New Zealand, Australia, and the United States 
b. IncludestheAsan porfioo the UR .. . began using micro-irrigation techniques such as drip or 



c Includes the European poion o he USSR a trickle system s tha t deliver waterdrectly to crop roots

Source Adapted from Rangeley, Irrigation and Dr g in the World, presnted atr 

the nleirnalional Confereice on Food and Water, College Station. Texan, May 26-30, 1985 though perforated tubes. Table 8.5 shows how use of this 
9p~ method has grown eightfold since 1974, improving water 

efficiency an- additional 20-25 percent over center-pivot 
.sprinklers. Israel now uses sprinklers and the drip method 

shows the growth by continent. Most of the recent on about half its irrigated land. Nevertheless, micro
growth has occurred in the European part of the Soviet - irrigation still accounts for only 1 percent of the world's 
Uiion, Africa, Asia, and South America (39). About 18 total irrigated area (49). 

percent of the world's cropland is now irrigated, produc- Less costly improvements to the gravity flow system, 
ig about 30 percent of the world's food (40), but the such as leveling the land and recycling the excess water 

environmental costs are high. The relatively sudden with theaid of ponds and pumps, remain the most prac
increase in water withdrawals has depleted aquifers, par- .developingtical alternative for most of the world. Siply
 
ticularly in arid areas, and reduced or, eliminated crop reducing the difference in levels between'the top and .
 
production in some fertile regions through salinization, bottem, of irrigation furrows by only three centimeters
 
alkalization, and waterlogging. can reduce a farmer's water use up to 40 percent. A j
 
j, Salinity 'now seriously affects productivity on about 20 surge technique developed in the United States (Texas)
 
to 30 million hectares-or about 7 percent-of the world's also' can cut water and energy use 10-40 percent. nstead
 
irrigated land (41). The salinization of fertile croplands is of running the irrigation water continuously, a timed
 
running between 1 and 1.5 million hec'itres a year. The valve releasesthe water at intervals to permit initial wet
iworld's affected areas include Egypt,Iraq,'Syria, Iran, the tings to seal the soil. -This nmethod allows a more even dis- '-..


4 Soviet. Republics of Uzbekistan and Tadzhikistan, Western of water (50).
-tribution 

ChnaPkitnIdiAuta~~,ad'te othetenIn 1979, the International Food Policy Research Institute 
United States (42). In the U.S. Colorado River Basin, in Washington, D.C., projected food deficits in 36 selected 

-- # annual loadings of up to 10 million metric tons of salt developiing countries. It predicted that if these countries 
cause crop Iyield losses valued at about $113 million, a were to -avoid a 70-million-metric-ton food deficit by 1990, 
year (1982-dollars). These losses are expected to reach . they would almost havo to double their past 2-percent-a
$267 million a year by 2010 if the salinizatioi is not con- year growth rate for irrigated agriculture. Instead of'
trolled, but progress in that region's salinity control has adding another 27 million hectares under irrigation by 
been disappointing (43). i, i --------- 1990, they would need to addainother 40 million hec--

A major cause of salinization is excessive irrigation tares. The major food deficit -areas areBangladesh, India, 
i '--ditchflows that deposit salts in the soil. One of the many - 3 i 33 i;:-:

ways to reduce salihization and waterlogging is to T . 5 Us o -e Micro- :hn iq Isa : 
improve the efficiency of irrigation water use. Again, the TMechniquesa 
irrigated world has mutch room -for imiprovement. Water hfaet ''-j 

iS 

-'A1821' 

efficiencies'v'ary. widely. The mor~e technologically ad- Countr 1974 


vanced countries use about half' the amount of water per Israel :. - , 2,06070 81,700
 

h e' ctare that the less advanced' countries use. About' 75 - " South Africa i - 3,480. - : 44,000
 
percent of today's 271 million hectaresof irrigated land a-n X- 22,000
 

A srla10,120 --- 20,050 
-are in'developing',countries (44). But crop yields ,in many Soviet Union X 11,200 

IayX 10,300developing countries are only about a third of those - Chna - X '.8,040
otaineid inte moreCm depeloped countries t: , -' - cyPrus 160 6,600 '4obtained. 1'r d.-e in t d "- nt 4". ', Mexico 6,470 5,500

irrigated agriculture often loses half the 'water that it All Other . 1,010 .,. 21,970 

uses through evaporation and transpiration (46). Improving Totail 56,370 ' 416,660

irrigation efficiency is necessaryto provide additional -- - Xx not avalale - , ,
 
water for trrtgating miore' land. If the Indu's region of Pak- Note: a Includes prrmarrty surfaco and subsurface drrp methods and micro-sprintiters,~~


Sources: Sandra' tet, oserrng Water:' The Untapped Alternative (Worldwatch Institute,

istan increased its water efficiency by., 10 percent, for" Washington, DC, 1985), p. 15: 1974 estimates from Don Gustafson, "Drip Irrigation in the
 

xoorld-Stat of the Ad" In sraqua '78. Proceedings of the International Conference on 
e w rsavedcoula W e and Applicatons (Israel Centre of Waterworks Appliances, Tel Aviv, 19 

Ard ten tedfona 'rnstale JS Abbott, "Miro-trngatron-Word Wide Usage7hectares,(417r-. s Bulletin of the ItrainlCommissionon Irngation and 1984, ,,es>Aiiniasyi1984 

:,V rd ,eaue91987, 
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Nigeria, Egypt, and the Sahel region of Africa. But the The levels of other pollutants-nitrates phosphorus, lead, 
average rate of expansion in irrigation is not meeting' cadmium, chromium, and copper-showed mixed trends. 
even the lower figure (51). India is ahead of its growth , Lead levels in the Rhine River at Bimmen, Federal' 
. .p. be self sufficient- in cereals.by 200. example;.for.dropped from 24-redction.and.should Republic of -Germany 
But sub-Saharan Africa, where the potential for irrigation micrograms per liter.in 1975 to 8'micrograms.per liter in 
development is limited, lacks both the investl~erlt' 1apital1983, but nitrates rosfrom' 1.8 microgams perliter. in 
and a tradition in irrigated agriculture; it is aparent that 1970 to 3.9 microgra per. liter in 1983. Phosphorus
irrigated croplands will not make a significant' contribu- levels remained about the same, and values for cadmium,
tion to that region's food needs by the end of the cen- chromium, and copper decreased substantially (54). 
tury (52). Factors other than irrigation can, help, such as Installation of primary. (mechanical), secondary (biologi
growing crops that need less water. -- - cal), and tertiary (biological and chemical) treatment 

plants by municipalities ind industries accounts for most 
WATER POLLUTION ' .of the progress. Waste water treatment. plants served 
Contro~li he world's growing municipal and inutra morethan coun&,slightly half'the populations of21 OECDwater pollution apear to be a never endingstruggle In tries surveyed in 1983 (55) Table 8.6. shows the progress:' 
wt pEDolut pes,roe oaneer i r .n . since 1970: Sweden, the only country that has shifted 
24 ,aOECD almost entirely to tertiary treatment, had 100 percentcountriestprogrestowardcleaner riversi'and 
lakes has been spotty although measurable. Biological service; Denmark, 90 percent; Norway, 51 percent; Japan, 
oxygen demand (BOD) has generally decreased since 33 percent; Ireland, 11.2 per cent (1980); and Greece, 0.5 
1970. BOD-a primary indicator of water quality-reveals percent (1980). •.
 
the presence of bacteria from untreated household sew
age and industrial organic wastes that consume the oxy- .United States ..
 
gen in water, destroying the water's ability to support

aquatic life. The lower the BOD, the cleaner the water. These national percentages provide only a rough estimate
 
Figure 8.4 shows how water quality has improved in of progress. For example, in the United States, 70 percent '
 

some of the rivers monitored from 1970 to 1983. France's of the population was served by waste water treatment
 
Seine River, for example, registered the most dramatic ' plants in 1983. But in 1984, the U.S. Environmental Pro
improvement, with a BOD value of 4 milligrams per liter ,i tection Agency (EPA) reported that out of a national total ' 

in 1983, down from 10 milligrams per liter in 1975. On , of 1.8 million stream-miles, water 'quality improvements ' 

the other hand, Japan's Yodo River and the Delaware -for only 47,000, stream-miles were reported by the states 
River in the United States showed slight increases (53). for 1972-82, compared to 11,000 that were degraded 

Figure 8.4' Water Quality: Biological Oxygen Demand (BOD) at Mouth of Selected Riversa 

(milligrams per liter) 
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fNotes: a Data refeirto1970. and 1983Mouth" refers toeither the mrouth or the dlownstream~1975,1980, frontier'at the nvrI~'444.&Source: Organisation torEconoimtc Co-operation and Development., The State of the Environimrent1985(OECD, Pans, jB)p 53 "' '--'S--' 
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Table 8.6 Population Served by- Waste Water Treatment:Plants, Selected OECD Countries, 1970-83, 
rlmary Only,, 	 ry~f ________ ______ 

~ , P~rir~ny So'condary a'd/cl Te taTtl! 	 vllf~inary and 

X X 130 130 X X 430 '4.0 X 49,0 560b 6.0
United StlesbO X 230 170 14.6 X 440 .	 530 55.5 X 67.0 70.0 70,1 ' <JapandO ' X X 160 23.0X X 	 300 33.0 160 230 300 33.0 '" New Zealand X 9,0 100 X X 47.0 49.0 X 520 56.0 59.0Austria 110 X '100 50 X 30.0 X 160 X 400 XBelgumh 0,0 00 0.0 X 3,8 5,5 22.9 3,X 8 5.5 22,9 X
Denmark' 31.9 29,0 X 20.0 22.4 41.6 X 70.0 '4 531 70.6 X , h0Finland) 5.0 3.0 0.0 0.0 22.0 4'.0 65.0 69.0 27.0 50.0 65.0 l0France X X 2.5 X .X X X 59.0 	 ) 40,0 , 61,5 ,'.-3.7

.Germany20.5 10.4 10.2 X 41.3 564 716 "' X 61,8 74.8 81.8 b4.0Greec~e .. X X 0.0 X X X 0.5 X X X. 0 5 'Ireland X 0.2 X " X X 11.0 X X X 11.2 X
llaY 8. ' X X X 60 X X X 140 X 30.0 X 
l, boug 
 X X 0,0 X X x X 75.0 X X X 76.0 83.0Netherlan X 80 7.0 7.0 .0) 37.0 6l0 65.0 X 45.0 68.0 72.0Norway 1.0 2.0 2.0 3.0 20.0 25.0 35.0 48.0 21,0 27.0 37.0 51.0Poiugalk 1.0 ,0 3.0 3.5 2 1 4,0 7,0 8.5 201 24.0 30.0 33.5Spain 	 7.0 8,8 X X 7.3 9.1 X X 14.3 17.9 XSweden n 120 4,0 1.0 2.0 66.0 94.0 98.0 98.0 78.0 98.0 99.0 100,0Switzerland X X 35,0 55.0 70.0X X 81.0 3F=I: 55.0 . 70.0 81.0United Kingdom0 ' X X X 7.0 X X X 76.0 *" X X . 83.0 

X0- not available. ' 
a- Sec.ondary treatment usually inclides primary tret.rmant topndnrfest 	 . . h.. " eonar sull idiesprmay re met ndreer 	 ary dee. . i x.. :,. . .:a I~amei 	 o waste slabdlization ponds. "rerutreatment refers to secondary treatment ith 19"75 to ,;. :. ":'i,phosphorus removal data refor 

1916.
b,. 1975 data refer o 1976. ' 
Q, 1983 data refer to 1982. 1983 data for the sicond category include 1 8 percent ot nondischarge treatment.d. 1963 data refer to 1981. " ."_ :
e Data for the svcond caiegory may incude data for primary Irealment only

f. 1970 data are Secretariat esimates, 
g.Estimated data. '. 

h 1080 data refer to 1979
i. 	1975 data refer to 1977. 

Networks serving fewer than 200 nhabitants are excluded Primary treatment is defined asmechanical secondary as biolcgca, and tertiary as combined chemii iologica tralmen .1983 data are Secretariatestimates. .,
1970 data refer to 1969. 1983 data are estimates 	 ' . ,. .. . 

n,Urban populaionr ne percentcl total populaion) Definoions: Primary treatment: removal of sediments or Tetiary. chemical and rologcat andSecoday chemical tgicaleatment
c;mpementary eatmeni.

0 England and Wales cn y jDefinitions Primary teatment removal ofcross soids S(, ndary, removal of organic material or bacteria under aerobic condtions.* Tertiary' removal of suspendedesodsolowing secondary treatment -
Source: Organisation forEconomic Cooperation and Development (OECD), OECD Environmental Data Compendium 1985 (OECD, Paris, 1985), p. 53.
 

over the same period. Water quality for another 296,000 planned. The Vistula, which wiids through some of '' stream-miles monit6red by the states remained about the Poland's most heavily industrialized 'regi6ns, was so badly 
same (56)..About 42 percent of U.S. streams are checked . 61luted in1978 that only 432 kilometers of its total
at least quarterly tnonitor possible changes inpolltition length of 1,068 kilometers was suitable even forindustrial'
 
levels The remaining 58 percent are considered generally ' use, The rest was 'so polluted as to be utterly. i.seless'K'. ',
 
free from, water quality problems' (57). EPA nonetheless ' The stretch' that runs through the historic city of Kiakow
 
'called this record "a major accomplishment" in view of. was reportedly devoid of biologicallife." Of the3.3 bil
the "substantial increases in population industry, and 1' lion cubic meters of sewage flowing into the r;er then,
development pressures" that took place during the ten-' t.only half received any form of tre'atment (60) (6).In 1980,,year period. The nation's population, for example, grew , the Polish Government initiated' a:pla. to ifbuild 188 'ew 
by 11 percent.'.' 	 ' ' purification plants to treat a total of 5.7 billion ubic' , 

EasternEurope 	 m--etersof domesticand industrial waste.' An6ther 200 
~ . EasternEurope ' . 'facilities with combined capacities of I billion m3 w..ill . T4 

Eastern European nations and the Soviet Union are only ., treat only. toxic industrial waste water.Accordig to 
now beginning to deal with severe municipal, and indus- , Poland's Institute for Shaping 'he Natural Environmentin
'trial pollution of their rivers and lakes. Water. pollution 'Katowie,'16 percent of the Vistilafand its tributaries will, 
data" from the Soviet Unionare still' hard to obtain A!-- ' attain first class quality and 45'percent second class sta-I
 
cording to a 1977 source,, however, threeqiarters of the tus by 2005. Only 3 percent is'expected to remain as i

effluents dumped into the Volga River were untreated. At polluted as before (62).

Volgograd, industrial wastes accounted for 10;percent of - Hunary'facsa different water pollution problem: 9 '
 

the river's average 'flow (58). Although an 'effort .was. percent' of 'its water supply 'originates outside its borders., J'

launched' to install treatment facilities along.the Volga, 
': 

' Although, Hungarys water denids from- the,Danube 
poor enforcement has reportedly undercut implementa River are increasing, theworst pollution sources have , 

{~ tion. Thus, as industrial water demand continues to grow, been eliminated, and the river is now Iof. higher, water ,'1 

.the river's quality isexpected t worsen by the turn of whe' it leaves Hungary than when it enters (63).'"quality, 

y of thewtri Polands.Viscula River,- on Balaton one of he larst bodies of freshwaterin
the. other.' hand, may significntly improve by he year Europe The lakes which has an average depth of only
'2005",if'the 'ambitious Vistula Prolgram is'carried out a's 3.1 meters, islatourist magnlet because-.of its sandy..>" 
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beaches and warm water. But during the past 25 years, Nigeria, the brewing, slaughtering, and sugar refining

the amount of nutrints-mailily lhosphorls and nitro- industries make little attempt to control eithei air or
 
gen from agriuulthrai runift--las increast'd hY a fact,,r of water polthants. C'offee wastes 
are the worst offenders ili
1(-2(0. ghovuernimuent is now trying, to conitrol tarmland Kenya, although the tanaing industry's organic wastes-
runoff into the lake 111ld its lrillutaries ;,1(l plans to build hair a:nd fats-and norganic residues of chromium and
 
tertiary treatn eit plants to reduce the phosphorus sulfide are also serious polltants (75). The r; pid urbaniz
intake o;.rI. ing trend in sub-Saharan Africa will only increase its cur-

Third World rent pollution prol)lems. While Moimhasa's human potpula-Third Worl tion isexpected t(o double by 19)6)i to (65,000 (from
Asia 32,(0 in 197.1). city wastes will more than triple (71;).

Water iollution ciiitrol is ;till either totally lacking or Likewise, in Dar es Salaam. where three quarters of all

grossly ii ade(jiate in nist Thi rd W';rld conintries.S; ome 'limzanian industrv is located. many sewage plnlping sta
ditaa re av;ilal)le, but IIeV t,( I to be aecldital r ther 
 tions have broken down from overloading. 3y one
than (o'rpretheilsive. China, for example, installed its first account, 127 factories are discharging untreated wastes
 
lnajor waste water treatineirt plant in Beijing ill1980, but into the city's sewers and rivers (771.
 
the fac 'ilit(v's ;5). \\'astecalacitv is already insufficient 


atsevey pollrutes 1(1',ii of the (outtrv's 78
p710 
 Latin America and the Caribbean
1ll(lliti'ird rive.S, but r'hiir is treatillg I ilv aIII estiniiated
 
2 lier'erlt of its total waste water I)atit floirl lztil resources are richest; its
j;,,. 198( America's water the world's 

show that .11of HIe .1-1 groorid- percent of the world's tomajor cities reling oii surface runoff accounts for :31 

water dIraw oil "o, nuin' of these tal. Yet here. too, most mnicipalities and industries are
ontamiatel supp'ies ar(i 

are. s.iriorisly po:,lluted' I,;). During the..sitill('r, untreated dischargii!
waste acounted for u6t)25 teree'!t of lth' their effluents virtually untreated (78). Mintluarreplur- ivig-lead, zinc, aid silver-is latin America's leading
jiartg Rier, Slatrh 's primar (Irijlkirig water source 
,;.. water pollution source, )articutlarly inthe AndearnhraRighout ast Asia. the counwastes from rapid idustriali- tries. Oil delosits iii the central AmazonztihA, Basin and in thethe rwoff tnrl irtrased is ofi rpstiindes 'r111 Andear foothills of Bolivia, Peru, and Ecuador constitutefertilizers, and excessiye wrter wilhdrawaIs are d.'stahiiz- anithcr major soiurce of p)1lh ti
ing the hydroxlogieal cycle l)estritlidraOf east 

ri. Three of Bolivia's

A ab,,, rivers are badly poiluted, as are 21 in Chile, 13 in Peru,r r e sincluding the Manitaro, and the l,aPlata River betweenwater reS( innrcs is re gi 'e s(i eiIhSi is r
 

eco'(logical threat. accordIing to N.I). laval, reflil)nal ri- Argertina 
and Uruguay (7'11. 
ci lo r't t international UInioIi for C)nservation of lAtin American cities, however, still have relatively 
Nature and Natural Resiiurces ,e!g). two thirds healthy drinking water despite tle growth of petrochemi-More thar 
of India's water resources are polluted, a orndition cal. cheniical, and cellulose industries. More than .400 
exacerbated by the growth of lnew industries that have urban waste water treatment plants have been installed, 
,lot installed waste treatment facilities. (Over the past but some operate inefficiently or not at all (0).Agricul
decade, for exai1eple lidia's pulp alld pap'r industrV-Oie tural 1pollution from pesticides, fertilizers, and soil erosion 
of tile country's major users anl polluters of water'- is expected to increase over the next two decades, partic
(luadrupled insize ,7"). ulariy as deforestation accelerates. 

In Malaysia, palri oil and rubber effluents, in additioni In the Caribbean Basin, water pollution is growing from 
to other industriial wastes and sewage, have caused 42 insufficient sewage treatment that has not kept ul) with 
rivers to be officially labeled (lead" (It). P'hilippines surface gains made in the supply of domestic water. The percent
water quality continues to deteriorate fri i nitreated or age of urban populations served by sewage systems 
inadeqtately treated sewage arnd industrial effluents. v'rries from virtually none in Haiti tr 31 percent in 
Donestic sewvrge '(Irstituites 0-7(0 percent t' Manila's Guateriala and to 69 percent in Trinidad (8). The 'egion'sDoasti eaTe rivte s 60-7pedrgentclrMt nitais~criticall~sigRiv e r. Th e r iv e r's d isso lve d pollution sourcesox y ge con te nt is w r f n r e include discharges from sugarn no) n i t l e i s h c a e i i h B i
3.1 milligrams per liter, the threshold at v,,''hich refineries ard es, hici haveaqIatic life distillei a high 130OD, lit 
begins to (lie U. I Banladesh rivers, fecal coliform bac- refineries in Trinidad and Tobagoand and the mud, aindus-toxrctries iii .anraica Guyana. Jamaica's, red oauxiteteria levels vary erraticall tr sumrner seisoinlie welteriteleves wiryterratically 11-01tile seauncolifor residue from bauxite irining, is pollutiig groundwater byto the drier winter intIs: . 1981, tie cliforri count increasing its sodiuni level (2). A slow-starting Regional 
on the Sitalakhya Rivr shifted from per 1002250 inil i- Seas strategy initiated y the United Nations Environment 
liters of water In July to :3,000 per 1001miilliliters (If storatme byo aiouigCrbea tetowater inDecember ,:. Untreated sewage inPakistan- Progranme is now focusing Caribbean Basin attention on

i 

which in some cases exceeds industrial wastes fourfold- correcting these problems (8:1).
is polluting both its urbai and rural areas. Frolii half to 
two thirds r f all illnesses inPakistan are related to such FOCUS ON: GROUNDWATER 
waterbOr¢rie diseases as typhoid, diarrhea, dysentery, and Not iuci is known about the availability and quality (f
infeCiio hiepatit is (7). iltheearth's groundwater except in Europe, parts of Africa 
Africa and North America, and small parts of Asia. Recent esti

,hates freshwater storedbetter off. In addition to raw sewage, agro- depth ofof 4,000 meters vary in geologic formationsAfrica is iii ronl 8.1 million km: toto 10.5 
industrial activities are a significant source of pollution. In 
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million knl. Although only about .l perccnt of these 

reserves takes part in the aver e year's hydrlIogical 
c'ch' ('so, tie laillet's ,i;, It(-rttwildwater is inlllnest' 

SoilRt'. III litlit iited Stttes. fr Illt'
t'Xcllili', "vIlilli(' (If 
grltilldwatr wit lhll it haillile (If the sUtrfice is tsti-
illatt(i to he four tilies that of the (Great Il k:es" 1,5).It 

equals thc aniouit oIf water discharged by the Mississippi 
Rivti (ilt() o)fMtexico ()\'t'i the past 20() years (s"G.tit' (!lilf 

litit, past 25 vears, the world legan to use more of" 


its .r(,ltdwattr. The (hine'se dug Ilion, than 2 million 

Noilh Plain ht e,n a 
IlIiimliI.lit' l lr of tilhe wells plr(Iifr.ratt'd frot, 
fewer than .))1) ill thelt195s to niore than 2 millionII 

fil)t, wells inltI'i etw lgbt();iit (.] (1,()8) . 

b, 
lilt late 19"((s o.'v In tilt' I'ilited iilw tt'rStat's. itr, 

w ithidawa ls have ilt eittse -iiiicc 195 5, ,"N
,(19 (0p erce n t 

half Owl n.Jthmi', dhinking v.aitr ctinis from llilt,ground,
 

'lt the watr 

(irnlldwat'r islilt' princiii Sllii)iltr 1If freshwater flor 

I)t'niiirk (vjlrts, anid Malta and is the sIle pj ider of 

drinking wat,,r f i1r0 tiore flIt of tihe t(ovns in 

,Ishs Illl,,it of klst.( ill irrigation 51)3. 

il jt'rce'.nt 
til' SoIvit't I llill 1o1).Illgt'lral. tlIIw%'ver l.lrIlt,'s 
ajitife rs providt i'ss usahit, water iet,than c(o(hitilent's 

T elltilt'slirlface witels. jut'lef' (If ronlliwater to sllrfact' 
fl()owsItiillllllg ill a countItry's hlrttrs v;aries frmn 2 in 

llld to 6, ill i lilnigry. I'ic figlirt's art' 7.6 t'ereilt ill 
ht, Iknih, Ikihii, 1It percent ill Iligiulii alll ('zecli-
shvakia, ;ill(i iniIlai lI'Jillse ()ftilis15 I)t'r(t' (ji). 
iilllitiltil n, lFuropt's groun(Itwvaler resoircs ctalll(t satisfy 
atdiiin(l ii' iniiis, al ieiarly all U.N. Fellnotlic ('i1-
mission for .lUlIN) ('I liltries wiln have to lllii with-
drawals to 1982 lewis 02. lIndet''i, tile )ro)o€rtion (If 
grl hlintwater ilsei fi.r drinking \watr is expectet ill 
decreas 31t) orcptut t)y te ye,'ar 210(00) ill I elgilll, (Czech-

slivakiai, [ iud, ;an( (;ilad;+. 


(Griutlilwat('r data for Iitin Anerica art 
 sparse. 
H avala, (Iilba, rI'lits tx']lisively ()Itailllost !{riulil(i\water, 
its1d1 tlhe arid regions of Argentina, Brazil, ('hile, Peru,
;ii(i Mexiol (Ij~i. I lowever, tlhllSalids of Andealcil tl-
Ilities inI Bolivia, ('olomlbia, ('ihle, Eulador, Plorii, aliii 
Veuezutela ht' always relied (Iii slrings fIr drinking 
water ali li i irrigating sinill larls. Estililates oif aniilli 
witilhdrawals ralgt' froi ;2 liilion cubit li'ters in 
Trinidad "ililbago tol i6.5 billion cubi' niteis ill 
Mt'xico il. (Ste 'blet' 8 7.) 

(er the past decade, droughls have lagued llore 
thail 20 African couitries, causiug fauiiie and p[li)tatihn 
iigrations. At hiie Saint lili, Africa i ppllilalt ins have 
expanded faster than aI i(titr parts (If the world. By 

i('ctlithry, Kenya's per capita supl)ply is 
exj)eotetd to shrink by half. Nigeria faces a '12 )cfcell. 

the clid (If he water 

:lil, a On 
haldl,the Afri'au t'ttinent is estimateil hold 21 per-
centlof tlhe l~ailt's froiudwater reserves 111;).Nevertlhe-
less, Int5 sill) ( (itl have 

re(ici Egypt 33 pertent decrease Otn. the (Ither 

-Sai1i'aiI AfitI i count riets In)t 
eiimlhill inforniation ablouit their grolntiwater hcatihins, 
recharge area<.s, aiid iwailail:eh. deve lop plans.illlles to 
Mali is t u rrently p)ro(ducing a gr'.ilndwlter survey with a 
$15 million ]1(11 frOlloi the i;nited Nationls -:liironiiit 
Programmle. The United Nations, whIli(h has publisied 
grtii"lvater coupendiuis on (thiler iegi(ioS (If the world, 

Table 8.7 Volune of Groundwater Extracted 

Annually and Numlber of Wells in Selected 
Countries of Latin America and the Caribbean 

Volume of 
Groundwater Number 

Country+ 
.... 

(millions of 
cubic meters) 

700 _ _ _ 

of Wells 
Drilled 
3I_00000 

.. , 00 X 
,t. ,1419 62501,685 

. nc,1,', X 

,!. i 
1?89 

1? 
11290 

X 

Noie,f.....' *Nt 

Source: , 
, .
 

is 111h' novw in the process (If repo<rting oil Africa and 
Asir Ill addition, the World Bank is financing a program 
to develop an efficient hiand pinip suitable for Third 
\World pr)luction and use that could allw better access 
tol grllldwatt'r iniAfrica's drought-stricketn areas (i7). 

A maj)r thirat to groundwater is tle practice of water 
liiliiu, tilt' inii iowl oi aquifer ahIig-tt'rili dra ()f at 

rate that exct't'(s its rt')ilishinnt. Bt'ijing's groundwater 
is beilg withdrawn four tillies faster tlan it is being 
rt'jipaced. Agricuiltlral luping il India's TlhinilNadu 
regioll has calised its water table io drop 25-310 meters in 
a decade. The ()gallala Aquifer, which underlies eight of 
the II.S. high plains states, is already partially depleted 
frm wells dulg for irrigatioln ( il). 
When tite grililndwater adjacent to coastal river sys

tenls is overdrawl, salt water iay intrude, creating an 
additional problem of polltion. Salt water intrusion has 
already oectirred in the Federal Republic of Germany, the 
Netherlands, the United Kingdom, the United States, 
Malta, India, I akistan, and Thailand. Tern percent of Thai
land is loW underlain by saline water. Bangkok's water 
table has dropped 25 meters since 1958 and is now 
declining at a rate of nearly 41 meters per year. Salt water 
is elncroaching inland at a rate of 500 nieters per year, 
c(ntamiilating shallow wells. As a result, the Thai 
Government has imlosed restrictions on new wells less 
hali 3010 ietetrs deep t!l!)). 
Groniildwater exhalistion can also lead to land 

su])sidence-the sinking of land surfaces caused by dep!e
lion of the groundwater below. Subsidence is a major 
problem in at lea,! 42 areas arotind the world according to 
the United Nations Educational Scientific and Cultural 
)rganization's Guidtebook to Studies of Land Subsidence. 

F(or exallle, intie San .oachimi Valley in California a 
6,200 sqtare kilometer area experienced subsidence of up 
to 9 meters from 193(0 t) 1975. In Mexico City all area of 
225 sqiare kilometers dropped l) to 9 meters from 1891 to 
1978 aIlit ill'Ikyo all area of 3,120 square kilometers 
dropped lipi to ,1.6 meters from 1918 to 1978. '1)( (orlii)at 
this problnem, i)ore than 20 counlries have initiated artifi
cial groundtlwater recharge prograls (li1o). 

'ollution, especially from synlthetic organic cheniicals, 
also threatens the world's vast supplies of groundwater. 
Groundwater quality varies naturally, depending on sUr
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rmnding .veoh~gy.itmay conitainl dissolvedI calciuntl, salts, elfec'tive Ileth,,ds ion rell,,wilig these cmntailnmts and 

trace iietals such as arsenic and selenium, id even radi- leeting new drinking water standards, the most desirable
Ojiliddes tl(11) l,'ecentl"vdeve.loped tthdihliqtues that perilit ,,avOf controlling igrotmdv,'ater ,'mitaiiiation is to pre

IIIeiasrt'i('iit Of ilimuscuht alinillits Oi toxics (to parts venit pJOlliillii at thet soue. (See (hapter 13, "Contrllirg
per billion) me.it()"%.r 1.,ern withl it HOW lazardmis Wa-stes: Th'le U[itnict ('haflhtl"Pt.:gOrV0t.1li..ts 


w' ---- . . . . 
effec('ts )ftrace t)LllsIll )stci nitIIsre 

(lilemi a: setting water (Ijualit' standlards hen the hIealtli -- . . . . . 

R' illI of llic ili 
unknown. lThie of quaimntitative RECENT DEVELOPMENTSscitenice risk assessmeit-
still in its infiuy-cmitinu's toihe ,'cOiti r ersial me). 
Sources of Lrom(ndwaitcr pilliitioii tliazard DESALINATION: THE INDUSTRY MATURESinclude is 

waste sites, seltic tanks. leakiiii, lIndergr(n11111d Sewer 1Iis. New desalination te'hlilOgies are emerging that promise 
uidergrmiiid letrfeim storage tanks. agricultmal ruoltft to revoltiionize the industry. As arid and semiarid re
cmitaining pesticides andil fertilizers, runoff from city gions face increasing water shIortages, desalination will 
streets allot highways that iicludes dcl-iciill salts. Iii(lef'- becone Ia increasingly inllOrtailt i,,ltion. Further, as 

the ltiicijal anI indls- freshwater is affected h,4riitid aol suirfaot lines, a1( more bIy lmm!, drained irrigation 
trial pollltants affecting suirface, wt'rs that ctmilect to projects, liew adI(] chealer ,hesalilationl tecluiologies hlld 
il(ltif(rs pi. for restoring freshwater quality. Attention islromnise 

Nitrates. l)rin1iariV fIO fertilizers. are becoming a seri- focused on the recently developed reverse OSlmosis (R() 
OtS (Irinking water politanit, and as the use of fertilizers systems, which use a membrane that allows water 
spreads througho ut thil' this developed c(141- to psIsS througli ulnder )ressriie but block mostThird World. 1no'cule, 
try affliction iav l)e(' tI a wirltlWi(h, l)rOblemI, althllogh (lissolVed Orgilis 111d il.Iirgaili's. 'hiese systems can 
llitrate tropical elimates uI)1U. reducc the salt comicemitrationheacllimg isless serious ill Ill oif brackish water 9(-95 
the I niuid States, ( perceit ()f iire than 12-1,0(0(t wells l)ercent and that Of sea water lore than 99 lercent. By 
sampled inl 1981 excee'd(ed(litE (n.iking water limit early 1985, about 51110milliom gallons (1.8 )illion liters) 
of 1lillilligraills per liter of water fOr nitrates. Somie 20 per day of R() capacity had beetl built, of which onrly 
percelt ()fthe wlls surveed had iNaxilltIm IlitrIte- 5657 million liters per day of capacity was ill the arid 
n1itr4igeil culceiltratioils "reater than 3 milligrams per Middle Last (1). 'l'lTe most Colllml)l desalinizatioll pro(
liter, warraniting ci itililcd mlolitoriiig (ir(1). Nitrate p)4llt- ess currently ill use-multistage flash distillation (MSF)
tioll is alsO a ill call deliver higher quality freshwater with a salt conceniigrowing l)rObleni s(Ille IItilu Anleric;i, 
cities like Buenos Aires and So Paulo), l)rimarily bccu,.e tration (If Only 10 l)arts per million. However, MSF plants 
(f nitrate leaching from stirouni(liig farmland i1to wells re(luire about twice the energy of R() plants. 
S1Pl)l)yiIIgcities. 1985, tile )world'stotal desalting capacity hadtIIleS, By 

Volatile organic c(lIl)otillds, suchtas tricilorocethylene reached 2.6 billion gallons a day (9.8 billion liters)loi). 
l(41 IC)sta hi uSe hI0I ill world oil prices, which has depressed(TCI), a COlnO ll ce LIsed ill Idcleaners Despite tile (ro) 

.oid industrial dtgreasait s. have beeil contarlinating tile inarket for desalination equipment. tie "confidence 
aquifers in North America and parts Of Eurl pe for years. level to deliver increasingly economical desalinatiol 
'ITE is now the primary organic cIl(tailliiant ,ifFlbOrida's 'bille theplants coIltin tiues to igrw" {115). 8.8 shows that 
Key Biscayn e Aluifer )c'a use of its commom use for Middle East and NoIrth Africa accournt for 69 percent, and 
cleaning se)tic -inks in soLthern Florida tlu, (1(71. the United States 12 percent. or 300 milfion gallans a day 

In .lte 1986, the U.S. Environmental hotectioii (1.1billion liters). 
Agency announced t tathird (of t he nationii's 79,00.0) The U.S. figure will increase significantly whenl the 
mostly steel underground fuel tanks pr; bably leak be- Yuma Des11ting F'lant iii Arizona begins to Operate at full 
caIIsC Of strnctural defects Or corrosion. Althou gh the U.S. cal)acity iI 1989, adding another 72 million gallons (272 
(('1regress requiredI EFPA I day ''lhe tofiberglass construction in 1981, milliri liters; (i). plant is designed help 
samplhd 133 tanks aid concluded that fiberglass was no fulfill the U.S. treaty obligatiors to deliver toIMexico 1.3 
safer thaI steel (5si. Najoir oIll companiies had previotsly millioni acre-feet of Colorado) River vater annally with 
estimated that no m(re than 5 percellt of the unde1r- an average salinity content no higher thanl 115 miligrams 
ground tanks leaked. per liter of water over tfe anmual average salinity of 

lI the United States, 58 pCrceIt Of allhazardous wastes water arriving at Imperial Dam near Ymuma. The \'u ma 
are disposed of ly injection into dee Ip wells, and 10 lper- )laint, whitkh vas 60 percent coml)1eted ly mid-1986, will 
cent are dis)I sed of iii landfills aiid surface inol)otin(- use+reverse ostmosis. The invx/estment cost will be $3 per 

iciuts 1(i'n. isIlazarmuis waste nmv infiltrating the 
grliundvi,'ar at half the 2.(100 abandoled waste sites that Table 8.8 World Desafinati C 
retltiire cle llt ld Program (1I)P.tllder tile FP'; SUperf 

Millions of PercentageA (-(tlgi-ii-sslt1,il~ the sites discov- Region Liters per Day of Total(,0)n1nittee inlvestigatin 

ered that iill\'V wcre i tltbeing monitoredi as reluired 1 . .! (III. 

Al EPA survey if .1(66 rando~mly sampled utilities sui- , ,, 

plying drinking water found that water from 22 l)ercent -" .
 
of tlhem con taited detectil)le leve!s of vlolatile organic Total 6,812 100
 

chei 'icals AlthI cIltiltine t find(cost- Sou,ce: . . .
(112). itghi efforts 
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gallon per day or $792 per cubic nieter per day of installed 
Capacity (117). 

This cost coumpares favoiralbly with successful I185 
installation bids around the world. ', .lapaliese collipa-
nies (Susakura and Mitsui) cmiitracted to Iuil(d eight mill-
tistage flash dlistillation units in Kuwait to generate
208()00 culiic nieters a day at an investment ('ost If 
$I,0f0l meter per (la\. Water Services iofper cubic 
America, a U.S. companiy, is building a t .)()-clhic-
Ineter-)t-day reverse osmosis plant ill ('ura,'ao to desilli-
nate at $1,020 per cubic meter a day. I lydratiautics, 
another U.S. companv, was low bid(er ($3)))) lr cutbic 
ieter per day) to construct a reverse oismosis sy'stci. 

using brackish water in FlIglewood, Florida. li 'imil 
Nadt,, India, however, a smaller 5-cubic-meter-per-day, 
brackisli-water reverse osmosis plant will he built Ihy 
l3harat I leavy Ilectricals at a cost (if $1.57) per cubic 
meter per day ()finstalh'd capacity disc. 

Still, soturce alter lilt ives such as treltitng and reusinlg 
vwa ter a-nldtranls[)miting it lhypipe m-raqu.edc~tt ite mll(re
(list e.ffetive than (lesailinatiou ill iiaiv ii stailc.',. 

Regardles; of how efficient watei treatrlieit Ibccones, 
its applicaitio nifor dririkiig water will h,. limited I) puhlic 
attitudes and, ill tih Islaiuic world. Iv religiiius restric-
tions. liig water pipelines coitint, to le laid, even il 
the Middle East and North Africa. I.ilhva is curreitlyv
buildilig its $3.3 hillion "(reat Manmnade River:1 which 
will transfer groundwater frm the cuitry's barrei 
soiuthern interior to its%1editVrrauieaII (a'Ostil l)0i)ulatiIMs 
1 llII. 

I)esalirati on, Ihwever, will cin tinLie t e oprctil 
si rEva)1pfraive and litlie ltenolies ire aire 

(bistly. Evaporati e and nembrare tecnahinologiesiraavail-
ahler at sredictialeh costs. sternational ciipetiti n among 
Sapl)liers is idwreasing a situaeisi that willr act ti keep 
'a italI ists ( iw\i.M",enibrr ie (Isigii iriye ,.iits 
hrdwarc refiiieints have significantly cut eiiergy needs, 

aiid they .re expected to cotinue todoso. But capital 
and operating costs are still eyo d the reach oifmost oil .w 

in) ting Third World ciuntries, and ina y develolping 
countries lack the skilled operators needed tI rt the 
si lhistio ted( '1jIiiilent (21. 

GREAT LAKES: BILATERAL WAR ON TOXICS 

The 'lixic Substallces ('inthl Agreement, approved by 
eight U.S. stat(s ;Iliid two Canadian provinces in 1986, 
pledges "to cintinte redUCi g t0XiCS inthe Great ILkikes 
Basiln to the maximum extenit possille:' It is the third 
recent international agreement affecting Great I akes 
water (l1iulily, followiig a 1985 Great Likes charter, 
which deals with new water diversions, and a 1986) bai 
m (oil ttrilliHig (121). T110 toxic sulstaiiice agreemecnt hans 

As part (if tlihe Il(xic Substance's (ontrol Agreeentwn,
 
Caiiadia l1iirmminental Minister Thomas MNcMillan and
 

llntal 
NI. Thonas signld ,iiagrtcenwit inMay 198) for ti' 
redu(tioin of toxic loadings into the Niagara River and 
l;ke ()ntario. A soal was set to lower loadings of toxic 
cl'eficals 5) lerceut )' 1995. IliFelbruary 1985, the 
eight I.S. states aniid tw ('alladiall i)r vi'ices borderinig 
tie (h,,at IlAks signed the Great ILikes Charter. lcy 
agreed to coionsult each other cooncerning any major pro
posal involving intrabasill diversion )rtUnsumption. The 
charter was two y'ears in the making (122). Treaties involv
ilig I.s. and Canadian boundary waters all fall under the 
purview of the pcrillulliet liternatiolIi,'l Joint Comis
sion, founded ill 190)9. (Sc' ('hapter 12, "Policies and 

1 .1. Flvirolwi IProtecth n ..\genicy Adminiistrator IAe 

Institutions.') 

WATER MARKETS: THE DEBATE GROWS 
li the United States, water markethig-using eco
nomuic forces to affect tlie available water supply-iswest 
,e talk scaircity," tIt,gioverlior (If ('loruado wryly 

liliserves. yet we have set our largest iities in the 
deserts, and then have insisted (iisurrolnding ourselves 
with Kentucky I)luegrass. ()ur words are those (f the 
Sahara DIeserl; our policies are thonse of the Anazon 
River" I2). How the niited States experimntllS with 
water pricing and market structures will iffer other coun
tries facing similar l)roblems a test tube view of employ
in g miiarket forces to allocate scarce water. 

'nvironmeital e'()onists have reco)ginized the need to 
value water o re in order to coniserve it. They contend 
thalt big users if water w(uld rapidly install water-saving 
devices, roire water would be reused, and fewer costly 
dis wowi-uld be needed to impound vater if there were 
an open market for water 112.1). Earlier U.S. studies 
showed that water is price elastic and that ilie use of 

at ei iL'te rs ('ii i1i1 c li i](nnest it' ,'Iler util isan 

beirL1 !iscuSScd illtIn ari',d with increasing urgency. 

Wa ('(ilis 
much as 15 percenut 12.5h Studies of an electric power 
plant's demand fur coling water showed that as the 
)rice iicreased fro n abut one ce nt per 1,(000 gallons 

(3,700 liters) to five cents pir 1.00() gallons, water use 

dropl)ed from 50 gallons per kiloiwatt hour (kWhj of 
energy generated in once-thrugh cooling to 01.8 gallons 
per kwh in a cooling tiiwer. Thus a fivefold )rice 
increase led to it fiftyfold reduction ii water use (12hi). 

Changing conditioms in the Un ited Staes-i)opulation
shifts, declin ing grioniLndwater supplies and quality, and 
less government willingness to finance major interbasin 
water transfers-are forciig changes in the way water is 
heing allocited ati used. 'American laws, institutions, 
and cttltUre continue to reflect the naive belief that water 

the reduction of pIllution comntrol stanidards to (1CiUrii.Cg SU)Illies ca I he cxlpailed iIndefinitely-while the cMhal
economic developmenit, estlablishes a ciiordinated contril 
plan for Ioxic discharges, asks for an oiverall planIto 
re(lce, recycle, anid treat hiazardo us waste safely by .la ii-i 
a ry 31, (987,requLiirCs tit' notificatiin of other states )'r 
)rovinc('s of accidental Itoxic discharges. and standardizes 
pricedtires for dlescribing fish cintamination and identify-
in.g toxic effects oi liiiniinIhealth and wildlife. 

lenge of the future will be learning to live with less:' the 
Frk sliwater Foun dation of Minneapolis, Minesota, stated 
in a s)cia repiort on water values and narkets (127). 
Those economists who advocate water markets prefer 

to compare water to oil and minerals. "Until sone pat
tern is agreed Llloil that permits economic and market 
firces to be the prime elemient in the allocation and use 
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of water contends iiimas C. Campbell proessor of the watefrom such suppliers 'is canal companies, irriga. 

:.economics atVrginia Commonwealth Universty'iwaste tion districts, and ndividual farmers who purchased 
andother inefficient uses are nevital(128). On the excess storage from thae f..deralgoveIrnment as insurance 

' 

othe'r hlianidWilliamison-B?-C -Chiig,-associate-professor.-, 2-- agaiiIst- anotoher drught.(l30) The rental arrangement 
of law at the University of Hawaii, argues against treatinIg allows agricultural water use to be shifted to generate 
water as a commodity.' "Freshwater~ issimply too impor- power without the owners losing their water rights under 
tatto be given over to free marketfores:' he says (129). 

. 

the prior appropriation doctrine of "use it or lose it" that,
Chang notesthat on the island of rOahu, with a popula- governs waterrightsi ntie w 'etrn'United States. 
tion of 800,000, the two biggest groundwater usersare ln'May 1986, Congressman George Miller f California 
the municipal water system and the sugar industry. He introduced a bill to establish a "water exchange" iii 
fears that thle sugar industry, would 'exploit thle market northern California to allow San Joaquin Valley farmers
approach to the further detriment of 'food production, cit-. beset ith seleniuni-tainted agricultural drainage to sell 
ing thle demise of Hawaii's rice industry as at case in their water rights to the state's thirsty, cities in the south. 
point. 	

' 

The bill would set aside 75 percent of the "profits" to'
Idahoadministers one of 

' 

the first water market experi-. deal with the polluted drainage problem, thus resolving 
ments in the United States. The Idaho Snake River Water another water-market issuepreventing owners of subsi-
Bank wasinitiated after a severe drought in 1977 to rent dized water from reaping windfall profits by selling cheap 
excess water impounded by four U.S. Bureau of Reclama- government-provided water (131):
 
tion projects. The Idaho Power Company rents most of
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9. Oceans and Coasts
 

The United Nations Envionmnent Programme (UNEP) pro-
claimed that the world's oceans were in relatively good 
health in 1982, but it still raised some warning flags. 
Although the oceans' capacity to absorb humanity's cast-
offs seems flimitless-nore than two thirds of ih earth's 
surface is s;alt water-a number of coastal regions are 
suffering from serious pollution problems. Due in large 
measure to the tremevidous amount of research that has 
taken place since the Stockholm Conference on the 
Human E'nvironiivnt id year!; ago, scientists know much 
more about the environmental effects of a whole range 
of pollutants on marine life. Many coastal states also have 
a better idea of where their own pollution "hot spots" 
are and what measures they cani take to reduce the risks 
to marine life and human health. 

The world community, however, still has a considerable 
burden to bear in reducing marine pollution. Oil pollution 
of the world's seas seems to be on the increase, particu-
larly along tanker routes, despite concerted control 
efforts. Persistent toxic substances, like PCBs and DIJ:-
although banned throughout much of the industrialized 
North by the late 1970s-continue to show up in fish, 
shellfish, and marine mnamnials in measurable quantities. 
Further, a new generation of poisons, like the organo-
halogens, pose daunting challenges for marine scientists, 
resource managers, and decisionmnakers. 

]'here are more disturbing trends. Whereas the oceans 
continue to yield up their bounties for human 
consumption-total fish catches are still on the increase, 
although per capita consumption is decreasing-estuaries 

and other coastal wetlands, which provide nurseries for 
roughly two thirds of all fish caught, are under increasing 
development pressures throughout much of the world. 
And, of course, coastal waters are the ocean areas most 
affecled by lami -bdsed soorce Af poilut;,. 

With the declaration of 200-mile Exclusive Economic 
Zmoes (EFs)by virtually all coastal countries, the "high 
seas" have been reduced by around 30 percent (see 
World Resources 1986, pp. 143-145). Coastal developing 
countries, which now control some of the richest fishing 
grounds. are embroiled in disputes between artisanal 
(traditional) fisheimen and their morc mechanized coun
terparts. Meanwhile, national fleets are often outcompeted 
for fish, even within their own EEZs, by more efficient 
international fleets. Resource conflicts, in turn, put 
increasing pressures on existing stocks of economically 
valuab!e fish and shellfish. 

One promising development is the increase in the 
amount of both freshwater and marine organisms culti
vated and farmed for the table. Aquaculture is becoming 
a multimillion-dollar industry, accounting for nearly 11 
percent of the total take of fish, shellfish, and plants 
(principally kelp and seaweed) in 1984. If this momentum 
can be maintained, cultured species may provide a mar
gin of safety, mnaking tip the shortfall in captured fisheries 
that is beimng predicted for the turn of the century. 

Since 1970, international conventions and 
agreements-like those inaugurated in the Baltic and 
Mediterranean Seas-have been established to control or 
limit the amount of pollution, regulate shipping, provide 
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for a sustainable harvest of marine life, and geneially
husband marine resources. Such arrangements caii pro-
vide the best means of protecting the oceans, if they are 
given re gulatory teCti aid efective cifolrcteuit 

CONDITIONS AND TRENDS 

FOCUS ON: MARINE POLLUTION 

Like the atinospih,.re, oceans mix and transport pollutants
over great distances. This point was recently underscored 
tby thie detectioin of esiui-37 in thle Arctic Ocean aid 

f lead in i [peil-ocean surface layers (11. l)atterns of'T'he 
ocean pollution, ho wever, are not easy to study, let alone 
Itiodel or iiap.

'The seas are on the receiving end uf tbillioiis of tons ofsociescatoffs:ilhetaritcivinyendfrom thelinscharof osocie y' s c astof f s : p ol lua nt s m a in ly fro rn t he di s c h a rg e of 
innicipal sewage and industrial waste fron i point sioirces 
and runoff from lpesticides and fertilize's fron noipoiit 
sources: pollutaits from shipping and offshore drillingoperations ('ainly oil);
toxic or hazardos waste duted
at sea, including radioactive waste; and iverse 


atmospheric and eriestrial inputs; frc 1 both anthropo-atigenc an r res iAltnhpughfr asilpoin
tile. tciiatoral ii l rc Alt ia siablei tn i l 

e ttal llutio i d reaching the seas is frmarshes 
si rces- for example, tie high inercury content if the 
western Mediterranean is thought ti) be due, inpart, to 
natural weathering processes acting on local rocks and 
soils-human activities have had serious and perhaps 
!ong-term effects on vulnerale niarine ecosystems incer-
taill regions. 

So far little is known ao aiouits t duntsut the if poill 
ilnthe open ocean or their effects oi marine organisnis. 
Knowledge of marine pollutioni aind its effects comes 
mainly from laboratory studies or site-specific work car-
"ied out in nearshore waters. ()f necessity, pollutiom loads 
are based on estimates of discharges from known and 
(juantifialle sources. But because many sources of poIl-

tion are neither known nor qtantifiable, total estimates of 
l)ollutants entering tle marine environment tend to be
rather crude. Even for seas bordering on countries with 
highly developed statistical reporting systems, the data 
are relatively poor; for seas situated largely in the 
developing world. pollution data are practically nonexist-
ent, with tileexception of a few regions including China, 
India, East Africa, and parts of the Caribbean. 

Despite the fact that the United Nations Environnent 
Programme (UNEP) )ronounced the "water planet" to be 
in relatively good health in 1982 (2),there is concern that 
the world's ocean,,; continue to be used, indiscriminately, 
as waste bins. And since the worst effects of pollution are 
concentrated along coastlines-where a substantial por-
tion of the global ppulation resides-nonitoring the 
health of coastal ecosystems is an ongoing endeavor 

throughout much of the developed world, particularly

within the nations of the Organisation for Econonic Co-

operation and [)evelopment (OECD). 

Though tile overall picture of ocean pollution is 
sketchy, it appears that Oil pollution is on the increase, 
with the worst affected areas inthe Caribbean, Mediterra-

nean, and Red Seas, tile west coast of Africa, the Ara
ban iGulf,
much of the coastline of the Indian ()cean, 
and a substantial portion of [ie "Asian Mediterranean:' 
which stretches from the Fast Asian seas surrounding
Indonesia north into the South China Sea and east to the 
Philippines. Levels of )1)T and lPC Bs, on the other hand, 
appear to be decrevaing, at least for some ()ECD coun
tries. This improvelint is otfset, however, by a general
increase in toxic )olIUtaiits, esl)ecially heavy metals, intilesediments and biomass of certain heavily polluted 
regional seas (e.g., the Baltic, North and Mediterranean 
Seas).
 

Lan(-Based Sources of Pollution 

Lnd-based pollutants often have severe effects on coastala n re o c s . R u h y 1 , 0maritie resources. Roughly IIlJ) c b i kl m t r s fcubic kilometers of 

freshwater flow from rivers and streams into the oceans 
each year, carrying with them some 20 billion metrictols of suspende(d matter and dissolved salts, includingles:s well-deteriniiied amounts of metal and organic con

taininants {:). low levels, these pollutants areEveii atofOten toxic to the larval stages of fish, crustaceans, and
mollusks found in salt marsh nurseries. In addition to 

are irectly
eistro ed bydra by t et pa offllin m 

de draiing aid filling to pernit expansion of 
agricultural and industrial activities and construction of 
subdivisions and resorts. The increased amount of sus
pended sediments in nearshore waters caused by harbor 
dredginig and construction can kill valuable seagrass beds 
and smother coral reefs. Further, dredge spoils from po,luted harbnors often contain high levels of heavy metals 
and other toxic substances that have settled out of the 
water. When dumped near coasts, dredge spoils can 
release these oxic contaminants, causing the formation 
of "dead sea" areas. In addition, tile discharge of munici
pal sewage alog with industrial wastes can result inseri

ous hazards to marine life as well as to humain popula
tions. 

Municipal Effluents 

Municipal effluents are one of the principal sources of 
chronic pollution of the marine environment, and there is 
evidence that the discharge of these pollutants is increas
ing, particularly in the Third World. But even in rela
tively developed regions, sewage and industrial effluents 
are often pumped into the ocean untreated. The amount 
of organic matter discharged into the Mediterranean 
every year has a biological oxygen demand (BOD) of 
roughly 3.3 million metric tons (4). (1OD is a water qual
ity measure that indicates the amount of oxygen con
simed by bacteria in the process of breaking down 
organic matter. Thus bacteria uscd .3million metric tons 
of oxygen to break down the amount of organic matter 
discharged into the Mediterranean.) Only am estimated 30 
percent of the discharge is treated in some way before 
being pumped into coastal waters (5t.

A large proportion of sewage is organic matter and 
nutrients, in addition to numerous microorganisms (bacte
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ria and viruses) and parasitic ,'ris. I urge ailltioiits Of ized regions of the world. (PCBs are still used extensively
 
untreated Sewa.ge ill coastal waters greatlv increase tit' ill the Third World.) Generally speaking, the highest
 
Utri,'tflitClitL'ilt of the' Wate', (AVestifiiilatiig plall levels of I'VB residues ill iuariie organisms occur near
 

groN,,II anlod bloonis that, ill large urban., industrialized areas. In relatively unpolluted
creatilg algal turn, deplete 

the water of oxygen. esplecially When the lilalits h gillto waters, PCB values of less thall 0.1 micrograms per kilo
decav. This process is calle(d ",'trophicatiol." lirelativelv grain wet weight are obs-rved. [however where there 
are
 
eillwyed water-s where water rne,,al is slow (e.g.. ]a- large inputs oIf PC, s;. 1 microgram
residues well ab)ove 
gol ns, nilangiove swalilps, ,e'reeks. bays. estuaries), the less per kilogram wet weight (about I part per billion, or
 
ot (Ixy,:I cal impvcrish th lelill (e1%,ir(iiiiieiit. Sew- ppb) have been found in fish, and levels itshigh as 30k)
 
age front urb;n ulld ili(lustri;d ;l i as caiC t'nail pc- milligrams per kiiogram (300 parts per million, or ppm)

troluui hydr carl-thons auif ',('v have been found in extractable fat in fish (8).IhI ilt',tals tliUs a1h1(st (0t This figure
 
other chemicals. is well above 5 pp i, the level ('onsideretiddi itious for
 

Ili extreme cases, such as the (entral Baltic Sea, liu ui conisuml)tionI by the o.o.
Iod and l)rug Adminis
dep)sited orgaiiic 1u,1terial 0lo),1g with toxic siilst,11ices traIl (').
 
can lead to anoxic coiiditiins (total lack (If oxygen) oi pollution are distiurl)ing: PilBs tend
Ikvo aspects of PU't.B 
the bottom iiind ill the iuiitIie(liatc overl,,ying water iavers to IlioacculmUlate illthle food chain, alnd they are long 
Then the bottom-dwellil onrsoaisils may be reduiced to lived. Moiiitorilig studies carlied OUt ii North America 
a few types (If wOfriMs Cal)a h. of tolkratiiig such coudi- and Europe sugge'st that, evei ii areas like Scandi
tionls (see "Re giolial Ses: The Baltic'' IbelwV). iiavia--where I'CH3 are iow baniied-tht rate (if disap-
Near laigiurban centers where niass,.; (f raw sewage pearalie is extr('r lv slow (1o). One exception isthe I. S. 

anod other Muiiicipal are ,l'al"lOt east coast, where ,;cientists have observed a generaleffluents diiiltd. 1,: 
Spots" Of )ollution are created. ['or ()1'II ) countries, thtse decrease iii PCI, concentrations ii mussels (i1). 
areas iinclude: Athenis, Barcelona, Venice. Marseilles. New lCBs have a cumlulative toxic eff'ct: organisms ex
illrk, Siai l'rancisc, , Sydney, aid 'Ii kyo (;i. l)espite soiie )osed to IlB coniceintratioins over a long perio.d are 

clealluli attemlits. the harbors and rielirshore waters (f more likely to die thani are orgainisms exposed to the 
virtually every lilaj(r port city ini the Third \Vorld are same coincentrations for shorter periods. UNE reports 
po(lltted with nuJtri'ated sewage and industrial discharge.s that the lethal dose 'I.D50) for different ('ohorts of rain
(,fsuiie kind. bow trout vary from 38 micrograms per liter up to :326 

N11111ipi: filthi have local effects (Il Micrograms per liter for a tel-day exposure, but wheni its etitierally 
marine farni intreated sew- the exp)sure isextended to 2(1days, the [.D50 rangesiaaind flIra. ILirge '!!lllluits Of 
age aid other urban wastes duliped into coiastal estu- from only 61 to 19 micrograms per liter (the ID)50 isthe 
aries and salt marshes can contamiiatc shellfish beds, lethal dose that kills half the test animals) (12). The longer 
particularly those of lilter marilne organisis are exposed to lCBs, even insmallfeeders like clais, iussels, anid 

oysters. These shellfish conceitrate Iateria aid vi rtses, quantities, the greater the risks. 
aiswell as toxic iietals and or,anocilorines, front sewage Marne organisims, including fish, take up PCBs from 
while feedinig. IItliai cinsumption of contamin ated water and food. Several effects have been (ibserved in 
shellfish exposed to untlreated sewage caii lead to li' ati- the lalhoraltory, 1ligh concentrations of PCBs are fatal; 
tisand itlher viral diseases, respiratory infections, and, lower levels retard growth, interfere with reproduction, 
more co(iniiily, gastrIenteritis (-0. and render the organism more susceptible to stress and 
PCIs and DDI': Persistent Toxic Pollutants disease, Low-level PCB contamination inthe Baltic and 

North Seas has reportedly resulted inpoor reproductive 
The most toxic chemicals are often the least biodegrada- successes and even spontaneous abortions in harbor, gray, 
ble. They consist nainly of persistent hydrocarbons and and ringed seals (t:g. PCI3s are also found in Baltic her
halogenated organic colmpounds like polychlorinated rings, in Antarctic penguins, and even in Pacific whales, 
biphenyls (PCbs), DI)I}chlorinated hydrocarbons, aldrin, evidence of their widespread presence in the marine 
and dieldrin, and heavy inetals like mercury, cadmium, envirolment. 
and lead. These compouinds are discharged into the sea IT is one of the best known of the toxic synthetic 
by industries or leached from farm fields along coasts or organic chemicals. DIll" and its main metabolites (DDD 
are drained intol oceans from river basins like the Missis- and D[)E) are relatively stable under ambient conditions, 
sippi in North Aneri:a and tihe Rhone nd Rhine Rivers are highly lipophilic (nonsoluble in water), and are resis
inEurope. (See Chapter 8,"Freshwater.") talt to breakdown. On a global scale, DIT has been the 

'Ivo chemicals inpartic, dlar-(1Bs amid DIO btIh most extensively used pesticide; in 1974 world production 
organochlorines--are knuown to have srious and long- ughly 60,0(00 metric Like PCBs, resireached rou tonis (t). 
term effects on ocean biomass. dues of DI' are found inrain water inpristine environ-
PCBs were used extensively inelectrical transformers inents, inAntarctic siiow, and insoils and lakes far from 

and condensers, among other applications, until tile late where it is used. 
1970s, and, as a result of improper disposal, their tUnder laboratory conditions, the lethal concentration of 
residues are widespread ill surface waters and inthe but- DUIE for zooplankton begins at 0.01 micrograms per liter 
tom sediments of regionai seas located inthe industrial- of water; for fish (including fry) at 0.1 micrograms per 
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liter, and for pihvtopiankton, crustaceans, mid mollusks at 
co centratio s ah ve I iticrogrant per liter 

Resitues of I)1' illfish) miiscle fronti c -Itstalat(tasrange front 0.(01 to, 11)iilligr-ais pct kilograin \etpplil),weigrot (or- t.o1-10 clisiderahl kigler than 

; sies foud i the same species of fish take froti (iceal ion cf ). S(il ixasic are;is if fis t aleven fi t 

wIorld regularly hi;titl in fish with I)IT levels abfove h(worldfe~ uawhch,.'in lvels bove tdlimit, h wit rediblesafe limit, which, accordinig to the US. ooligrsd Drug
Adiittistratioti, slioul. nI exe ( 5 illigrams per kilo-
extent and seveiTo11 cotlailnitlation: HO)l f edible fish 
atid shellfish is available, 

The widespr;d i of both I('Bs and I)IYI was cur-
hi'l:cki oy it late 197 lsillmost of the ihldustiializcd 
Notlo..\s a resolt, coiiceiitratiots (if btfh suibstaicis i 
estuaries alot coastal waters along the North Atlantic allt 
Iltcific have shon -,hw (tio'wlarda treid (with the 
exceptio:, of the California coast of the United Slatcs, 
where levels il inussels i're still hih, and lthroughout t he 
hllti(: Sea1, whereuc h oflittlvtit(,ifdn'eloiugift,,/reduction) is evidenlt). ButthaolghtL o ,(l, Iti'ularl i 
t gtin industrial and aricultural appliciations.OfAontrict, 
these two rganchhorius is irl r shlg (IS). 

Plastics 
The seas are becottnim increasingly littered with persist-
(etit solids especally plastics. Ii genteral, ]ost plastics 
coite to the na'arile .iv iro(ientt from sea-based garbage 
disposalI and dlnt pil lg. stitt ak-s of the ocea is' total load 
of plastics have vet to be made, biut it is kiovwn that 
approximately l imillion ietric tons of shii)board litter 
are tossed into the world's seas every year frOinit l1iritial 
tnarititIeC) erations altid more that 5 million plastic cio-
tainers are tirniwii overbard each day w1).According to 
tie ,U.S. Natimal Academy of Sciences, commercial fisher-
meti duitp more thatn 22,0)0 tetric tots of plastic pack-
agiug into the sea and lose or discard about 136,000 
metric tons of plastic nets, lines, at(Ibiays every year
(20)) 21). Further, polyethylene tind I)olypropylente packing 
pellets have beei fotid in densities as high is 1,000-
4,000 per square kilometer oii the surface of Ihe North 
Atlantic, South Atlantic, atd Pacific Oceans (22). 

Because plastic is not readily b oket, down by hatural 
processes, it tends to accunulate itt the oceats. There is
mounting concern that plastic debris is becomfing aitet-

ace toinarine lilfe antid in Sotie cases to 
 iarine transpor
tation. Marine miainmals and birds often ingest plastic, 

mistakitg it for food, or they become tangled ii )lastic

netting or other debrs and die. lit soie areas, ships' 

propellers run afoul Of llastic fishinkti lines and nets. A 

recent study of liysan albatross chicks and wedge-tailea 

shearwaters oi Midway Island in the I'acific fottd 
 )lastic
debris in the digestive systems of 90 percent of the 
chicks o,,served (23). It is estimated that p tii 1Imillion 
seabirds and approximately (10,00(0 cetaceans at id seals 
die each year because of tplastic pollution (21). With pIas-
tic production doulbliig every 12 years or so, the amtout 
of litter in the oceans cal be lxpected to increase. 

Heavy Metals 
Follow ing it widl, pulicize d icide tit ) Min iata a . 

ait, it 'I: s, iidwhichJapani iu teh 1950s al 196(e 1,385 villageriin 9 (sa 1l;, whc ,8 ilgers
suffered liercury poisoning and 6,19 died from eating fish 

shellfish ctaminated by dustrial ischarges of 
iercttrV (25) (26), increased attentiin has been given to 
ititoring the concentratiois of certain toxic metals in

fislh and shellfish. '1day, scientists are concernedabout a ranqe of toxi2 netals and other chemical con
taininants, ut routine monitoring is usually carried out 

only fo11f terctly, lead, copper, aiil cadmim. Generally, 
when itercury levels in e(ihle fish exceed 1 milligram 
per kilogram (1 ppi) in Europe and North America, a 
liii otll (OtS~il)tioli levelsOHinii is imposed. Mercury 
have frequetttly exceeded I ppm ii North Sea herring 
over the past several decades, prompting Danish and Brit
ish authorities to impose bans from tite to time. 

Little is known about [le concentrations of lead il fish, 
but average levels in the range of 0.1-0.4 Inilligrams per 
kilogram ((.1-0. I 1)1)1n) have been reported (27). In 1972joint Uniled Nations lod att( Agriculture ()rganiza- a 
tion/World IHealth (Organization expert committee made 

proisional recoampindaiios that adults ingest no more 
than 3 uilligruns (3 plni) of lead per week (2),S.Hlowever, 

ino national governtment has set health standards for leadin fish.
 
Mining operations are another source of toxic metal
 

contamintion f the marine environment. The Fal Estun
ary in lnIgland, for example, has hlg been the reposi
tory of large amnounts of copper and zinc front nearby 
Inile tailings; elevated levels of copper have turned up in 
the Rio Titito Estutary in Spain (as high as 165 milligrams 
per kilogram wet weight in oysters, or 16' ppln); and 
nercury concentratios of tip to 47 ppin have been 
noted itt the sediments aling the southern coast of Tus
cany, Italy, at( in the northern part of the Gulf of Trieste 
(29). 

It the United States, high levels of heavy metals have 
b)een recorded in New York and New Haven harbors (31).
Along the French Mediterranean coast, mercury concen
trations as high as 300 micrograms per kilogram (300

ppb) and cadmiun levels reaching upwards of 1,000
 
micrograms per kilogram (1,000 ppb, or 1 ppm) have
 
been found in mussels {:3i).
 

Oil Pollution of the World's Oceans 

UNEIP reports that every year somewhere between 2 and 
20 million metric tons of oil are discharged into the 
world's oceans from both land- and sea-based operations 
(:32). OECD, ot the other hand, estimates the total at 
roughly 3.5 million metric tons a year from all sources 
(:31. Scientific consensus narrows the figure to between 3 
and 6 million metric tons per year (,). Even with the 
lower OIEX-D estimate, at least I metric ton is spilled or 
dumped for every 1,000 metric tons extracted (35).

According to ()EC), oil pollution of the seas is nearly 
evenly divided between land- and sea-based sources. (See 
'lhble 9.1.) Many experts disagree, however; claiming that 
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Table:91 Sources of Oil Pollution of the Sea' noted inmore than 10 pernt~of the
during the thre-year survey. Taken VasT aggregte,-

L-,L _________2Ziion"Metr obtnseas-had-visible.oilslicks,--ZM tuallnytheentire- sur ace 
Source- Tons, per Year' a'a- pulodom ~i iu;d ' ~oh- ''~' 

-g a~Sea-based (52%).
Maritime transport , . ': . 14 Other areaswith a high percentage of surface slicks 
"Nonaccidental. 108 i ala panclude:rt of theCaribbean,mostof the'coast'' 
Accidenta >''. 04of Brazil, almost tile entire west coastrof Africa, the-eastProduction platforms 0.05 Arc rmazna~rht~uhtiA~ba~

Natural seeps, erosion 030 coast of Afri n Tanzania north hrough the Arabian' 
Land-based (48 )
Municipal, industrial wastes, ru fo 1.40 Gulf to the Indian subcontinent, anda substantial section 
Atmosoheric 0,30 of the "Asian Mediteiranean'" from Malaysia',through the ~ 
Total Sucef 1Pluoftee:' 3.54 

__ 

lndonesian' archipelago to the South China Sea and' vest 
Sourc: J. MacNedi; s of01 Poijuvon ofthe Sea. Problems and Solutions,"AMBIQ Vout to the Philippines In many cases, oil pollution coincidied

13,No, 4 (1984), p 230; and JM. Baker. impact ODi sources' * ,Pd4ution on L vin The "* ,,.
nentalist Supplement 4(International Un'on for Conservaton 


Resources, Geneva, 1983),p~6 Gulf to Europe' and Japan. (Sec Figure 19.1.),
 
'IWo interesting results emer~e from thle MAPMOPP 

up to 90 percent of the oil may come from land-based rreys when examining total 'oil pollution, rather than 
sources (36). just surface oil slicks. First, the North Atlantic isnot 

Ermo(rw of Nature and Natural with the major tanker lanes running from the Arabian 

' 

The main source of marine-based oil pollution is ship- nearly so polluted with oil as was previously believed (41).
ping, as shown in Table 9.1. Of the roughly 1.5 million MAPMOPP researchers calculated the concentration of tar 
metric tons of oil discharged into the sea from shipp~ing in the North.'Atlantic at '4.4 milligrams pert square 'meter, 
operations every year the' bulk of it (1.1 million metric' ' mostly along the tanker lanes. Using these data, they" 
tons) is not accidental; only about 400,000 metric tons e di c p ail residues 
results frurm tanker accidents (37). Thle major sources' of onl the surface of the North Atlantic at 15,000-20000':
oil pollution 'are virtually unnoticed by the public; it is ' metric tons: A'second discovery was the fact that the' " 

the tanker accidentsand platform spills that make the Indian Ocean is perhaps the most oil-fouled body of salt 
headlines and focus regulatory attention on oil pollution. water in the world. For tile Indian Ocean as a: whole the 
(See World. Resources 1986, p.315.) '' ' ' MAPMOPP data contained few values below 10 micro-

As the amount of oil entering the marine environment grais per liter, and some values exceeded 300 micro
increases, so too does the price tag. The 'total cost o grams per liter (42). In the southwestern part of the 
damages from accidental spills ard deliberate discharges Indian Ocean,' a se'ction of sea stretchiig along the East 
from tankers worldwide is around $500 million a year African coast from Somalia to South Africa is known to 
(38),This figure includes damages p b h- be'b'dly pllte wth olsicks and petroleum residues 

paness ellas quntfialelc ,ses of nearshore fisher- In one sense,'this' is'th'e'fast lane,of the world's oil high-'~r
ies, particularly maricultured species like clams, oytes 

' 

" a.O n ie aa etmtd24tnesps 
an kel. -0 hrough these waters,"carrying 475 million metric tons of 

oil a year from the Middle East to:Europe and North and 
MAPMOPP Surveys Ocean Pollution -"uth'America. The amount of oil discharged by tankers 

* ;: [1; :' ; ; : , '.:'* ; :" ' ' :7 :... .and other: ships Sahling through the region, just from... ' ' nor-.
With the blessings of the U.N. General Assembly theanoteshpsair hrghhe'gi,'utfomomal operations, has been estimated at 33,440 metric tons
International Oceanographic Commission and the United a year excluding oil spills from tanker accidents and 
Nations World Meteorological Organization 'joined forces. sources (43).''other 

ftofrm the Integrated Global Ocean Station System, 
which put:'together the Marine Pollution Monitoring P~ilot 
Project (MAPMOPP). That' comprehensive global survey, of 

''' 

ithe world's oceans, carried out from 1975 toi1978. "..".' There is no doubt that marine organisms absorb oil or 
included nearly 100,000. visu'alobservations of the sea' that it can be lethal, but there is little.convincing evi 
surface to detect floating polltants(39). "dence for its bioaccumulationToxicif is largely , ' 

The results confirmed 'the fact that surface' contamina- a aronatic hydrocarbon fracio' ofoil, 
tion, iithe form of slicks' and 'floating tar m pa ' hrsmsth rcl rbon 'fi"', 

valent along .and near major tanker routes (see Figure nents are!n'ost toxic'
 
9.1) and that concentrations of dissolved/dispersed petro- Oil slicks, at sea can kill or adversely affect zoopiarik-


VT 'residues in the microgram perliter. range wI"'leum ere pres ton, including planktonic, species .of cop'epo'4'as 'ellas' 
ent almost everywhere at a depth3 of one meter in the the planktoiiic eggs and larvae o6f fish 'Andbeithic'inver-' 
water colum~in (40). tebrates (44) Shellfish are u usceptibe to oil''t'd" 

As' a' result of the prodigious amount of data nerted because they spendmuchoftheir, ife cyclesin''poll6tion, 

by MAPMOPP, it isnow possible to map oil p6llu'ho~ of' nearshore waters and estuaries where spilled oil oftn
 
the world's oceans and seas in, a general way.'TSurpris accumulates, and they cannot digest ordegrade"

ingly Baltic and North Serasboth highly'polluted petrochemicalhydrocarbonsethe When aSwedish coastal'
 

Sregiongs do~not have as' much chronic oilpollutioniasdo tanker sank' III nautical mi16g off te Baltic island of "'' 

4~'~33the Mediteiraneanid Red 3Seas where oil slicks were; Olai'd, spilling , modest 300, metric tons of oil,'sm6,60j 

'~ ~' U3":3:~Vy3 ~,~+ )'j"f "ddRuuC,' 3' t ~"7~9 3'~'7

"~ " '29 

'' 

';" 
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Figure 9.1 liocation of Visible Oil Slicks, larly 1980s 

V 

7 

TA.X 

tons of coastal marine organistis. mostly mollusks and 
crustaceans, were killed immnediately (17). 

Likewise, (lil-eveti inl sinai! (Ii ses-catl he fatal ti 
mari ne mainitnal mi at i a ) t s. Itt Fehir nary 1969 , whetn 
tanker discharged lt00-200t nmetric toils of biunker oil into 
tie Duitchl Wadde n Sea, .10(,00011( killed ,sealbird s we re 
mostly eider ducks anid coi min sci tetsi(;).
ceta rie imatmtowsd e alirats, i esecially lI)te!)It is known that water-so)luible a roii tc IhydIrioca rbonsh enaIutnIundIredlge spils. inindusi WiSt e, sludge from sewage ySoalv nin o 9 2 n w rtfe treat
cal hie lethal to( adllt t at ii i s ill tel atIively loiw ci ice nIra-
tions (I-O0 akt oil per million parts (if water) as well 
as to tle tmlore seisitiv'e liareva stagestl atreventlower Coltti
ctiewratiotis (I.I-I lin) sta.Apparetitly cruistaceats iii( 
rowersaredithreillit se anietimi o i tton ally

Dgtchcorhie el toat iii seansii as il lli sally Ici
lsitly t'atetide rateis ns at ding iWasteiev als 

1bitalves~t ar Itdraitel tenlit' dig at
irvaeI, lt'voels1t-100 Ii thehatheirs arva)l a(ll.tdU1I ylirtical 

i i 
ll 

ccu b I ll tooncent at nacs toelit0'ine-low a Iit-
Caon oife lwithon i iniianol)er iistevere ife-it 

a iettire lava anditivetioe 
 asse of s asellfih 
enrtirelal 
 d jren le o stall hll 

Dumping and Incineration of Wastes at Sea 

Several developed countries-Canada, the Uhited States, 
New inealad Belgiun, Detmark, France, ti t Federal wCliss 

Republic of Germany, the Nethrlances, ad the United 

.
 

......
 

Kingdom-routinely dump thousands of tons of wastes at 
sea every year. (See Fig!ure 9.2.) Although there is no 
itite rnational agreement onl dlumping nontoxic wastes, the 

it timloti Doump in g Conventioin of 1972 (now ratiftied by 58 
counitries) was formed to regulate the dumping of hazard
otis at id tiox ic wastes at sea. 

Four maini types of waste are currently dumped at sea: 

in t planiits, and radlioact ive waste. All of them canl con
taighaza ledoissubstances.)
 

Dumping of Dredge Spoils 

I redige spoils are dsually at fairly near the
 
ilst. This one soice accOIInntS for the lion's share 


u- deutped sea 

of 
du,.m
peill tsea. (See Figure 9.2.) In 1979, for exam-

Ile, thle Un ited States duimp~ed (67A'mill ion metric tons of
dredge spoils into the sea, as olpsed to 8.7 milliotrmet
nc tins of other wastes ). Thew reasoin for this massive 
amount of dredging an dumping is that harbor.; and
chaiiels nitist ne kept clear foir ocean-going traffic. T'he 

iproblemis that dredge spoils often contain high levels of 
tixic contamninanits, particularly CIT3s, DDT hydrocarbons, 
and heavy imetals that have settled (oit if the water. In1979, when U.S. officials discovered high concentrations 
of in dredge spoils fromn New York harbor, they sus

eided d tpntredg permnits ntil the disposal problem could 
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be solved (50). However, no long-term option has beep This kind of dumping, can severely affect the marine 

identified, and in 1985, authorities simply prohibited the environment, but damage is usually confined to particular
 
d.... . areas: In the New-York and New -Jersey blghts,-for exam
lumping of dredge spoils within 12 nautical miles of the-, 

'Coast (51). A similar problem paralyzed Hamburg, West , pie, mutant and crippled fish are common. Fishermen 
Germany, when high levels of dioxin were discovered in, routinely report catching fish lacking fins and tails (55).
 
a waste dump situated near the harbo. Researchers sus- , ,..
 

pected that dioxin had been carried into the harbor by e Sewage Sludge .. . . 
the Elbe River, which flows through heavily industrialized Only two countries' currently dump significant quantities
 
areas. (52) . ... . of sewage sludge 
atsea the United States and the United
 
Liqu idWastesrand '' S :Kingdom., (See Figure 9.2.) Sludge from urban industrial'
' Industria Ludg 

..
Liquid Wastes 	and Industrial... .areas often contains heavy metals like mercury, cadmium, 
There is some evidence that the discharge of industrial and lead as well as an abundance of organic' and inor
wasteinto the ocean is growing, particularly as managers ganic matter. The environmental effects of' the sludge are 
of larcd-based disposal sites become increasingly reluctant ' well known; in enclosed areas it ,generally results in A. 
to be responsible for. treating and disposing of highly ''eutrophicaton of the waters used as a dump site
toxic industrial waste products (53). Figure 9.2 indicates creating a dUcad sea area where virtually no marine life 
that the United States, France, the Federal Republic of can survive (e.g., parts of the New.Jersey bight). 
Germany, Ireland, and the United Kingdom dump sub
stantial quantities of industrial waste at sea. Incineration of Toxic Waste at Sea 

Industrial waste includes chemical residues covering a As costs increase for proper land-based disposal of toxic 
wide rage of 'organic and inorganic substances, residues waste, incinerating toxic chemicals at sea is being consid
from milk processing plants, sludge and debris from mi- ered as an alternative for industries and municipalities.
ing operations, waste from plants producing phosphogyp- Sea-based incinerators are used to dispose of organohalo' 

sum, and prdutinsmin some casessre 	 geen compoun(54) residues from titanium dioxide . . opuds and other 'chemicais that can b~e :i: ::::-: 
production (54). 
 destroyed by high temperature combustion. 

_______...._____________"____ _ :At present, only the Netherlands, France,'the Federali 
Figure 9.2 Industrial Waste, Sewage Sludge, . Republic of Germany, and the'United Kingdom regularly A 

and Dredge Spoils Dumped at Sea, 1981 incinerate hazardous chemical wastes at sea; nearly all of 
_ _ _ __ _ _ _ _ 	 it is' handled by two incineration vessels operating in the 

North Sea. Incineration" began in1969 and the amount of 
waste now disposed of in"this manner totals around0 10 	 20 30 40 so 90,000100,000 metric tons a year (56) ' .. 

Canada "'So far,: little information is available on the environmen
tal effects of this type of disposal. However, mounting

United Slates 	 -, < 7J . concern has'led the signatory nations to the Oslo Con

<New. Zealand 	 vention (which regulates dumping in the North Sea) to
 
consider a total ban on incinerating toxic'chemicals in
 

Belgium 	 "-" the North Sea. (F more information on incineatin
 
Denmark v--. , .highly toxic wastes at sea, see Chapter 13, "Controlling


Hazardous Wastes. The Unmet Challenge:')''
 
France' 

Germany 	 Radioactive Waste 

Ireland 	 During the past two decades, four European countries
the United Kingdom, Belgium, the Netherlands, and . ' 

'-Switerland-haveNetherlands 	 dumped low-level radioactive, waste in 
an area of the Atlantic Ocean off the coast of Spain at 	aSpain depth of .4,000 meters (57). The amount dumped between 

United
Kingdor 	 and 1982 remained roughly the same every year,'1967 

but the' radiactivity level of the waste increased as the 
....' , - . waste at'the' site accumulated. The radioactivity 'levels for 

the alpha and beta-gaima emitters (58)-which totaled,
ndustrat respctivel,250 carie ann' 600 curies in 1967reache Id 

Sewage Studge ' 1,428 curies and 49,539 curies (59')respectively by'1982 
SDredgesp0i ' '-.	(60). The more dangerous types of radiation (beta and 

gamma), comprise the" bulk 'of the radio'active emissions at 
So-rce: Ogansior tor Economic Co-operaion and Deveopment (OECD),Th eo 93tl 	 of'a 	 illustrates, thei accumulated,atmissnitte..'
 
Ewonsrtdt 	 Paris 9 m5eOECD o85), amOuntof'F 

I,.' 	 '"" - radioactive wsedm dinthe 'ocean by all OECD < 

- ' I - Wodd Resources 1907~ -
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__...............__............................._........___-_7 
 =
' Coastal wetlands' are among hthe most productive: .Figure 9.3' Accumulation of Nuclear Waste ecosystems, o.nearth:(Se Box 9.1) Mangrove forest salt ,a 6-3
Dum e i.. .......
 marshes and estuaries produce avast amount-ofa;ganwc -',- " -"' "' 
-D.mpeaSematerial that i als or eedst he productivity of most 

'Gross terrestrial communitiesof comparable size including'culWeight Approximative RadioactivityIons .... ........... ... .. ..... t..(housand curies),...vated land (See Table 9.2) The fecundity of tidal
,:,',.,.
(,etro );t , (thousand cur ies . . <'' ..marshes is a result of the interface between land an 
- : :' : 1000 sea. As dissolved organic and inorganic nutrients and' 

'' /4detrital material enter the marsh estuary frminflowing
80,000 800 

" 

6 rivers and streams, they are. met by a wedge of salt' 
Swater pushed along the botto by the incoming tide. 

760,000 -00 The mixing of these nutrient-rich waters is the basis~for a 
/ 600 diverse food chain capable of 'supportinrg a' host of. near/ 4F shore marine life, including thelarval and juvenile stages 

40,000- ~400l of commercially importantfihadsels.
-Metric Ol Swaplnd include not onyte yrs swamps of 

t. 2000'Ton the southern United States, the Melaleuca swamps of0*00020,00 -wo, .00200 Papua New Guinea, and the mangrove forests of the 
0. Cu s I I. L tropics but also? the reed swamps of North and South 

1967 1969 I I I I t 0 
. 

1971 1973 1975 1977 979 198 1983 . America,characteristicEurope,of manyand AustraliaAfrican wetlandsand the (63).papyrusCoastalswamps 0~ 

swamps dominate more than 25 percent of Indonesia: Y3r 
..Note: Incudes al types ofroaalor________................._________________OED 
 ,sro., ...
Source: Organisaion fr Economic Coopormon and Oevolopren! (OEC), TheSl of the .. 20 'mllo wapland 'and Kahimaintan. Ppercent of Sumatra is coastal Swam .....'i.. • ...t.n....' :,<

Environmen. f985 (OECD. Paris1985)p 7 has an estimated 20millon hectares of swamp, more ' ., 
*. than half of it peat soils (64). ' 

Mangrove~s'wamplands are particularly important>
countries grew from about 20,000 metric tons in 1967 to because they are the primary source of inorganic andmore" than 90,000 metric tons in 198 \and the accumu- , organic compounds for tropical estuarine fisheries and ''".<i
lated radioactivity 'now amounts' to niac'e than I 'million they suppc)rt commercially' valuable species of nearshore 
curies. adshellfish 'as wellThese swamplands dominate at 

'' 

'fin-

Dumping radioactive waste in the' sea isan emotional " least 75 percent of l-ow-lying tropical coastlines with fresh
issue in the~OECD countries. ,Because "of. public concern, drainage. An' estimated 24 million hectares of man-,~''water 

signatories' to, the~London Dumping 'Convenition 'temporar- "grove forests cover 'intertidal, lagoonal,. and riverine flat-
~~~ily ~halted 'ocean disposal of low-level radioactive wastes'" 

" 

lands 'globally reaching' their' greatest extent along the">~
in"1983,' pending 'scientific reviews of the risks. The' coasts. of South and 'Southeast Asia, Africa; anid Souith
moratorium will probably remain in"'effect until comple- America (65). "Approximately 20, perce nt of the world's 

" 

tion" 'of important risk-related environmental stujdies (For.' total mandrove 'area borders 'the Sunda Shelf region en
further information, see World Reore 1986; pp. closed' by Vietnam, Thailand, Malaysia, Sumatra, Java,~" '~ 

152-153.) 'and - ,'' Borneo (66). Indonesia alone has an estimated 2.2 ' 

.- ''Table "~-'w. 9.2 Comparative Productivityof Selected 
1Y&ASTIAL WETLANDS AND ESTUARIES 

' 

Oga,7 'caEfbonerschd,8.fmlTTer Ecosyytems)
Estuarirrersn;h~~ ~ ~~ clgclcu-4~~Gross"7$Etaiewetlands, which rersn ~ ~ ~ Aie < Average NeV . 

.h'eeooia op Ecotype r.> > Primarylprod ucto'n J', ~tPrImaryProductlon'ling of land and sea water, are often associated with 'Mangrove Forest8 
2,300-5,110 

">y 
X ,.deltas, marshes, and mangrove forests. The dominant fea- Marine Grass Beds . ' 4,650 2.500


tueof estuarine 'eco'systems is their salinity, which is CgraI Reef-' 4,200' 2,500 '
 

governed by the' tides and the amount of freshwater run- Salt marsh (U.S.) - X 2,000

of rmthe laiidThemixing*of and salt 'water, Oncenfresh 1.500
Estuaries X''

Open Oca
"culdwith the'~ 'of 'substrate or bottoms con'-,position Upwetting' Zones1 360X 
125 

(e.g., Peruvian C t 3"(i.e', mud, 'peat,, or sanmd), influen'ces the various types of alRciswt sseaS )ulton teretra ie ::- Su ar Cane Fietds runoff, ' 650501es-tarine, Wetland' commuilitnities. "' ' ' Cutivated Landand esu Estuas ,lands" .'3,565: 15 0 -lesas> -347':',
' Frhwate, brackish water, and, salinewetlands occupy Gr,"' .anrestimated 6 percent1 of' the world's land surface from 'Taata' ' 
<''--the, tundra, to the tropics (61). 'However, no,'reliable est- aorceivswtsao ersnt"uretwo'- ~ -~~~-''~~~~~mates~~~~1toaLceto osa etad suI-of the n ewis, "Processes of Organic Production on Coral Reefs, Bioogcal RaifvsVo.52&,Jaisare 'available on glblbs (62) eifr. 2.AE. L~ug aindSCa (oare lblbs -Frmr S aker "The Ecology of Mangroves, Annual Review or Ecologic& .'no- Syem Vol 5 (1974). pp 39f64r:'"~"~--'~-m"ioon freshwater Wetlands 'see Chapter' 6, "Wildlife,,. 3.SC Snedaler and MS. Brown,:Water Qua' ~"~ w,!13 . . .. t 1 ',-'andHabtat~an "'.~n anC' ,'":Chpie '1 Us Environmental Protecion'Agecyc; Environmenta Pesearch Laboratory,, GullBreeze, 6d, 

TabIe,18.2,) 4.~-'....'"", '..Ec.ogyR.H Wfhrtaker andGE.4,(1973),Llikens,ppeds,,''The Priar ino eopee"Hm', " " Vol 1,No 299"36 P r-rd i ,1 
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Box 9.1 Turning the Tide in the Chesapeake Bay 	 . 

The'Chesapeake Bay on the U.S east coast, ''" The vari6us government units displaed an .from a miinipal tiiitmet plant. And some 
one of the richest estuaries in the world, has extraordina y degree of cooperation in discharge permits. are being rewritten. Accord
long been amarvel of productivity. The establishing and funding cleanup programs. ' ing toEPA Administrator Lee M,Thomas,
314-kilometer-long estuary isfed by 150 One of the states involved-Pennsylvania-does tighter permnt requirements should force 
rivers, creeks, and streams that drain avast . not even border on the bay but it earmarked Bethlehem ,teel Corporation, one of the bay's
watershed of 165,760 square kilometers (iaIt $2million to control erosion of soil carrying biggest polluters, to reduce its discharge 95,
harbors about 200 species of fish and shellfish pesticide and fertilizer residues from its rolling percent by June' 1987. He said the company
and 2,700 species of other aquatic animals farmlands down the Susquehanna River and in- ha. spent some $25 million in recent years to
and plants (2).It is edged by 201,540 hectares to the bay i8).Over the next three years, . meet increasingly strict permit requirements (i . 
of wetlands (3)that attract tens of thousands numerous committees were appointed, After three years of effort, the states and 
of waterfowl during fall migrations. assessments made, and progranis initiated. the federal government have created an. 

The Chesapeake supports a nationally impor- .About $100 million was spent toward improving infrastructure for bay clean-up, but they have 
tant commercial fishery, It is the largest blue water quality in the bay (91. ' not yet effected any improvement in water 
crab producer in the world and the largest Several progranis-'especially those aimed at quality. Nevertheless, people involved in bay
single source of oysters in the United States (4). controlling runoff or "nonpoint source poliu- cleanup remain optimistic in the 1985 annual 
The bay is important for recreation (especially tion'-were truly innovative. The Chesapeake " report, Chesapeake Bay Foundat;on,Chairman ' 
boating and sport fishing), industry, and ship- Bay Foundation, a nonprofit citizen's 'group Godfrey Rockefeller wrote: "On ont. and we 
ping for the 14 million people who live nearby. with 40,000.members, set up a model fahi, have a Bay with serious problems tobe 
It has two major ports, Baltimore on the north on donated property to experiment with mini- solved. On the other hand, we have an 
and Norfolk/Pbrtsmouth on the south. Other' mum tillage practices that redluce erosion. The aroused citizenry that is determined to save 
cities in its drainage basin include Washington experimental plots are worked by foundation the Bay. We are proud to be a major force in 
D.C.; Annapolis, Maryland, and Richmond, staff and farmers who make themselves avail- the process"1(17).
 
Virginia. able to explain the techniques to other local
 

As one might expect, increasing development farmers, government officials, and students Il)). References and Notes 
and population pressures have taken a severe To control runoff from rapidly expanding . 
!611.In the late 1970s; watermen noticed suburban development along the 'waterfront, . U.S.Environmental Protection Agency 
declines in the catches of rockfish (striped bass) Maryland boldly put strict controls on valua- (EPA), Chiesapeake Bay Progra: Findings 
and oysters. Rockfish commercial catches fell ble waterfront property limiting the density of and Recomendations (EPA, Washington, 
from 2,608 metric tons in 1970 to 272 metric new development within 1,000 feet of the D.C., 1983), p 5. 
tons in 1983, Oyster harvests fluctuated, but shoreline. About $7.5 million of the annual Protection Agency2.U, Environmental ' 

they dropped by 50 percent in'the past 20 $10 million contributed by the federal govern- (EPA), Chesapeake Bay Program,
 
years (5). ' . . ' ment for a four-year period for bay cleanup Chiesapeake: An Environmental Fact
 

In 1983, a major study by the U.S. En- ' was allocated to programs to control runoff (it). Sheet (EPA, Annapolis, Maryland, April
 
vironmental Protection Agency (EPA)-seven Meanwhile, however, industries and munlci- 1985).
 
years in the making, at acost of $27 million- pal sewage plants continued to discharge 0 .t. 1, p,16.
. ci 
concluded that the bay was in a decline caused thousands of tons of sewage and toxic wastes 4.Lee M.Thomas, 'Can We Save the Chesa
by pollution and that immediate action should into the bay,' often in violation of their,dis- ' . peake Bay?" Sunday News Journal (July
be taken to reverse the trend.The study found charge permits under the 14-year-old Clean . 13, 1986, Wilmington, Delaware), p.HI,. 
an'overabundance of both nutrients (mainly.::: Water Act. A Washington Post investigation of . 5.Maryland Department of Natural Resources, 

.	 nitrogen and phosphorus) and toxic chemicals. 124 .of these ." oint sources" of pollution' '. . Fisheries Division,' Chesapeake Bay' '
 

Most of the nitrogen,came froni runoff from revealed that every one of them had exceeded Landings and Dockside Value 1962-1984
 
farms and urban and suburban development,' 'its legal levels of discharge for one or more (Maryland Department of Natural Resources,
 
most of the phoslhorus came from municipal pollutants. During the study period-July .1983 ' An'
Ainapolis, Maryland, 1985).

effluents (sewage) and industrial wastes (6),High through June 1985-Maryland and Virginia'' e o
6.Op cit.. 1,p 29.'' 
concetit rations of toxic organic compounds and officials had rarely' punished the violators (12). 7.Chesapeake Executive Council, First 
heavy metals were found in the sediments near More than 2,641 facilities hold permits to Annual Progress Report under the Chesa
industrial areas, mainly along the bay's major discharge into the bay or the tidal portion of . peake Bay Agreemhent (Washington, D.C.,. 
riv L..,tensive beds of submerged aquatic its major tributaries (3). The total discharge . 1985), p 1 ' 
vegetation that once served as food for water- from Maryland and Virginia sources amounts 8.Ibid., p 8. 
fowl 'and nurserygrounds for fish and shellfish to 15 trillion liters of wastewater per year--' 9.Rodney A.Coggin, Public Affairs'Director, 
larvae had virtually disappeared inmany areas about one fifth the amount of water in tr!, ' 'Chesapeake Bay Foundation, Annapolis,
due to pollutionand sedimentation.. bay at any given time 1 " 1986 (personal communication),. 'Maryland, 

The'study recommended that the federal The permit program does check some - 10. Ibid.' 
government and the'states in the Chesapeake major polluters. During 1985, for example, 13 1'. Op cit. 4. 
watershed form abasin-wide plan to control the facilities had such significant'violations that 12. Victoria Churchville, "The Poisoning of the 
flow of pollutants'into the bay.InDecember' ' they were dealt with by EPA rather than by ' Chesapeake Bay;' The Washington Post 
1983-just three months after the study was.' the states, but by the end of the year. all had - (June 1,.1986,'Washington,. D.C.), p 1
published-the governors of Virginia, Maryland,. "returned to compliance' (is). >. % -. ' 13; Joseph Galda, Chief. Water Permits Branch, 
and Pensylvania, the mayor of the District of Both EPA and citizen watchdog groups' ' Water Management Division, U.S Environ-' 
Columbia, the EPA administrator, and the '. agree, howev'er, that many of the permits . mental Protection Agency, Region Il', 
Chesapeake'Bay Commission sponsored a two- ''allow the discharge of'too much waste; some Baltimore, Maryland, 1986 (personal
day conference attended by 700 people to' . ' were based on historical'discharge rates or ' ' communication). 
discuss the study, By the end of the meetings, were written before identificationof toxic 1 . Op cit. 14, p. 1. 
the sponsors had signed an agreement to' .' chemicals was required. Discharge oftoxins 15.,Op cit.'13. 
create a Chesapeake Eecutive Council pf high-' by sewage treatment plants may be reduced, 1 6. Op cit. 4. 
raInking oficils to ".assess and oversee the im- by a'new requirement that makes citi' and 17, Chesapeake Bay Foundation 1985 Annual
 
plementation ofcoordinated plans to improve towns responsible for ensuring that allhazard- Report (Chesapeake Bay Foundation,
 
and protect the water quality and living ' ':.".. ous waste is pretreated-either at the' source ' n.'npolis, Maryland,
nai 1985), p 2.
 
resources of the Chesapeake Bay"(7). or by the municipality-before it is discharged
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Oceans and Coasts 

million hectares of mangroves. (tier countries with vast 
mangrove area;S inlu)lde razil (2.5 million hectares), .\us-
tralia (1.2 millioin hitar nds), (973,0(0 bectares)ait! Nigeria 

Peat i t s-includiii) fresiwatc'r oi.s-covei all (,ti-
ijiated a(11)5 millioi hectares worldwide, occurrilig ill al; 
colntineiits fro1m the higiPh latitudes of th N,)rtlerll Ilelii-
sphere t(o iarsh aid swaiillilds asstciattd with !ropicai 
coastal fhoodplaiiis. Althoiu'll~ it isli)t p)ssible to say 
what perceitage of this illilnlis, fi.,ure is f(oun1d alontg
coiasts, some( 75 lercelit of all tropical peat soils bor(er 
the western, sluthril, iiid etasteri 'Nthellities of ih(
South (hilla ;ea. k',it hogs are also tYpicill ()f(Oilst,'i
aleaS inlVester) Futne., the kiiniihalka i'eoiisula in the 
USSR, so)uthern (hihe, southwest Nv'w Zealand, and it. 
,,\utarcth'lsislns (1;!)). 

l)elti f!ood)lains aV (orMed Wiieii Iar.,e fiiigers (f river 
sedin),iit mix with stedimieits from the ,c'all. ()ii of the 
greatest cmnistal d(eltas ill world of tilethe is the area 
Smiitarbarv, hortering Ilidloaimd Fawlliesil, which 
drains both th( (ialges aid Brahinaputra Rivers. iere 
inore than 90.00)) Sqluare kilometers of land are suhje(ThNdto seasonl flloing. ()ther toastal deltas of Significanceinclude the Hiangfl (Yeillow River)of China, the Sent-

plercent of the sole. 80 percent of the plaice, and nearly
all the herring pol)pulation during some part of their life 
cyc'"' (75).I 1983, the dockside \'aluie of tht Wadden 
Sea-hased fishery was estimiAted at $110 million (76).

\itiiougi ( oastal wetlands illdeveloped nations pro
duce large almontills of cV)niniicially vhluable products, 
ecTOinilic alld iltitritirnal dep(endence on wetlands is 
greatest anlong smailer Third World countries. Half the 
('trrelit 500 ,O)t(-metric-ton lllMtial catch ill tile Lower 
\lekoig Basin, for example, is of wetland origin. Conse

_quelv, ill 198 , the fisheries value of the Mekong delta 
directlv 'ontriulted $90 millii to the economies of 
Kimpticheii, Thailand, anti V'ietnam while supplying 
5-)T) percent ()fthe proteini .ecds of the delta's 20 mil
lii pltotle 7. 

Coastal Wetland Loss 
Despite the tat that it is i11) possibe to estimate the loss 

if coastal wetlands (il a global scale, their destruction is 
acc 'l(eratil g ill the United States, France, the United King
dolnl, parts () thie Cariblean, and the Indo-Pacific region (7).

t inid-70s. the llited States had lost roughlyhalf its ori!1iiial coastal wetlands. li 1983, tile National 

gal River in West Africa, the d31,()i)-sqiire-killleterdt Marine Fisheries Service calculate(i the U.S. fisheries loss 
of the lrrawaddy River in Burmna, the Nile telta, and the 
increasingly modified regilt, oif the Mekolg) delta where 
all estimlatedlger fh) 30i)detd of its chal~ll)(alse (If ().lnll perceint ci(istr [ito (II)77-1,0)00 stquare kiloieterSs10l on rft d f I C 

Resource Value 
Coastal wettands are a sustaiaile Source (If staple fl(d 
and no1f(ood plants that I)enefit ihuman popiiltati01ns 
directly. In addition, they priovide food chain support for 
estuarine and nearshore fisheries, grazing land for diones-
tic animals, habitat for waterfowl and other wildlife, fuel 
from peat hogs, and flood control protection. They also 
act as natural filters for pollutants and tile\, stabilize tile 
shoreline. 
Coastal marshes, flot(dplains, and estuaries provide highly

prolductive spawning, nursery, and feeding for fishareas 

and shellfish. Gl;Iobally, an estimated two thirds of allfish 

caught are hatched intidal areas 71).
Ii1976, tlie yield 
of fish and shellfish dependent oil wetlands was worth 
more thani$700 Million (72). Rougihly two thirds (If tile 
major U.S. commercial fisherie:;-and 98 )ercent of all 
fish caught inthe Gulf of Mexico-depend upon estuaries 
and salt marshes as nursery and spawning grounds (73).
Further, an estimated 80 percent of the Indian iish catch 
from the lower delta region of the Ganges-13rahnaputra 
comes from the Sundarbans (7.1). 

Nutrients and particulate organic matter originating in 
offshore waters concentrate in('(astal wetlands and esth-
aries. This phenomenon is important to increasing the 
fertility of areas like the Wadder. Sea, which, borders (il 
t)arts of th Netherlands, the Federal Republic of Ger-
many, and )enmark. According to Edward Malthy, a lec-
turer in geography at tile University of Exeter, United 
Kingdom, the Wadden Sea supports al estimated "60 
percent of the North Sea's brown shrimp, more than 50 

it $.208 million per year from 1951 to 1978 due to tile 
loss of vital estuaries (79). '16 date, estuarine wetland
isses have been greatest infive states: California,
I b)ridia. I iiusi ana. New ,Jersey, and Texas. In fact,lordlmsaa Ilt ie esy n]' a.I at oisiana's loss rate is 1(,000 hectares per year due to coastal 

su hsidence and other causes.
 
ile () few remaining areas of
ou1h()k for Europe's

(illisturhtdcoastal wetIl-its is grim. So me 10 percent of 
tihe colastatl wetlands of Brittally, France, disappeared ill 
the last 20 veiars, and tw) thirds of the remainder is 
being seriotuslv affected by drainage and other develop
illelit aictivities (st). Most of the United Kingdom's coastal 
estuaries di sappearetd years ago, with 20,000 hectares of 
silt ilarsh and mudflats in The Wash (on the east coast 
of Englan( inEast Anglia) reclaimed for agriculture since 
tihe 19Ss. 

Large-scale wetland losses are a more recent phenome
non in tihe Third World, 1ut the pace of destruction is 
staggering. Only oneCquarter Of Puerto Rico's original 
mangrove area of 24,0011 hectares remains; between 1967 
and 1975, the Phili)pines lost 24,1000 hectares of man
groves a year; at least 5,000 hectares a year are lost in 
Malaysia for tile l)roductioin of wood chips; and Thailand 
has lost a full20 percent of its mangrove forests in the 
past decade (s). 
The causes of wetland destruction are underlined by 

the following problems: the tendency to view wetlands as 
wastelands, the association of wetlands with disease, the 
flooding hazards that accompany the use of wetlands, the 
lack of goverlmelt interest, and the lack of financial 
Su)port for wetland protection and management (8-)). 

Despite this iegative assessment, soeillcritical estuaries 
are Muing under regulatory )rotection. (See Box 9.1.) As 
go)verlments begin to recognize the value of estuaries as 
fish aild shellfish nurseries, the upward trend in fish
 
catches May be sustained into the 1990s.
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WORLD FISHERIES patterns collectively known as El Nino, (See Chapter '11
 
y ~ Mrine ""' ' " ~"Global Systems and Cycles.") The catch of Peruvian ,
 . .Mariile-Fisheries.Haves.. . ",_. .. anchovyis be ng o-iiincrease once-agai but at a
 

Of the 20,000, known'species of h, around 9000 are slow rate,
 

currently exploited (83),. However, 6nly, 22 species are rou- The growth in aquaculture and mariculture activities
 
tinely. harvested in quantities exceeding 100,000 metric over the past decade holds promise for narrowing the
 
tons a year, with just five groups-herrings, cods, jacks, gap between the sustainable supply. from capture fisheries
 
redfishes, and mackerels-accounting for roughly half the and projected. consumption by-.e turn of the century. In
 
annual catch (84). Since 1950, world fish yields have risen 1985, world aquaculture prouc,.on exceeded 10 million
 
almost fourfold,' from about 20 million metric tons' to metric tons, amounting, 'over 11 percent of the total
 
more than 82 million metric tons in 1984; 73 million . world harvest of fish and' shellfish (89). Between 1975 'and 

metric tons consisted of marine fish, mollusks, crusta- 1980, aquaculture production grew at an annual rate of 
ceans, and algae. (See Table' 9.3.) However, .the spectacu- over 7 percent,' compared to about a 2 percent aggregate 
lar 'growth rate of catches 'hasslowed dramatically since growth rate for all other food-producing sectors (9o). 
the 1970s. The United Nations Development Programme Although aquaculture production tapered off from 
(UNDP) attributes this fact to overfishing of certain spe- 1980-85, given current production and potential growth 
cies and areas, increasing amounts of pollutants'entering rates, the International Aquaculture Foundation predicts 
the ocean, degradation of coastal estuaries and wetlands, anincrease in world aquacultureproduction' of around 
high fuel costs for fishing boats in the Third World, and 5.5 percent a year between now and the year 2010, 
old, outdated 'equipment and process facilities, particularly resulting in a total aquaculture harvest of more than 18 
in the Third World (85). " million metric tons a year by the turn of the century (91). 

The United Nations Food and Agriculture Organization Two of the most heavily fished regions in the world are 
(FAO) believes' that the world's seas cannot sustain a the Northeast Atlantic and the Northwest Pacific. FAO ' 

maximum commercial catch 'rate of more than 100 mi1- : estimates the Northeast Atlantic 'catch at around 12 mil
lion metric tons per year from conventional resources lion metric tons a year, taken mostly b fleets operating' 
without critically depleting certain valuable species, like out of Norway, the USSR, Denmark, Iceland, the United 
herring and cod (86). (See Chapter 24, "Oceans and '' Kingdom, Spain, France, the Netherlands, and the Federal 
Coasts:' Table 24.3.) Ifprojections of fish consumption by Republic of Germany. The Northwest Pacific, on the other 

hand, is fished mainly by Japan, which has the highest,2000 are correct, then' the sustainable catch 
from world fisheries could be exceeded by some 19-30 catch of any country in the world. In 1983, Japan hauled 
million' metric tons (87). This figure. totally disregards the in 11 million metric tons of fish and shellfish from the 
estimated 24 'million metric tons 'of fish harvested every Northwest Pacific, out of a total of 21' million metric tois 
year by small-scale' fishermen operating outside 'the offi- for the region (92). , : 

cial sector. Considering the fact that some stocks have - ' 

already been overfished and mismanaged, the prognosis Ari._a':isere 
is not encouraging. For example, overexploitation has'led Artisanal (traditional) fisheries-although often excluded 
to a sharp decline in catches of Northeast Ailantic cod from official catch' totals because there is no routine 

and herring since the early 1970s. Both these/species registration of landings from village fishermen or small, 
were subject to catch quotas in the mid-1970F'and in independent operations-nevertheless provide a substan
some areas (i.e., the North Sea) fishing was h'anned 'until' ' tial amount of the protein consumed in coastal develop
the stocks recovered (88). The same factors contributed to ing countries.
 
the dwindling stocks of California sardines in the 1950s. It has been estimated that somewhere between.8 and
 
The dramatic 'collapse of the Peruvian anchovy fishery in 10 million artisanal fishermen worldwide harvest roughly

1971-72 resulted not only from overfishing in response to ' 24 million metrictonsof fish and shellfish 'a year for,
 
demands for fishmeal and oil hut also from the weather local consumption (93). Further, FAO recently calculated
 

the yv.ad 

Table 9.3 Annual Fisheries Catches, 1950-84 . 

a"1950-54 '955-59"''' : ' 1960-64 1965-69 " 1970-74 1975-79 ' 1980 1981 '1992 1983 1984 
North Atlantic ' 9.2 ' 10.2 ' 11.2 ' 14.3 15.3 ' ' ' 15.5 14.7 14.5 13.6 ' 139 13.9 ' 
Ceniral Atlantic 2.09' ' 2 ' 3.1 3,9 5,9 6.9 6.8 .2 7.,6. ' 7 7.2 2
 
South Atlantic' ' o'0. 1.2 1.9 3,5 3,7 ' 3,9 3.9 4.0 ' 4.3 4.3 4.0

North Pacific ' :28,' 3.5 4.7 ' '13.2 17.9 20.0 a 20.7 21.9 22.6 23,6 26.4

Central Pacificb. 5.1' - 10.2 0 7.1 8.5 7.
7.7 4.,'46.1 7,9 8,2 8.5 

'South Pacific 03 2 7.2 13.3' 1,. 8.2 5.7 6.6 7.2 8.3 6.7 8.7
Indian Ocean :1.2 7 1.4 1.7 2.6 2.8 3.3 3.6 3.6 3.7 . 4.0 4.3

Antarctic ' - X' 'X ' X- X 0.1 0.3 0.6 ' 0.6: 0.7 0.4 X
 

Total Marine ' 21,6 27.7 40.0 51.6 60.0 63.7 ' 64.4 '' 66.7 68.1 67.7 73.1 ~'~ 
Inland 3.1 4.5 A 6.2 7.9 7.9 7.4 7.6 ' 8.1 8.5 ' 9.1 9.7. 

'766World Total 24.7 32.2 46.2 59.5 67.9 72.1 70 49 76.8.' 82.8 -

X, . notavailable 
' ,' 

ap.Data for 1950-79 tire five-year averages..
b The divison between central Pacific vas shifted 1965and North Pacific northward after
Souirce: United Nations Food arid Agricuiture Organizationi (FAQ Yearbookr relevant " "of ishery Statistics: Catches and Landings (FAD, Rome, years).''' 

195"'''v 

http:prouc,.on


-- --

--

OJceansan duCor r f . 

"" that one seagoing~fishermanl provides work for t'wo to Table 9.5 Production from' Artisanal Taithree workers onshore, thus raisinig the number of people tionial) Fisheries as a Percentage of~the Totali'In ovedin small-calej iserieso25milion. hese-addi,.,..Fisierles7Productioni-7'-
~~~~,.~~~~tiona t1rkitl'hi~T~eilto"support families'" 

,numbering upwards'of 100 million people ( ,1).Uncertain ;Pro 
as the numbers may 'be, there is litt~e doubt that- a signifi-
cant portion of the coastal population of 'the world subsists o artislnal fisheries. 

'eIndiaa,s, ies are the largest single sapplier ofni-
Mal protein for several hundred million people in devel-
oping: countries.: In the majority of tropical Asian' coun-
tries,for"'example, 'artisanal fisheries contribute more than 
50 percent of the animal protein intake. (See -Table 9.4.).Further, the" production from artisanal fisheries a per-as 
ceritageof total fisheries production per nation ranges
from 20 percent in Hong Kong to ' *100 percent in Tanza-. 
nia, Guyana, Trinidad, and St. Vincent and the Grena-

.. . ....dines. (See-Table 9.5.) ' .. 
... . ,

Coral. Rzeef Fisheries- . - O-

- ' -Tnidcad

Because 'of their incredible' diversity of faunF: and flora,
coral reefs are the marine counterparts of tropical rain 
forests. There is much disagreement over the commercial:;lmicedtOa:few species' like jacks,, groupers, and snap-potential of coral reef fisheries, but if harvests are notlimited to 'a f1 

pers,' which feed at the upper trophic levels, then tihe 

productive potential is immense. Table 9.6 provides data 


onfish and inv}ertebrate harvests fromn selected reef sys-

tems. Unfortuiately, catch statistics are fragmentary

because overall data from reef fisheries do not exist (95).

Relatively good data exist for the United States (i.e.,' . 
Hawaii, Florida, Guam, and-Puerto Rico), but the reefs are so lightly fished that it is difficult to draw reliable . 



conclusions about the limits of coral reef productivity., -
The most' heavily exploited reefs are in- theEastern ' Caribbean, in the Philippines, and near major urban 

centers thirougiout the tropics.-In St. -Vincent and the 
Grenadines, for example, artisanal fishermen report a-50 ,
percent drop in finfish landings and a 30 percent 'de-
crease in the size of groupers, snappers, and jacks in 

.'. 

Protein Supply for Selected Countries,
mid1970s 

Ba;Fish as >,
Percentage of 
Total Animal 
Prrflyotein Surly

hipny :"-' '>: 74-76 " 
Bangladesh : 58.9Burma 55,3 i 
Hong Kong a31.2India ~n? -r 22,4
Indonesia 63.6 
Kampuchea 47.8Malaysia 47.3 

-

: ,Fish as -- -
Percentage of"';..

Total Protein PerCi I Ivaent

,4-- '' : ' : 
o.upl -'Cnumun' 

1974-76 ''(kilogramsperyear) 

7,0 10,8.
7.9 

-7.5 13.6 

18A1 505

Z23 3A4

- 8.3 10.4 

84 9o9 


,~-17.0 34.7
Pakistan -- 1.9 '0.5 - I'A,4
Philipp ines 58.2 '-' 22.6 a s E a .33.1 a-Sl re 31,6 - 152- 424ASri Lanka -54.7 8.4A 10.9 -
Thailand -528. 1i3,2 22.6 

-VietNam -56.3 --- 14,0 ' -21.8
~' Source: S. arus: "The Managemrent of South EastlAsian SnafllScale F'aeies and theEyampl~eof the Bubun Coastal Village Deverloornent Protect, North'Sumnatra Provnce,r~Inonesia,"inTheTradftonaf Knooidge and Manageernt of, CostaltSysems inAsiJaandthe Pacfic K, lucie and RE.Johannes, ea Urited Nations Edct ,Scientific;and'PUS31,COr Gwalro, Jakan1a Indoniesi, 1983), p,211, 

Countr Year 
Hong Kong 10781077Indonesia-Malaysia 19781976 

- Philppines197Phikins 19876-
SriBr Lankas 

r 
,.. 1979ana 1975 

Burma ...Bangladesh - .o 1972;" 1975 

Thailand 1970BurundiCape Verde 19751976 
The Gambia 1976 
Ghana -Nigeria 19761 


Senegal 1975
Sierra Leone 1976Tanzania " 1975Togo-:, 1976 

Bra i" 1976 

Guana 1 


1971 
SiruaVicn 18-0
 
Turkey 1977 

1974 

Yemen, AR 197Sources: - ..SouYe. P: 1975 ... .. .... .. 

0 Darus "The Management ofSouth East 
90' 

Asian Small-Scale Fisheries and the Exampleot the Bubun Coasta Village DeVelopment Project, North Sumalra Province, Indonesia," in,The Taciorial Knowledge and Management of CoastlSystems inAsia and the Paciic,Ktrudde arnd RE, Johannes, eds (United Naicis Ed.u,.Isnl ScientificOrganzatin, Jakata Pusat, and CuhluraiIndonesia, 1983, p.211. 
2. Nora L. Berwick,'Antsanal Fisheries of St. Vincent andthe Grenadines" (unpulishedl, 
33 A.Steorous, The World Bank, Washion, 0C. (unpulshed paper. 1081), 

ei? 
addition to an estimated 35 percent drop in lobst ( and 
conch catches since 1980 (96). Both lobster and co ch,usually shallow water inhabitants, are now'found only at 
depths of'24-52 nmeters and 18-24 meters, respectively. In" 
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some cases, the reef systems have been completely
degraded as a result of blast fishing and'the use of tangle
nets. These areas, are now producing very low harvests"' 
despite intensive' fishing. ' 

The larger harvests shown in Table 9.6 were taken in 
reef areas where all spccies of edible fish and inver-.: ' 
tebrates are consumed locally. On the basis of present 
ev ience, a sustainable harvest of all ledible fish, crustaceans, and mollusks averaging 15 metri ' tons per squarekilometer per year could bederived from coralline areas 
at depths of less than 30 meters (97). This potential global 
harvest of some9 millionmeetric tons a'year'is the,!emu i'' oife 

percent o t currenttotal fishproduction. 'But reef systems do not' lenid 'themselves to 
. 

industrial-scale fishing because' o'f theirphy. Further, the diversity bf species,' the 'remoteness of 
many areasfrommajor markets, and the presence ofrugged' topoMr

-ciguatoxic (poisonous)' fishes ared all factors likely to' limit
the catch of'fish'and shellfish from coralreefs for thenea fuur (98near future . 

FISH, CONSUMPTION AND TRADE"'''"-A. 
' 

The trade in Ifish and fish produicts is an increasingly
imotn' suc of ,foegexhag eumr oim ot s aourfseycniidt e oW rledIexports 'ftemjrfsey omdte o xed 

"i-'--$15 billion annually (90). Prices for fish and fish products--

-

,, 

-' 

"
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-
-. '" 



Ocle ans and Coasts 
STable 9.6 Harvests per Unit Area for Selected Coral Reef Areas 

AraA eaTt lh Ave 
~ n~~r-z'~'~,Gr=~s (MrtC ~(metric ons per~f

ta . kIlometera) nc tons) . quare kilometer per year) 
' 

Puerto Rico (1978) A Corallino 5.300 Neritic 2,140 0,5 '':
 
shelf fish 'and
 

crustaceans
OnTong Java S 	 Coral 122 All 79 	 0.
atoll 

Kaapingamarangi S 	 Coral 400 X 280 	 0.7Atoll 	 atoll 

Jamaica (1980) A Coralline 3,305 Neritlc 4,496 1.4 '' 
shelf fish and 

crustaceans
Jamaica (1968) A Coralline 3.422 Neriic 5183 1.7-

i 

shelf fish and 
crustaceans

Tanzania coast A,S 	 Coralline 12,160 All 21,980 1.8
 
shelf
 

Tarawa, Kiribati AS 	 Coral 500 Reef and 220 	 4.4
atoll lagoon
 

Mauritius A 
 sh aiel 35() All ',54 	 . 

Kora and Laketba, Fiji A.S 	 Fringing 42.840 All 	 5,0
reefs 

fishan
IfaluOtAtoll S 	 Reefeand 6 All 306 51

lagofn


Philipp~nes (1976-77) 'A 	 Coralline 27,000 All 130,000 49g
shell 

Philippines A 	 Reef 156 Demersalb 9 5.8 
fish and 

Apr Island 	 Demersal and 17.7 11.3
 
pelagic fish
Phiipfpines A 	 Reel 0,50 . Demersat 10.1 202 

Sumilon Island 	 0.65 fimsh and .11.0 18,3 
American Samoa S 	 Reef and X . sh and X 12

reel flat 	 invertebratesAmerican Samoa S 	 Reef and 3 Fish only 63 21.2
 
reef flat
 

X All fish and 94 26.6
 
invertebrates
 

X r t artisanal S - sbeslence. . "
r- avatable A 

Notes:.."
 
a Nertic fish are those ltond aog the coast toa depth of 200 meters 
 "
 .b,Omersal fish are those found on ornear the bottom of the sea.
Source: J.L Munro and DM Witlams, 'Assessnent and Management otCoral Re Fisheries Bologica,Envrmental and Soor.Economic Aspects;' inPoceedgsof lheFifthIntinational 

.
 

Coral Rcef Crress (Papeet,, Tahiti, 1985), p 26 

range from $100 per metric ton to more than $5,000 per Chile, Peru, Indonesia, Senegal, and Argentina are among
metric ton. Although the data are limited, it appears that the countries with the most significant increases in fish
 
in most countries fish: prices have risen more rapidly exports (101).

than the prices of other foods, probably. because of
 
increased demand and a constricted supply. (10... REGIONAL SEAS: THE BALTIC
 

An analysis of catches by economic group reveals the
 
fact that although developed countries still harvest more The concept of a regional. sea first evolved in the

than half the world catch, there has been 'a steady. "' mid-1970s as a result of initiatives taken by the United:,

'upward trend inihe harvests of developing countries, Nations Environment Pr6gramme to deal with the ,


especially those inAsia. Developing'countries collectively increasing pollution of. the world's seas. UNEP'sifirst '
 

increased their annual fish harvests 3.5 percnt 
 'from': regional seas program concentrated on ItheMediterra-o
1977to '1981;developed countries' harvests grew by a nean, followed by 'ine other programs around the world.

'odest 0.7 percent. Today, six of; the top 11 fish- (See Chapter 12, "Policies and Iiisttutions.) However, itf

producing nations are 'developing countries China Chile, was the seven nations bordering og the Baltic Sea that

Peru, India, the Republic of Korea, and Indonesia How first recognized the importance of controlling the amount
 
ever Japan heads the list, which includes four other of pollutants discharged into' their common sea ' Thesedeveloped countries:' the Soviet Union, the United States states took independent action (not under the umbrella of
 
Norway, and 'De'nmark. (See World Resources 1986, Table UNEP) in 1973 and,1974' to s'alvage their common heni

9.3, page 143,Iand Table 10.1,1pt t 310-311.) tage. Since then, the con ept f'a 'regional ea has,
Developing nations are alsiLincreasing 	 their share of entered theIlexicon sigifin battemptg i..,'\:
 
the international trade in fish and fish products. Betweenr countries bordernig"6the same sea (whether enlo'sed~ r
 
1974 and 1982the volume-of exports of fish and fish like the Mediterranean; Red, and Baltic Seas or re atively
 
products from the Third World doubled and their value open like't Caribbeai,"r, and'South
the EalAfrind. 

~ ~tripled. The Republic of Korea, Mexico, Thailand, India, 
' 

Pacific regions) to deal: rationally and collectively with 
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their enviro-iiental problenls. This is tie first in ai 

annual series of "regional seas" Irofiles ill 1irl 

Il'soulu'rs. 


Ill order to tackle tihe environmuieital ('erioration evi-
dent in th hlte 1( is and early 190s7 ii the ialtic Sea. 
the seven states miet iii Helsinki in May-.htiie 1973 to tre-
ate an internationall legal framework. Swedei and Fill-
land spearhealed tile initial efforts. III March 197.1, all 
the Baltit states--Swedei, IFinland,(il, oviet Union, 
Poland, tin (,erian )emotralic RellliC,i t'he Federal 
Republic of ('eriiany. aii(I l)einlark-signed a compre-
heisive agrecienlt.. ,ix y,'ears later, the IHelsinki C Mvein-
tioii (,i the P'rotectioin of the Marine ilviroililleilt of tile 
Baltic Sea was ratified by i tIe Federal RepuIlic of (icer-
nlav (the last siiilator'' tI (]o so), lili.ittiig the (i()i)-
veitiol tol (iter into force oin May 3, 198(1)1. (Sec Box 
9.2 foir hat kpould itforatin )i tie I allic Sea.) 

'[he Helsinki Convention 

As one of the first compreheisi ye a greeients (of its kind 
oil tile marit ei irolinni t, IhI lie lsinki Conventin is a 
1model of inte rnalional environmenit al collperation. When 
UNEl' launchedll(t Regional Seas IProgram in the 

Box 9.2 The Baltic Sea's Vital Statistics 

inid-19 7)s, it sttdied the Helsink IprIcess carefully.
 
The Convention's 29 articles and six ainexes call on 
all 

contracting parties to implement "individually or jointly 
all appropriate legislative, administrative, or other neces
sary measures to prevent and/or reduce pollution to the 
Baltic:" It specifically covers: discharges froni land-based 
sources, including airborne p)ollutiotn; discharges frolt 
shil)s, including oil, chernicals, sewage, and garbage; 
dunping of hazardous wastes; international cooperation 
to Combat oill spills; and forniation of the Baltic Marine 
Envirnnment Protection Commission (the Helsinki Corn
mission, or HELCOM), charged with carrying out the 
spirit and ternis of the Convention o0:). Like most corn
missions, HELIC()M has no power to enforce its decisions 
oil tile contracting parties. Decisions are reached unani
inously by the members of ItEICOM and are regarded as 
recommendations to tile signatory governments. However, 

recommendations are expected to be incorporated into 
national legislation as sooi as practicable, audi the Cori
mission monitors progress toward that end i1).

The Helsinki Commission has five main duties: "to keel) 
the iml)enentation of the CInvention under cot tinuous 
review; to recommend inleasures relating to the purposes
of the Convention; to recommend amendments to the 

Geography: Bordered Iy Sweden, Finland,I 
tile S iet Union. I'oladHit, l.erlan 
I)emocratic iepublic, tile FeletalIepuhlic 
of (Gerlany,and iDenlark, the Baltic Sea 
has a surface area of 3(66,0()lIII square kilo-
nieters-on I l QI 1trt Ofll lte stLrlact' artia 
of lile world's ocealls--and contains :,vl 
22,000 cuhic kilometers of brackish water 

Tile. distircthe Baltic is divided into sevell 
zones: Bothnian Bay at its northern-most 
end, tihe otlnian Sea, the Gulf of Finlaltd, 
the Glf of Riga, tile Baltic Proper, lile Bell 
Sea (including The Sound) arotd )einark, 
and theiKatttegat, which leads out to the 
North Sea (see Figure' I). 
Water Inputs: The Baillic receives 51111 
cubic kilometers of freshw,ater every year :u 
from snile 2511river systems Ii. This large 
input of freshwater gives tile sea a rather 
low salinity conmpared to Opel) ocean water 
The Baltic is a relatively enclosed sea, alltd 
its brackish waters have a residence time If 
25 years, with a nlean depth of only 60 
meters. 
Human Population: The drainage area ol 
tile Baltic comprises the entire area of 
Sweden, Finland, and 1oland, I large part of 
tile western Soviet Union, most of Delnark, 
and the northern parts of tile Federal Republic 
of (Germany ind the (ernlan Democratic 
Republic. The ptpilulatill in tile drainage 
area of tile Baltic was nearly 80Imillion il 
tile early 19i1s, . ith tGrossa conih'" d 
National i'nohuct ((GNP) of $3.i hillion, about 
i percent of the world's total GNP (;i. A 

total of 16 million people live along tile 
coast Ilf tile Baltic. The region is highly ill-
dustrialized, and agiculture plays a relative-

lv ininor role except il I land andparts of 
ilte oviet Jnion. There are at least 200 

major industrial complexes within tihe Baltic's 
drainage area-mostly steel an(] metal 
works, chernical industries, and pulp and 
paper mills. Nearly all of them are in tile 
category of polluting industries (I;). 
Shipping: (il an average day, around 71111 
ships plus anl equal nubler of i.0hing vessels 
Operate oi the Baltic, nlaking it a heavily 
trafficked body of water. As t[ the mid-1970s, 
51 million metric tons of gods were trans-
ported in and out of the Baltic via tile Kiel 
(anal,Ilii adanother 125-150 million metric 
tols were slipped by way of the straits 
(through it' Kattegat) 17. 
Fishing: Fish and fish products are still big
business in tile Baltic. The catch increased 
tenfold frnn 1931 to 1980, largely because of 
improved fishing gear, and amounted to 
900,000 metric tons in 1980 (si. Between 81) 
ald 90 percent of this total consists of sprat,
herring, and cod. The Soviet Union continues 
to take more than one third of tile catch (one 
third of tile herring and two thirds of tile 
sprat). )enmark and Poland take the largest 
shares of tle cod fishery, which has been 
running at about 210,000 metric tons a year 
sintce tile late 1960s p5). 

Tile actual condition of tie Baltic's fish 
stocks is uncertain. Some scientists claim that 
tile fish biomass of tie Baltic is increasing 
because of tile elevated nutrient content in 
tile water, a direct result of ettrophication. 
But most marine scientists agree that tile pri-
nary commercial species are being fished 
near their maximum yields (to). 
Fauna and Flora: Tile Batic is characterized 

by a rather poor assortment of fauna and 
flora, at least in terms of spcies numbers. Of 
the 1,5011 macroscopic animals found off the 
Norwegian coast in the North Sea, ottly 
around 70 species survive in the central Bal
tic. Likewise, while 150 species of mccro
scopic algae are found on the west coast of 
Norway only 24 species are found oil tile 
Finnish coast (i1). The soft boltom conimuni
ties ct the central Baltic support a mere 4-7 
species, with tile biumass being dominated by 
the blue mussel (Mylilus edulis) (12). 
Pollutior: Over the past 30 years, the Baltic 
has been severely affected by anthrox)genic 
sources of pollution. Nearly half the Baltic's 
deep waters. covering 100,000 square kilorne
ters, have become virtual "dead seas" of 
oxygen-starved water, where no marine life
except microscopic organisms-can survive 
(I:i). These anoxic conditions are thought to be 
caused, in large measure, by the tremendous 
input of pollutants from land-based sources, 
with atmospheric deposition playing an impor
tant role in some areas. The current annual 
n, orient load to the Baltic from all sources, 
particularly from municipal and industrial 
effluents, amounts to nearly 1.7 million metric 
tons of BOD (Biological Oxygen Demand), 
including 1.1million metric tons of nitrogen 
and 77,000 metric tons of phosphorus (14). 
For phosphorus and nitrogen, these figures 
are 3 and 1.5 times higiher, respectively, than 
earlier calculations. 

Toxic substances such as mercury, DMT and 
PCBs accumulate in mairine iplants and 
animals, increasing human health risks. Rpu
lations of gray and ringed seals havt plum
meted as a result of contamination from 
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Conventio' adits to defie Pollution control 
A ,criteria',and objectie for the 'reductions of pollutioin; and 

'''to Promote- scientific-aid- technoblogkil -re earch±- (105),-..-----
Some. progress in reducing 'the amiount'of'toxic,pollu-' 

tants entering the Baltic ~has been made. In'the past 10 
years, concentrations of mercury in fish fromcertain 
coastal areas have, decreased two thirds. Cocentrations
of DDYI (but not PCBs) have also begu ntrfll Since 
1974, when the Convention was signedthe use of DDT 
has'been banned in all seven countries, and the use of 
PCBs has been severely limited (only the Soviet Union 
and Poland continue to use them). A new group of haz-
ardous chemicals known as PC]h (polychlorinated ter-
phenyls) has been added to tle list, of toxic substances 
tLA may not be discharged into the Baltic (the list... 

'includes heavy metals like lead, cadmium, auid mercury;. 
persistent pesticides; lignin; oil; and radioactive materials)
uo). 	 ,06 	 . . 

Oil remains a persistent problem. In the early 1980s, oil 
spilled or discharged from routine shipping operations in
addition to that from land runoff amounted to around 
40,000 metric tons a. year (107). The figure may be lower 
today as a result of a concerted effort to reduce oil pollu-
tion from both land- and sea-based sources, Several provi-

.. ' 
Air~ . 

*I~s D~r eety 
PCs, aiid heav y metals. Untilrent,

the whlte tailed eagle (Haliaetusalbicila) was Figure I Drainage Basins and Subregions of the Baltic Sea 
nearly extinct over much of the Baltic 
because of e~nvironmental contaminants. 
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i sior1kn tbConventin addressoil, pollution: the dis
charge of 'oil from 'ships isst.ri tly limitIed; reception
faciliisfrsiswse aiigptoemrsde
 
have been established'in maniyBaltic'ports; and rules
 
arid guidelines for cooperation ini combatting oil spills*

have been established. In additiona reporting system for 
sistasotn aadu rtxccroshsbe 
setp trp otn haadosort08'aros a.be 

When the Helsinki Commission met in February 1986,

it''emphasized further reducing pollution from land-based
 
sources. The Commission adopted several resolutions
 
designed to limit discharges of pollutants from urban
 
areas and agriculture, pertaining mostly to development

of adequate sewage .treatment facilities, pre-treatment of
 
industrial waste.waters, and treatment of storm water in
 
the Baltic's catchment area (109). The' Comnmission is par

. ticularly concerned about further limiting discharges of 
. mercury, cadmium,' lead, zinc, copper, and oil. Another" 

important item before HELCOM is working out reco i
mendations designed to combat the accidental discharge
of hazardous chemicals into the Baltic,
 

Although the Helsinki Convention is certainly not per
fect, it )as provided the Baltic countries with a practical

framework for addressing common environmental con-
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cerns. Indeed, tie Baltic is now,, one of the most inten- menmlrs to grant the United States and other countries 
sively studied seas in the w(orld. licenses to fish within the 200-mile zones (1131.
 

In response to tile Soviet overtures, the United States
RECENT DEVELOPMENTS made ain offer of $5.5 inillion a year to a collection of
 
So.ith I'acific nationis-inclidii g Kiribati, the Solomons,
 

THE SOUTH PACIFIC COMES OF AGE and Vanuatu-for the right to continue fishing in their
Es Il.ISo faiIie al'reeenhs enra ed 
As a result of the 1982 U.N. (onvention oin the laiw of noent lias been reached.*.7 

the Sea, the area of "open ocean" was reduced by WETLANDS RECEIVE INCREASED ATTENTION 
roughly 3()percent. The high seas have been appor
tioned rapidly by the declaration andigeneral acceptanIce In 1985. the World Wildlife Fund (WWF) and tile Ihterna
of 20(1-mile Exclusive Ec(o onic Zones 1l/sby more tional Union for Conservation of Nature and Natural 
than 159 cOnltris (its 111of C 1986)(11(1). Tile legal con. Resi urces (ICUN) launched a major campaign to increase 
cept of the treat y is significanl, particulary bi)ecta'ise it public awareness of wetlands and their vaties. A major
recognizes tile coastal states' sovereign rights over ;dl aini Of the WWI/ IIJCN Wetlands Coiservaiion Program is
fishing within 21)1 miles of their coasts. (See l1rhI to establish a wetlands dataibase at the IUCN Conserva-
Resowrces 986i, pp. 1-13-1.15.) Although the treaty has [ion Monitoririg Centre inCambridge, England.
not been ratified by the requisite linber (if counlries for The Cenlre for Ei',,ironmiental Studies at tile University
it to have the full force of intermatiolal law, nearly all of Leiden, the Netherlands, is involved in Project EDWIN.
coasti dl-x'eloping countries endorse it. So far, 0rily 26 The goals of this project are threefold: the e!tablishment 
couitries. plus the U.N. Council for Nanmibia have raltiied of all inlornation base on the impacts of various
the Convention: another 3.1ratifications are needed d'Telopnlent schemes Oi wetlands; the evaluation of sound 
before it comes into force, wetlands detvelopmenl that maintains ecological processes;

As a result of t1he Ioiveltion, t,South Pacific island alid the development of rtcoliunenlations to improve the 
countries' IEZs have virtually made the South Pacific uiot design of drainage vorks, polders, and dams. EDWIN's
 
a closed sea (l). This siltatiol ilnfuriated Illaill tile)rolblems of tropical develop)ing coutisome long- foctuS is OI 

distance fishing fleets, especially those of the tU.S. tiua 
 trics where the loss of wetlands is greatest and gaps in
 
industry. The Uiiited States recognizes the validity of the scieltific data are also the greatest.
200-mile zones, but olt sole couijitries' claiiis over The Ransar Coliv..ntion 
of 1971 is the main mecha
liigratiory fisli, like tila, withinIN, zones. IBciluse thIle nisn for internatiioial coope ration inwetland conserva-

Uiited States is the odly coulihy thatidoes noirucognize tioin. the Convention are required to
Sigilalories to 

exclusive fishing righlts within declared El-s, U.S. tuna 
 include wetland conservation issues in their national plan
fleets fish willi inllnity ill ti(texclusive waters (If a lillig initiatives, to establish protected areas of wetlands,
number of So(th lPacific countries which have nol navies and to designate wetlands for inclusion on tie List of 
to enfort'e their claims.This practice is angering some Wetlands of Ilternational importance, maintained at
 
island nations. Kiribtuti (formerly the Gilbert Islands) ILICN's Conservation Monitoring Centre. As of the end of

recently con)clided all agreemllent with the Soviet Illioli, June 1986, the list included 335 sites covering an 
esti
allowing Soviet fleets to fish within its EE/ for $1 million mated 2(1 million hectares. In 1985, Uruguay, Ireland, Bel
a year-:a costly but welcome fishing license for the giulm, and Suriname joined 'he PRamsar Convention, and
 
Soviets (1i). Vanuati is also contenllplatiig a similar Mali, Egypt, and Mexico were 
 in the process of signing.
arrangement with the USSR. itSeptember 1985, the United States ratified the Conven-


A Soviet fishing presence is making the U.S. Navy lier-
 tion, as did France, bringing the total membership of tile
votIs because the Pacific lias been firllly inder western Convention to 42 contracting )arties (115). For a list of 
influence since World War 11.Meanwhile, the South internationally importarit wetlands, see Chapter 18, "Lind 
Pacifit i'ortlni's Fisheries Agency is trying to i)ersuade its Use and Cover," 'lable 18.2. 
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10. Atmosphere and Climate
 

I)espite the progress lnade dtiin., the past decade to 
reduce atmospheric concetriatimis if chemical l)olliiants, 
the global aii piollution picture is still no it p leasant one. 
lhe 21 niei)er nations oI the ()rganisatioln for Eco-

lioniic Co-operatioii an(d I)twvtopiilit D) (anD(;I. Yugo-
slavia) have Iiaclaged-at -.,rat cost-to red(icc el;,isioi s 
of stlfur oxides flom I)iweTr plaiits ad inldustrial sources. 
Yi-t the same coItries have had -nixed results io reduc-
ing iiitro,en oxide p)llution. Until 1985, inlv tie Iiiited 
States and .palii had beel able to illile)ilei t collipre-
iieilsive Ilislatioii redlcilig vellie emissioiis of iiitrogel 
oxides, hydrocarbons, and carbto Inmi oxide andcieli n nat-
ing (or greatly reducing) the lead content of petrol (gaso-
liue). European ()ECI) comitries were able to reduce po 
ut i(oin loads from statioiiary sources, but until recently 
vehicles eluded thein. Vehicle emissions (f carliii 
innoxide, hydr carboiis, and nitrogen oxides will )e.gi i 
to level (off over the n,ext few years in Ei liipe as tihe 
Euri peanr CO!Inmuniiiitv (E(') iinplie ii en ts iiew eiiss i cioi i-
trol legislation for all ieW velices. 

i)negronlI of p(ollutants that is clearly increas'.111 
throughout the developl, world is phitichieiical 
oxidants, particularly ozi le. The average liil)iClit ozoIe 
ciicentratiin for ilidustrialized cities ill I'Si ope and 
Niorth Amnerica ondIis aLi 1) ni criograins per ciibic 
meter, well above tli, daiage I'eeels for crops ald vege-
tatihni which begin at between i110 and 2011 micrograms 
per cubic ieter. This potent piollutant also corrodes build-
ing materials arid is a Ica!ih threat for people and 
animals. 

Yet there has been real progress in improving air qual
ity ;n imany of the world's big cities. According to data 
gerierated by the tirbi'n aii noitoring program of the 
(hlobal [-iivironiental Monitoring System (GEMS)
(iperatt'd by the United Nations Environment Programme 
and tilt' oreold I ledlth ()iga izatiii--ltweei 1973 uid 
1980, sulfur dioxide conctentrations were reduced over 
much of the ntwork, which inc!ides sOnie Third World 
cities. Comcentratioi; of suspended particilate matter 
(SPM), on the other hand, have shown mixed trends, with 
generally higher ievels reported for cities in Eastern 
E'u;rpe and the Third World com pared to urban areas in 
()I.CD countries. 

The highly industrialized ciuntries of ELurope, Asia, and 
North America are facing a relatively new group of polil
tants: toxic organic chemicals. Until a few decades ago, 
these potentially dan gerouiis polliitnts were little known, 
bIt scien tists have now identified a nLi in ber of thein, as 
powerfrl I carcinogenic and iiutagenic agents, causing can
cer and birth abnormalities in human Iei ngs and test 
aniials. Levels oh toxic organic compounds in ambient 
city air may t)e up ti 11) times higher than in rela
tively remote regions. 

Anoth: r health risk is the lurking proben of indoor 
air pollution. A major rado scarc made headlines in the 
United States in inid-1986, when the U.S. Environmental 
I'rotection Agelicy annonced that as many as 8 million 
homes in 30 states could have radon levels exceeding the 
new recommendedl maximum of 4 picoctiries per liter of 
indoor air. 
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Atmosphere and Climate 

As acid rain research be(oles more sophisticated, 
policyniakers are disc(vering that this issue too is mo)re
complex than they hai(I thought. Not only has the acid 
rain issueh radenedio incorporate a multitude of pllu-
tants that ilayv e invled in fo)rest declines il Europe
and North America, hut there is also mounting evidence 
that acid rain is an emerging problem in parts Of the 
industrializing Third World. l.arge urban areas in Africa, 
Asia and Litin America are beginning to d(ctment (Laill-
age froll acid(lde)sition. 

)n1 of the most surprising events f the past few 
years was the announicemet in 1,985 that British scien-
tists had ulet.cted a decade-long decline in the springtime 
stratos) Ilerc ()ZlW (I)lI elltratio()s over olle Antarctic 
monitoring stati(n. When this findling was checked 
against several years of archived satellite dat a, a ''In) i"hA 
the earth's Ozone laver over the Aniarctic continent wasconfirmed for each ()ct0her observation. The hole-alout 

nsbig as tfe cahtillal Uenited States-had [lot been 
asebigcathe t Itaes aInd t l' 

grown larger each year. 
Recent atroslliric models Suggest that tire contimlilel

p~rodurct ion arid rel ease (If eichirlfhu)r()ca rbo ns (C'F('s)co 1(1le ad reoItlitaaeIogI III ia I del) ('tO 01 (fCexpressing
could leadI to substantial flolal depletion of tilestratosphleric ozone laver b~y the riiddtie of tire next ('en1
tury. However, in anti(ipaflioll of (' ltinled ,assaults Oon 
the earth's ozone shield. 28 nations signe(l the Vienna 
Convention for tile Portecti)m of the ()zore I;1yer in 
March 1985. The Convention estahlished a framework for 
internatioral cooperation in research but left tile meanstol achlieve reducnti ons ill CIEC use t(o sirhsequnerit r egol ia-ledtionahive resulnedl in (TVeserO 16). t lnic,tions (which resumed] in December 1986i). 

CONDITIONS AND TRENDS 

EMISSIONS AND AMBIENT AIR QUALITY 

The industrialized countries of OECI) are by far the 
largest emitters of the four regularly monitored groups Of 
pollutants: carbon monoxide, nitrogen oxides, sulfur 
oxides, and particulate matter. In 1980, OECI) countries 
spewed out a total Of 149 million metric tons of carbon 
monoxide, 37 million metric tons of nitrogen oxides. 54 
million metric tons of sulfur oxides, and 16 million metric 
tonis of particulate matter, representing, respectively, 
about 77, 54, 50, and 27 percent of the world's total 
emissions of these pollutants. (See Figure 10.1.) 'l'he 
United States and Canada account for 51-66 percent of 
the total OECI) emissions of these four categories of pol-
lutants, while Europe emits 29-44 percent of the total (1). 

As can be seen from Box 10.1, "Trends in Traditional 
Pollutants:' levels of sulfur dioxide, carbon monoxide, and 
particulate matter have generally decreased in urban 
areas throughout nmuch of the industrialized world (and in 
some Third World cities). However, levels of nitrogen 
oxides show mixed trends, with decreases registered for 
most OECD countries (except for those in southern 
Europe and for France and the Federal Republic of Ger-
many) and increases noted for most large cities in the 
Third World. Concentrations of ozone, o the other hand, 
demonstrated a consistently upward trend over the past 
decade, particularly in urban areas, 

Atmospheric Trace Pollutants 
I-Highly industrialized societies are increasingly affected by 
a growing number of su)stances that occur in the 
atnosphere in much smaller concentrations (traceamounts) than the "traditional" pollutants described in 
Box 1(.1. Many of these trace pollutants are suspected or 
known carcinogens, mutagens, or teratogens (substances 
that cause birth defects); they are often referred to as 
toxic or hazardous air pollutants as a way of distinguish
ing them from the traditional air l)ollutants of concern. In 
the United States, for example, the U.S. Environmental 
l'ro ection Agency (U.S. EPA) listed the following air pol
hntants as hazardous under the Clean AIr Act: inorganic 
arsenic, asbestos, benzene, beryllium, coke oven emis
sim s. nercry, radiouclides, amd vinl chloride. Il 
I985-86, tihe U.S. pulished n(tices fin tel more 

ic01m)OUnds-including ccadmium and halogenated organic
compounds-signifying the Agency's intention to list these 
substances as hazardous, should emission standards prove 
warranted (2). An)Ither 30 substances are tinder considera
i rl ci. 

The majority of the other ()ECI) countries are also 

c(ocern about tile same substances listed by

tie U.S. EPA, but with the broad addition of polycyclic
organic compounds (a wide group of substances sus-

Iected of posing threats to hulman health) 

Toxic Metals 
Global arthropogeric emissions to the air of arse

mercury, and cadmium currently reach about 2 million metric tons, 78,000 metric tons, 11,000 metric tons, 

and 5,500 metric tons per year, respectively. According toOECD, these figures are 20-300 times higher than natural 

(background) levels (5).
 
As a rule, data on arbient concentrations and deposi

tion patterns of lead, arsenic, mercury, and cadmium 
exist only for the OECD countries, and even these data 
are incomplete. Predictably, the data indicate that urban 
areas are much more polluted with heavy metals than 
rural regions (except for those rural areas that have ore 
smelting operations). However, emerging evidence points 
to high concentrations of heavy metals-particularly lead, 
zinc, and copper-in the soils of higher elevation wilder
ness areas throughout the eastern United States and Cen
tral Europe (ii). (See "Multiple Pollutants and Forest 
lDecline:' below.) 

Lead has been a priority concern in nearly all OECD 
countries since the late 1970s (7). As of 1986, the United 
States phased out all lead in petrol, and the 12 members 
of the European Community (EC) are moving in the 
same direction, although more slowly. The majority of 
European countries (including Scandinavia) will still have 
leaded petrol-with a lead conte,, of around 0.15 grams 
per liter-until the early 1990s. The Federal Republic of 
Germany int,-oduced unleaded petrol in 1984 and is offer
ing tax rebates to German motorists who retrofit their 
older model cars with catalytic converters in order to 
accelerate the conversion to nonleaded petrol. 

According to OECD, on the basis of available data and 
analyses of atmospheric metal deposition preserved in 
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~Atmosphere, and Climate, 

Figure 10.1 Emissions of Air Pollutants in OECD Countries, 1980 .
 

Carbon Monoxide Nitrogen Oxides Sulfur Oxides Particulate Matter 

314% 322% 43428% 

53%5 

All OECD Countries Alt OECD Countries All OECD Countries All CECD Countries149 million0 metric ions 37 million metric tons 55 million metric tons 16million metric tons(77/c of world total) (541/o of world total) (50/o of world total) (270/o of world total) 

Norh America " Countriesn the Pacific OECD Countries in EuropeOECD Region 


Source:, A,aped fr Organsarop or Econoni C T,e ortire Enwirns,7 19,.j 9 . on and Devomirent (OECDI Srako t 1985 (OECD,Pars 1 p 

glaciers, peat bogs, soils, and ocean sediments, it appears use, and incomplete fuel combustion, particularly from 
that of all the heavy metals, lead and cadmium have vehicle exhausts. 
shown the greatest increase in emissions and concentra- . Unfortunately, data on atmospheric concentrations are 
tions due to human activity (8). available only for selected organic pollutants. In the case 

. . .of benzene, for example, people in large metropolitan 
areas may be exposed to 1,000 times the levels found in 

Toxic Organic Compounds remote regions (12). A 1983 U.S.. EPA study showed that 
average concentrations of selected synthetic organic

Organic compounds, including most hydrocarbons, are chemicals in urban areas of the United States were 1-2 
known to be injurious to human health and vegetation in i orders of magnitude (10-100times) higher than in remote 
relatively low concentrations. Studies show that organic environments(13).
compounds such as some aldehydes, polycyclic aromatic The vast number of' trace organic compounds, plus the 
compounds, benzene, and some organic acids, for . analytical difficulty and costs to obtain accurate measure
instance, adversely' affect of ambient concentrations 

lene, damage vegetation. Laboratory tests underscore the- makes it very difficult to pin down human exposure

potential ,of to rates, even cities. It is clear that in urban 


human health; others, like ethy- lments of these compounds, 

many of these organiccompounds cause in large areas 
mutations and/or cancers (9). . • . throughout the world, the ambient air is contaminated by ! 

Table 10.1 lists a number of such potentially toxic a veritable alphabet soupf of organic and inorganic chemi
organic compounds, their main emission sources, and 'cals. Many of these chemicals are found only locally, near 
their environmental life •spans. Roughly three quarters of their anthropogenic sources; others-like carbon, tetrachlo- 1 
all the substances listed in Table 10.1 proved to be'car- ride, a suspected carcinogen-are persistent and are 
cinogenic in animal tests (0o). Of these compounds, ben- widely dispersed in the atmosphere (14). , 
zene, benzidine, bis (chloro-methyl) ether, There is still considerable uncertainty regarding the 
2-naphthylamine, and vinyl chloride are also classified by actual health risks associated with ambient air pollution
I
the ntenational Agency for Research on Cancer as 

-

in urban areas. OECD states that "epidemeological studies 
known human carcinogens. Others, like carbon tetrachlo-' seem to point to' a cancer risk contribution' from air pol-
ride, chloroprene, epichlorohydrin, 'and polychlorinated lutants, but are not-capable of proving its existence" 015)., 



biphenyls are potentially powerful teratogens, 'causing . In Sweden, however, an 'expert' group recently reported
reproductive' abnormalities. In higher concentrations or that the number of additional cancer cases the country
when exposure ischronic,,.some organochlorine solvents 

" 

could expect every-year from 1air pollution ranged
(e.g perchloroethylene) have caused central nervous dis- between 100 and 1,000(out -ofa total population of
orders and liver dysfunction in humans. Exposure to slightly~over 8 million) (16). The U.S. EPA, on the other
 

'~II-phenols resulted in serious' poisonings, and the aldehydes, hand, studied 16 groups"of organic compounds'and con
particularly formaldehyde, cause respiratory, eye, and skin cluded that ambient~levels would cause Ian additional 

.
 cancers cases 

Major sources of organic compounds include the chemi tants per r,not as high'a rate 'as, the'Swedish study,
 

cal industry, municipal and industrial incineration solvent indicated (17).
 

irritations (... yuI 1,530ns per year,-or.6.7 pe I millioi inhabi 

~~ ~ 'II' I Ii I WMildResources197 -4 ' --- i

- 42145~ 
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Box 10.1 Trends in Traditional Pollutants 

SULFUR DIOXIDE (SO.) AND 

SUSPENDED PARTICUNAaE
 
MAT'TER (SPM) 
Sources. In N(orth AI~r~io and (Kurat', * 

well as 11any other industrialized areas, 
inore than 90 percelnt Of all sUlfur in 
aliilljelll air tolmes frotllanthropogenic 
s1lrces. flu energy sector is thfitprincipall 


c(ontributor, partccularlyfront iurtiting coal 

an(] oil in pIower plants. hidtistrial piocesses 

aso5 cllstinitlte major s inur's ofi () pollu[tllu-

tio n.
 

Alihtih th nattral SoIIrc's (f ( tlartictilate il1at
ter ant inliportant, stciially iin arid reion1s 
with high levels if siil and(lust, ailthrp(-
g.' i sorce,; are of greater c oncern because 
they antiarry oxiC (il hlUilg car ii igenic) 
trac'e sihstac e 3and (1thep rti( tius heti-
selves il y Ihetxic. eilp itrticltlattes (a r-
ostls) ('ai h, florited in fitta tnosphere its 
stc(illdat v polhltailts froiil t'll3mi(ssins'iaste'(tl 

'he ( riricipal thlltr geni coitribillors ti) 
pIarticilii( nmailer i e industrialcludiI proctsses 
and3 fiIII con 5ist1 on fro nits ~ltioli r v, and( 


illlbilt s urces. Iie,,I elinile , in I marticillar, 

I3 1 sig nificllI( vyhig h r ofI1111 and11
1i levels 

t 	oxic ) liticu lahts Ihan letrll ( gasoille)

liiins. 


' 1:unisson anidl air quality trteds. \ t 52 
siths ill flit- Global lFlivirinnii al Mtinilorini 
.Svstei ((ElMS) ntetwork where So), air( 
SPM tilclltratliits were mieatsturecd sillitil-
tancously for atl least five year+.30 percent 
shlo(we decreasing1 ailiclliavtrat'cnc('ei-

tratilns (if hl lih pollitants; 20 percent if the 
sites shiowed staliIlary trends for b)th p(l-
Inuants; and none, Ilf tire sites deitonstrated 
ir uw rd retds for thftb polutants (tile 

reniaiiiilig sites showed nixed trends). 
These treids (I not miean, however, that 

cities in ilie GLMS network 3lre free frirn sul-
fOrdio xide and S'!I p(lilion. As '(hbles I 
and(] 2 indicate, flit, ranges are rather trl(ad: 
for sulfur dioxide, the nedian vail e is 15 
nmicrograls per cibic nleter (pg/iit 1) per year, 
with a range If :-242 /pg/ni11 

per year; for 
SPM, itheniedian valie is 89 /inl 

t 
per year, 

with a range of 24-517 /gL/i)t per year dI. 
(For comparison with National Ainibienl Air 
Quality Standards for the United States see 
Wldrk Resources 1986, 'bible 10.3, p. 162.) 

llne cities aret(still plagued 1byrather higlh
concenlratlins (If suspended particulate inatltur 
and sutlftr dioxide. Both ilo Pailo a11 Milan 
have contl)osite ;innnal1 averages of St), thatexceed 100 /g/Un. Tokyo, Manila, Mad rid, 
'(ibranll, Glasgow, lBrusse,, l, 1(1in, and 
Zagreb all have com])(Isite anuual averages 
exceedingg50 tg/;n t Ii3. (Fior titlre inforina-

.lion, see Morl Resources P66, pp 162-168). 
With SPM c(icentrations, however, the 

ranges ailong inlividual sites itl each city are 
snialler. I'te conposite averages extend in t 
rther regla1r fatshi~l nIrtnt 59)g/in (cr 
year it 'bkyo to 142 /tg/n 

1 iii tZagreb. Both 
'1'hrai and ('alcttla have extremely high 
average levels-niore than 300 ]g/n1

3 per 

Table 1 Measurements of Sulfur Dioxide in the GEMS" Network, 1973-80 

Number ofNumber of Representative Annual Average Concentrations(micrograms per cubic meter) 
Year Cities Annual Data Sets Medfan Flange 

-
' ' 1'974 10 

:3 '3 LI)19528 	 1 4 17h197, 17 45 63 15 1,19
1976 4:)'1 .4619177 	 817" , 1,1933 215 
1,7 ,o 	 51 ,15 3 24(0 
1 ,10 '01 .11 3 1539!i 358350 NA 	 83 40 7242541 45 3242 

= , I, 
Note: [ f{ .... :4j ,,; i .......... r~ !
 

. ar-but they 3tre n oitctalsetd entirely y and 1983, No, emissiolns increased . ]er.
 
industrial p()lltito; iaturally high 
 dust levels (lilt ill Fiate and1115 percelnt in West ((,r
also)contribute I:;).(Ste lTMrl Res uret' 1i''. inalt V (1,.
 
111tl6-li 8 .	 iv rtll, in isjoi tirtilts th e0 	 refleci 

Sulf r oxide al(d SPM conce ltralions ill lit icruastd voltmi e of ro3ad traffic sin'e the 
lUnitd States shlw I itc oinsistently dow nward 1916is it, well as ht nI nt r of diesel(' ;it+r. Ii 
trend fiir the )ast decade. Sulfur Oxide elnis- the Unitdl States, h w 'e r, ti: rate of 
sions docreased 1li percent fron Fi75 to increasc in eiis.siois 11asbeen driopping
1981; at tihe sail, lilne, SPIM levels d creased tecat'tiuse if the conltrols lacedI til vehicle 
331 i.rrs'enlt i. (See 'Tble 3.1 CIliissiOliiS since ile iiid-197(Is: N(o , increased 

and large, l1i 0 d ithirtill the (I M S 9 airtu iitfron t 1970 to (984, w ith onily313 
Iletwork indicate that cities ill: .tern l urolp p 'rcuint inrease nlotell front 1975 t 198,4. 
I (athe Third W irld airecotusisetntlv milltre S e 'bible 3.) 

pltlllted with S ), and SPM than ittst cities (O lr i n J n i t (her be e ii t signiic a I
inll OFn connran' (i5). thr+Ite igiiill 

in (i('() ('Iuulries decrealse in total N( )\: eliission levels dropped 
iilre than 90 percenl despile it dralnatic 

NITROGEN OXIDES (NO.) intcrease over vte cle 21);.vhis infirie ituieer 
of passenger veicles. itis itprovenelt
 

Sources. The najr anthrolpogeuic sources results froin the fact that in ife tnid-196(ls,
 
ofI No) are tife transportation sector and sta- Japan began to imp1(ose stre ng NOx emission
 
lionary fuel combustionI in !he industrial ,ntd co ntrols oil tw ih nilbil- and stationary
 
elergy sectors. In uibai areas, NO, gives soIt'es 17,.
 
the atntosphere 31yellh iw-rlnown cast. Nitro- Air quality trends. Geterally, trends in
 gen oxides are also critical to forinatiol Uof N) air quality are similar to estinated NO, 

pIhotochernical sniog an(d oxidants partic. enlissions. For selected cities in the OECD
 
larly ttzoie). network, anbient NO, levels remained rela-

Enission trends. From 1971 to 197, NI x tively slaile (rin 1975 Ito 1979, except in
 
ein(issions front stationary sources remained Io)idoun whlre they decreased.
 
relatively stable in the OECD countries, but In 19N)1, tilIe anntal average concentrition 
in the transpo rtation sector they increased of N )-, in OECD cities was below 30( g/nm 

significantly. However, for ]979-84, there with sine notable exceltions in sonthern 
was 311 overall decrease or stabilization o :urolpe--Milan, Rolne, aridAthens--where 
NIO, emissiins in Japan, North Anerica, ninch higher levels were recorded (). 
and niost of OE(_KD Europe, with tie notable fly cotlrast, annual average NI:! concentra
exceptions of southern Eunrope, France, ai(1 tions increased in the United States riont 1975 
the Federal Republic of Gerniany, whiere to 197,9, decreased through (983, alid (hell 

ernissions are still increasilg. Between 1711 increased slightly il) 184. However, because 

Table 2 Measurements of Sus)ended Particulate Matter in the GEMS" 
Network, 1973-801) 

Number of Annual Average ConcentrationeNumber of REpresentative (ml.',-grams per cubic meter)
Year CIies Annual Data Sets Median Range 

97 6 15 127 64-365
 
174 6 
 16 126 48-519 

1975 10 	 27 856 28-5471976 23 45 84 26-380
1977 25 53 90 244191978 28 	 G1 93 30-4501979 24 59 89 32-498
1980 24 55 84 30535 
197380 NA 334 89 2,1-547 
A rol a,,a,5 

,,,,,,,-a, 1'(,,,,,'' ,f0o,,,,I 	 I,3<,,,,, 
jlTh- 5,:,r,.-ll 1,,Source:10 3,rlo:, I1-' A.r ('0* ,, 0! 3'(0 , ,1e (0,',-n,',,,.( Sc,'o..n .1ln1 o;.,3 Vl 1,1 (1055 , 101 
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the 198- "composite average NO, level is 10 Table 3 National Emission Estimates in the United Stales, 1940-84 
percent lower than the 1975 level:, tile long
tern trend in the Unoited States is downward 

CARBON MONOXIDE (CO)
Sources. I most industrialized countries 
iocal sources in urban areas are responsible
for the relatively high anibient concentra-
tions of carboi nonoxide. The transporta-
lion sector contributes about 90 percent of 
all anthropogenic CO emissions. 
Emission trends. According to OECD data 
io1,total emissions decreased significantly 

from 1970 to 1979 in North America and 
hipan, with mixed trends in Western 

ur(itpe. An overall decline--or at least a 
stabilization--of C( elnissions has continued 
since 1979 in the ()ECD countries. (See Fig-
ure 1.. 

Despite a continuing increase in vehicular 
traffic, CO emissions have decrease(] since 
1975, mainly as a result of auto emissions 

coitrol programs, especially in Japan and tile 
United Slates. In Japan, for example, enission 
levels decreased more thati 50 percent
hv1tween 1971 and 1981. In tte United States, 
CO emissions decreased 14 percent between 
1975 and 198-1 l). (See lhble 3.) 
Air quality trends. For OECD countries, 

there has been a general decline or stabili-

zalion in the ambient level it carbon 

nionoxide from 1975 to 1979. The annual 

average concentrations in Japan peaked 

around 1960 and have been declining stead-
ity since then. The trend in the United 

tStates indicates a decrease of 34 percen
between 1975 and 1984, with only a I per-
cent improvement from 1983 to 1984 we1. 

OZONE (03) AND OTHER 

PHO'OCHEMICAL OXIDANIh 

Sources. Ozone is not emitted in significant 
quantities directly; rather, it is the atmospheric
byproduct of other primary pollutants, 
namely volatile organic hydrocarbons (some-
times called volatile organic compounds, or 

VOCs) and nitrogen oxides. Ozone is formed 

when these two precursors react with oxy-

gen in the presence of sunlight, particularly 

when ultraviolet radiation is high. The 

primary anthropogenic sources of VOC and 

NO. include fossil fuel-fired power stations, 

industrial processes, refineries, vehicle 
exhausts, and volatilization of organic sol-
vents and fuels. Once in the atmosphere, 
this chemical "brew" is highly reactive. 

Meteorological conditions and photochenis-
try have a major influence on the formation 
ot ozone. Although many complex oxidants 
are forme front VOC and NOx emissions (i.e., 
hydrogen peroxide, peroxyacetyl nitrate, and 
peroxyproprionyl nitrate), ozone is an indica-
for of the degree of photochemical pollution. 
Emission trends. OECD data indicate a 
consistent, although slight, increase in the 
emissions of volatile organic compounds in 
most OECD countries since 1970, with the 
exception of the United States, where VOC 

Particulate Sulfur 
Matter Oxides 


Year (SPM), (SOX)' 

O4() 228 801901) 2415 20 3 

1960 21 1 200 

1970 1821 28
1971 167 268 
1147? 152 274 
1973 141 1871974 12, 270 
1975 104 256
1976 97 2621977 9 1 2c 3 

1978 92 24 5
1979 90 24 51980 85 23 2 

192,, 79 22 3
1982 70 213 
1983 67 206 

1984 70 21 4 

Change 194(1-84 - 69, , 19". 
Change 19708- -610o 241',, 
CIan)e 1975-84 -33Q 16-

NA ,,, t.-eNote.: 

c, 	 "0I '"1' L' . . "j
Of ' 

1. (106 1WI0 l 
SoAre:u 'l'''f" '' (Exro '-"',' PAl N,: ,i A, P', 

emissions increased 47 percea from 1940 to 
1970, then decreased 21 percent fro 197) 
to 	 1984. (See 1hble 3.) 

Nitrogen oxide levels, oii the other hand, 
have stabilized or even decreased slightly in 
North America, lal)an, aid northern Europe. 
except fir France ald the Federal Republic of 
Germany Ili southern Europe-Spain, Italy, 
Yugoslavia, and Greece-NO, emissions are 
expected to continue increasing unless addi-
tional pollution controls are implemented (1). 
Air quality trends. Available data indicate 
that during the latter half of the 1970s and 
eatly 198bs, maximum hourly ozone con-
centrations ranged up to 341 g/m 3 in large 
metropolitan areas of Japan and Europe,with a maximum half-hour value of 664 
pg/nt 3 measured at Mannheim-Mitte, West 
Germany-the highest recorded half-hour 
concentration ever measured in Central 
Europe. Cities in North America and Austra-
lia, 	 on the other hand, reported maximum 

3hourly values between :140 and 860 pg/n 
(14).The average ozone concentration for 
industrialized cities in Europe and North 
America was around 300 ig/in3 . Ozone 
concentrations in rural areas were roughly 
200 tig/m 3 with highs of 340 pg/ni3 in 
Canada and !ows cf aroud1I00 pg/n 3 in 
Japan 15i. 

These data demonstrate the fact that 
topospheric ozone levels are generally high 
ti.oughout much of the industrialize, world 

and that the World Health Organization (WHO) 
recommended maximum hourly levels of 
100-20 pg/m 3 of ambient air are exceeded 
regularly, even in relatively remote clean air 
regions 161. 
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INDOOR AIR POLLUTION ilhble 10.2 shows the sources, possible concentrations, 
Little is known a)out the quality of indoor air despite and locations of selected indoor air )ollutants. 
the fact that many people spend most of their lives
 
inside homes, apartments, offices, factories, hospitals, Radon
 
restaurants, schools, recreational facilities, and vehicles. 
 The data base on sources and concentrations of indoor 
Attempts to characterize indoor air are fraught with pit- radon has )een established only since the early 1980s. 
falls; the pollutants vary from place to place, betwveen Radon is a chemnically inert radioactive gas formed from 
neighboring structures, and even )etween rooms in the the disintegratioi. of radium, primarily from natural 
same house. Concentrations of indoor )ollutants, in turn, sources. Radon scares in Sweden, the Federal Republic of 
are influenced to a large extent by lifestyles, whether the Germany, and, most recently, the United States prompted 
occupants smoke, whether they own pets, what heat authorities to launch extensive surveys and monitoring 
source they use for cooking, and how well ventilated the projects. Initial attention focused on building materials 
building is, to name hut a few factors. '1o date, only a and groundwater. But more recent evidence from 
few pilot studies have been completed on indoor air 1)0l- regional studies, principally in Sweden and the United 
iution and its hazards to health is). tHowever, the availa- States, suggests that the soils under buildings may be 
t)le data, mnl;tlv from residences in the developed coun- more important sources of radon (19).
tries of Europe and North America, strongly indicate that Once released, radon undergoes radioactive decay. As 
indoor levels of man' COmpoulnds-particularly organic a result, indoor air contains both radon gas and alpha
chemical compounds emflitted from consumer )roducts- cimitting decay nuclides (often referred to as radon 
routinely exceed outdoor levels, progeny or daughters). The latter become attached to 

Table 10.1 Toxic Organic Compounds: Sources and Environmental Presence, 1985 
T-xc Organic Cmpounda Major Emission Sources 	 Remarks on Environmental Presence 

Acetaldehyde (Elhanaj 	 Coffee roasting r':anufacture of acrylic acd acetic Atmospheric half-life. 1-2 days
 
acia. and vinyl acritate car evhaust
 

,A-or, .1 Ie(2. Propen nir ile) 	 Intermediate in ie productiori of pciTICrrr ina Other
 
chemicals
 

A y c ,;, i'3Chloro I-propene) Synthetic :nterrneciate chert I 

Benzer-, (C ii , 	 Petrolfueled .nternal combLs'lon engines, Malanal infa., 
production of othercheicals. petroleum refineries gaso
linestorage arid handling colkeovens 

Bcnozidne (C,-,Hr N) 	 Manufacture of dye. pacer textiles Atmospheric half-hfe:leather 	 1-4 days((II.Biphenylj4 4'dir.neA 

Benzo(a)pyrene (Indicator pollutant for 	 Byproduct of i0corrplete cornbustion of coal(coke
polycycic organic matte,) 	 ovens) wood, charcoal diesel fuel 

Benzyl chloride (Chlororreth,,lherrzene) 	 Manufacture of polychlorlnated bipfenyls.
 
n-bulylbenzyl phthalate benzyl alcohol, quaternary ammo
nrum compounds henzyl acetate
 

Bis (Crloro-metyl) ether 	 Manufacture of polyrnethylene and polyphenyl isocyanale 

Carbon tetrachloride (CCI.) 	 Dichlorodfluoromethane and trichlorofljoromethane Atmospheric half-life: 10 years;
production. fireextnguishers, dry cleaning agents in water:half-life 70,000 years
cleaning agents for rnachriery and o:ectrcal parts 

Chilorofluurr:ariorns Aerosol propellant, refrigerant. foaming agrrts in Potentia; effect on stratospheric ozone 
plastics ndustry layer allowing possible increase of UV 

radiation and possible climatic changes 
Chloroform (CHCI3) 	 Production ol chlorodiluoromethane, miscellaneous Atmospheric hall-life 1-2 years 

(industrial solvent furngant. ,hamaceuicals, solvent,
rubber industry) 

Chloroprene (2 Chloo.1,3.buladlene) 	 Production of necprerc Atmospheric half-life. 10 hours 

Dioxins such as TCDD (Polychlorinated 	 Waste incinerators, h fbicodes Half-life in soil: 10-12 years

dibenzo-p dioxins)
 

Epichlorohydrin 
 Production of syntheic glycerinepoy rescns and
 
(I-Choro2,3.epoxypropane) elastomers
 

Ethylene dibrornide (C2HBr2 ) Scavenger in leaded gasoline, soil and seed fumigant, Atmospheric half-ife: 20 hours
 
t.2-Dibromoethene) dye production pharmaceuticals, solvent
 

Ethylene dichlorde (CH 4Cl2 
 Production of vinyl chlornde 	 Atmospheric half-life: 1,000 days 
(12Dichloroetharie)
 
Ethylene oxde (C2H40) (Ox,rane) Intermediate in productico of ethylene glycol, Atmotpher.c half-life 3 hours-1.6 days
 

production of polyester fiber and filmand non-ionic surface 
active agents 

Note: a Ircludes orc organic cinrx uncosrironafid poteni.'iy 

Source: Organisation foroEonon, Co-operation an,IDevelopient (OECD), tieState ottrie Environmen: 985 (OECD. Paris. 1985). pp 42.43
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particulate matter, such as tobacco smoke and house underlying materials, and ventilation rates and used
dust, and can be inhaled ard retained in the hngs. many differenit measurement techniques" (2:3).Indoor concentrations of radon and its daughters a:'e also In August 1986, the U.S. EPA reported that as many asaffected by ventilatio n and o)ther facto rs. 8 million homes in some 30 states could have radon

Chronic exposure to elevated levels of radon and its levels exceeding the new recommended guideline of 41daughters is known to result in lung cancers, but scien- picocuries per liter of indoor air 2i). In some homes
tists cannot agree on a threshold for radon exposure. The tested along the east coast from Georgia north to New
U.S. EPA estimates that exposure to indoor radon results York state, radon levels were as high as 300-1,000)picocu
in 1,000-2(,0(00 cases of cancer per year just in the ries per liter of air-enough radiation to expose theUnited States (20), although the nmber of people at risk occupaits to the equivalent health risk of smoking more
from high radon levels is not known. th.n four packs of cigarettes a day (25) (264.

Data from several studies in the United States and Sweden's relatively high action level (maximum healthSweden indicate that cricentrations of in door radon-222 standard) oif nearly 1I picocuries per liter, or 400 Bec
(a common isotope of radon) vary by at least two Orders querels per cublic ureter of air, means that sone 35,00
of magnitude, with mean values ill the United States of homes with up to 90,())(I peo)le are at risk from 
around 1.5 picocuries per liter (or 55 Becquerels per elevated radon levels (27). 
cubic meter) (21) and mean values in Sweden of 2.7 
picocuries per liter (101 Becquerels per cubic meter) (22). Aldehydes
The U.S. National Research Council reports that this large Concentrations of aldehydes-formaldehyde is the most range of values is rlot surprising "inasmuch as the studies iml)ortant-are always higher indoors than outdoors. 
included various types of buildings, building materials, Sources of aldehydes include urea-formaldehyde (UF) insu-

Form 

Toxic Organic Compound" 
ldehyde (CH2O) (Methanal) 

Major Emission Sources 
Charcoal manufacturing, catalytic cracking ;n PetroleUlr 
refining, internal combustion engine e:hausts, resin produc 

Remarks on Environmental Presence 

lOn, formaldehyde production, storage 
[exachlrorobenA'en (Cj;Cl-) Origin partly unknown Atmospheric half-life: 2 days 
Methyl chiloruform Metal cleaiing ind coear)li nc rtic Molds 
i 1.1 -Trchloroethane) 

Methylene chloide (CH 2Cl2 ) Major component n p;riint rrippers Atmospheric half-life 1-2 years 

2-Naptlylarnine,; (C1oHaN) Research purpoves 

Nitroberizene (CfH 5NO2) Production of aniline 

Nitrosamines Limited commercia productior, but formed in air. water, 
and food 
nitrates 

from p1eursors arines nitrogen oxides ard 

Perchloroethvlene (C2 C14)
(1,1,2,2-Tetrachloroelhene) 

Chlorination of acetylene, dry cleaning solvent,
decreasing metals 

Phenol (C6H5OH) ManufactLure of explosives telizer, coke ilurninating gas, 
lampblack, paints pant reniuvarj, rubber, asbestos goods.
wood preservatives, synthetic resins textiles, drugs, phar
maceutical preparations, perfures, bakelite and other plas
tics (phenoloorraldehyde resins), disinfectant in petroleum,
leater. paper, soap, toy, tanning, dye, and agricultural
industries 

Phosgene (CCt2O) 
(Carbonyl chloride) 

Manufacture of dyestuffs based on triphenylmethane,
coal tar, and urea used in organic synthesis of isocyanales 
and their derivatives, in carbonic acid esters (polycar
bonates) and in manufaclure of some inseclic-des and 
pharmaceuticals 

Polychlornated bphenyls (Cl2CIxHt0.X)
(PCBs) 

Production storage, and transport of PCBs 
incineration of waste PCBs (electrical transformers an6 
capacitors), solid waste disposal, evaporative losses of 
plasticisers, volatilization of PCB containing paints and 
coatings 

Atmospheric halflife: 26 days. a 
widespread pollutant of fish and wildlife 

Propylene ovde (C3H6 0) 
(Methyl oxirane) 

Atnospheric half-life: 23 hours 

Trichloroethylene (CfHC13)
(1 1.2,Trchloroelnene) 

Solvent in degreasing operations. PVC producton, inks. 
surface coatings, adhesives, dry cleaning, pharmaceuticals 

Vinyl chloride (C2H3C) 
(1-chloroethene) 

Production of polyvinyl chloride Atmospheric half-life: 12 hours 

Vinylidene chloride (C2H2 CI2) 
(1.1-dichloroethene) 

Monomer ano polymer synthesis (latex coatings, 
extrusion resins), fabrication, polymer processing 

WordReruces aJ87 
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Table 10.2 Sources and Possible Concentrations of Selected Indoor Air Pollutants 
Indoor/Outdoor

Possible Indoor ConcentrationPollutant Source Concentrations Ratiob Location 
Carbon; oroe Combuston tO0ppm > > 1 Homes, offices,equpirient cars, shops,eng nes, faulty skating rinks

heating s/s ss ai;;
 
RepirjhL partcles Stoves fireplaces 100.500 pg/m 3 > > 1 Hormes offices,cigarettes, con cars. public lacilidensation of vola ties, bars, restaurtles, aerosol ants 

sprays, cookrng 

Organic vapors Ccrnbustion NA > 1 Homes, restaurants,solvents rsii public facilities,products, offices, hospitals
r,estlc,des, aerosoi 
sprays 

Nitrogen doxici2 Combuston. gas 200-1,000 pg/m3 > > 1 Homes, skating
stoves water rinks
heaters dryers,
cigaretnes, engines
 

Sulfur dioxide Heatirt systerm 20 pg/m3 < 1 
 Honies, offices, 
pubic buildings 

otal susponded Com.:sslon,par~chp,, treating systems 100 pg/m 3 
1 Homes. offices.

e,,cldmgtransporaion, taso-ain
eclung nearingsotrestaurants
 

cigarette srmoke)
 
sulaa Matches. gas 5 pg/M 3 

< 1 Homes,. offices 
stoves 

Formaiiehyre Insulation, 0.05-1.0 ppm >1 lorres, offices 
product binders, 
particleboard 

Radon ana progeny Building 0.1-30 nCi/m 3 > > 1 Homes, buiodings
materials, ground
water, soil
 

Aslieslos Fireproofing < 1 fiber/cc 
 Homes, schools, 
offices 

Mineral and Products. cloth. NA Homes, schools,
synthetic fibers rugs. wallboard offices
 
Carbon dicx,de Combustion. 3,000 ppm 
 > > 1 Homes, schools. 

hurnans. pets offices
 
Visible organisms Humans pets NA
rode" nsecti, > 1 Homes, hospitals,schools, offices,

plants, ung, public facilities 
hufn , urs, air
 
conditioners.
 

Ozone Erectric arcog 20 ppb <1 Airplanesuilraviolet 1,ght 200 ppb > 1 Ofices 
sources 

partst cr t',Ippr = e 1 ptr - p r t;'r it =', '.0, C tv, hc tiC rn[= picocuresper cticc meerANA =nor.ir aphcao1eNotes:
Cincertraoris iistJ f olr,! r.,i i i e to's t,er tcc}rrirt a hrcr ,
1) > 1irtti5rhat lie lr 'rs'n; X'' r ir' 1,1r1,r1 . / ,jr,';:r < I COr'icettra lris ire i'. iiei 


' cu1 i 
o f rt..t iot sr,Bolt, ari io.i.(i r .e vat reast,,O NO COeiTl 114 e g5erv r i tn ot!'t,'f ,Is r.,i trv'iei Petris tial jim erlitlOOr t:irl
t,'p'ca indoor 

Source: u S N icorri Ret ;,i2i CI i ' itcit' lAt:,itterir, /',.ir [.C 1981)pp 2324( l'r';, 

lation, building materials (especially particleboard and pressing the mass together under high temperatures. In

plywood), and, to a lesser extent, combustion appliances 
 most cases, indoor concentrations of formaldehyde result 
(e.g., stoves, water heaters, incinerators), other consumer from the extensive use of pressboard or particleboard in
products, and tobacco smoke. building construction. Roughly 80 million homes in the 
Two of the most common sources of aldehyde indoors United States were constructed using particleboard, which 

are urea-formaldehyde foam used as thermal insulation can emit high levels of formaldehyde for several months
 
throughout much of Europe and particleboard and ply- and even years (28).

wood formaldehyde-based resins (used extensively in the 
 Elevated levels of formaldehyde cati cause eye and
 
United States). 
 upper resl)iratory irritations, and chronic exposure may

Urea-formaldehyde resin is the most common adhesive result in higher incidences of cancer. In the United States,
used in the manufacture of indoor plywood and particle- for example, exposure to formaldehyde and five other
board. Plywood is composed of several sheets of wood organic substances-carbon tetrachloride, benzene, chloro
glued together with UF resin, while particleboard is made form, tetrachloroethylene, and trichloroethylene-is esti
by saturating small wood shavings with UF resin, then mated to cause up to 1,600 cancer cases a year (29). 

15O
 



Normal indoor concentrations of formaldehyde gener-

ally range between 0.05 and 0.3 parts per million (pIpm),

but in sofme unusual instances. concentrations of several 

parts per million have been measured in houses with 

extensive UF foam insulation. In residences amd offices 

with high formaldehyde emission rates, concentrations 

can range from 0.01 ppm to over I ppin (m). 


Asbestos and Other Fibers 

Because af its fire-resistance antd high tensile strength,
asbestos now has more than 3,000 industrial and coi-
mercial applications. As of 19)80, global production of 
asbestos was nearing 5 million metric tons per year and 
is noiw well above that level on1.Asbestos C0nSlinltion_ilie I Joited States, at (O)()((metric tonis in 1979., isexpectedS reach perhaps 90),00to metric tonsl the 
turn of tee century 9:mt). 

Over 9( percent of the asbestos used in the United 
OtatesispircerteState s is im p~ offromeCnadas70slUscdnt ottheUttaldko rte d from Ca n ad a ; 70 p e rc e nt of tile t ta l is


coliSUined I1ythle construct ion industry. Asbestos fibers
areielv sedtin('1ingr 1anduloryg prodcts, ciemen,

aels, ies,useet ci in g 
 ateflaoIsg textils, aerets 

and felts, friction materials, filters and gaskets, and ter-

real and acoustic insulation fils). gproducts


Inhalatond acui atofibern re 
 y yidentified:
later-in pn eonaryfibrosis, Iig cancers, an yd


esothelioma of the fleura and
o is ritoineu, all of which 

have high mortality rates 31lf. 


According to the U.S. National Research Council, most 

contamination [of the indoor environment with asbestos]

is episodic, activity-related, and local' 
 Yet, indoor 
fisepisodi,cutshvee ocal" (3xYeetsaound odoors
fiber counts have been found to exceed those outdoors, 
andlsometimes they have reached the occupational safety
limit of two fibers per cub~ic centimeter of air ci).This 
situation is a real problem inpublic buildings like hospi-
tals and schools, where elevated fiber counts in the air 
prompted local health authorities to recomnend replacing

the asbestos with other insulating or sound-proofing 


Smoking 

Tobacco smoke is a major source of both gaseous and 
articulate pollution in the indoor environment, affecting

both smokers and nonsnmokers. Studies show tat non-
smokers can absorbi measurable amounts of carbon 
mono:,ide and nicotine (but not nearly as much as heavy 
smokers do). Involuntary or passive smoking can result in 
lung cancers, especially if exposure is chronic. In the 
United States, the estimated cancer incidence associated 
with indoor passive smoking ranges from 500 to 5,000 
cases per year (:37). 

Residences occupied by smokers often have higher
indoor concentrations of suspended particulate matter 
(SPM). The average smoker adds approximately 20 micro-
grains per cubic meter cf SPM to home air (:8). The 
annual amtbient air quality standard in the United States 
is 75 micrograms per cubic meter (3). Because the typi-
cal range of indoor residential 24-hour SPM values is 
30-100 micrograms per cubic meter, with an observed 
maximum of 600 micrograms per cubic meter (40), indoor 
concentrations often exceed outdoor values. 

Atmosphere and Climate 

Indoor Air Pollution in the Third World 

Organic fuels like firewood, dried dung, and agricultural 
wastes provide much of the domestic energy consumed 
in the developing countries of Asia, Africa, and Latin 
America. When these fuels are consistently burned inside 
dwellings-for cooking, space heating, or boiling water
high levels of toxic pollutants can accumulate. The com
bustion of organic fuels, particularly indoors, results in 
the release of measurable amounts of carbon monoxide,sulfur dioxide, nitrogen oxides (including nitrogen diox
ide), ammonia hydrochloric acid, hydrocarbons, and par
ticulate matter. Of these pollutants, three are produced in 
relatively large amounts: suspended particulate matter, 
hydrocarbons, and carbon monoxide. (See Chapter 25. 
"Atmosphere and Climate:' Table 25.4.) 

If these pollutants are not vented properly (and most

huts have no chimneys), they can pose serious health
 
risks. The World Health Organization (WHO) reviewed
t e e f c s o n o r a r p lthe effects of indoor air pollutants tThird World popuu a t h r o l o u 
lations and found that an increasing number of people
 
were suffering from a variety of debilitating and fatal dis
eases, all linked to prolonged exposure to the combustion
 

of biomass. Five major categories of illness were 
chronic obstructive lung disease (Nepal and


Papua New Guinea); heart disease, particularly cor pul
monale caused by pulmonary damage (Nepal and India);
 
cancers, especially lung and riasopharynx cancers
 
(Indonesia, Kenya, and Malaysia); acute respiratory infec
tions, particularly in children, due to destruction of the

respiratory defense mechanisms (Africa and Papua New

Guinea); and low birth weights caused, in part, by the
chronic exposure of mothers to high levels of indoor pol
lutants (.ii).According to WHO, acute respiratory infec
tions in children are a major cause of infant mortality in
 
developing countries (42).
 

As a result, WHO estimates that somewhere between
 
300 and 100 million people, mostly in rural areas of

developing countries, are adversely affected by high con
centrations of indoor air pollutants formed from biomass
 
combustion 043). In tile central highlands of Papua New
 
Guinea, for example, researchers found that native huts
contained up to 5,000 micrograms per cubic meter of
 
smoke, aldehyde levels of up to 3.80 parts per million,

and carbon monoxide concentrations reaching 150 milli
grams per cubic meter of indoor air (,1-1).Similarly, in
 
rural Guatemala, carbon monoxide concentrations aver
aged :35-45 milligrams per cubic meter of air in poorly

ventilated homes, and a number of women tested had
 
carboxyhemoglobin levels above 2 percent-levels
 
thought to be damaging to fetal growth (.15).
 

TRENDS IN ACID DEPOSITION 
Acid deposition is a major air quality issue in Europe and 
North America, and it is emerging as a significant prob
lem in parts of Asia, Africa, and Latin America. Many
adverse environmental effects have been attributed to 
acid rain, including damage to lakes, streams, ground
water, forests, agriculture, buildings, statues, and human 
health. 

Acid rain is a popular label for the complex scientific 
phenomena associated with atmospheric deposition. But 
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acidic substances are not only dckposited in rain, snow, 
fog, and dew; they also fall from the atmosphere as dry 
particles and gases, 

The acid rain issue has changed significantly in tile 
past few years: 
M Scientific ailid policy concerns now extend beyond the 
threat of acidification of aqLatic ecosystems and materials 
damage. Observed changes in forest growth and cuoIdi-
tion are receiving increased attention. 
H Although acid d,,position is still seen as the primary 
atmospheric agent daniaging aquatic ecosysteins, many 
other air pollutants are probahly also important ihthe 
widespreal forest declines of Europe and North America 
Obiserved over the past five years. 
* The geographic area now perceived as threatened by 
acid rain and the (ther airborne chemical pollutants 
associated with atmospheric deposition has expanded far 
beyond Scandinavia, Central Europe, an(t eastern North 
America. It now eicompasses nearly the whole of 
Euro pe (inclu(din(g the Eur(opean part (f the Soviet Union), 
parts of tle western tnited States and Canada, and some 
industrialized areas of the Third World. 

Transport and Deposition 


It is now widely accepted that the dry dep(ositioin of 
gaseous pollutants andi their derivatives is more important 
near the source (within 300 kilometers) andI wet (leposi-
tion is important farther from the source (upwards of 
500-2,000 kilometers). (For more collplete information 
on transport, see World Resmorces 1986, pp. 167-169). 

A long-term perspective on atmospheric deposition of 
acidic coml)ounds in the Northern Hemisphere is 
provicled by ice cores taken from the Greenland ice shelf. 
An analysis of tle cores, which span more than a cen-
tury (from 1869 to 19841), indicates that sulfates ha'e 
dominated deposition since the early 20th Century, and 
nitrates have been )roinent since about 1960 (.w). These 
trends roughly parallel anthropo.enic emissions over the 
same period,

The recent patterns of acid precipitation for North 
America and Europe are shown in Chapter 25, "Atnio-
sphere and Climate:' Figures 25.3 and 25.4. 

The p-i scale, used to determine the extent of acidity 
or alkalinity of a solution, ranges from 0 to 14; 7 is neu-
tral. The more acidic a solution is, the higher is its hydro-
gen ion concentration and the lower is its pH value ()at-
tery acid, for example, has a pH-I of 1).High nil values 
indicate alkaline solutions (lye has a pH of 13). Normal 
rainfall has a pH between 5.6 and 6.8. Because the pH 
scale is logarithmic, a change of one unit represents a 
tenfold change in the hydrogen ion concentration. Hence, 
a solution at p5H 4 is ten times as acidic as a solution at 
pH] 5 and 100 times as acidic as a solution at pH 6. 

Lirge areas downwind froom major emission sources 
routinely exl)erience precipitation with pH averages of
4.-4.5. Individual weather events can have rainfall as 
acidic as pH 2.2 or below (47). This analysis is supported 
by data from the European Monitoring and Evaluation 
Program (EMEP), which now consists of 82 monitoring 
stations in 23 countries. Long-term mean values show 

that a large section of central Europe has pH levels of 


4.2 or below (.18). According to OCD, in p)olluted areas in 
Scandinavia, Japan, Central E'urcpe, and eastern North 
America, annual pH values ranged from 3.5 to 5.5, the 
sulfate content of rainfall (S().) varied from 1 to 12 milli
gramis per liter, and nitrate concentrations (NO) averaged 
0.5-6 milligrams per liter (49v). 

More spatially and temporally detailed analyses of 
trends over recent decades are l)Ossible using monitoring 
data a'ailable for the northern European sites of the 
European Air Chemistry Network (EACN). The EACN was 
inaugurated in Sweden in the early 1950s and was the 
first to detect increasing acidity and sulfate concentrations 
in precipitation (50). Over the years, the number of par
ticipating stations varied from 50 to slightly over 100, but 
all the non-Swedish stations have been gradually 
absorbed Iby national institutions, and European monitor
ing is now coordinated by the EIMEP network (51).Sulfate 
concentrations in precipitation increased an average of 
about 2.5 percent per year from 1955 to 1975 at 12 sites 
in Scandinavia (52). Througho ut in1tc1 of tile network,
 
anthropogenic emissions of sulfur increased 50 percent

between 1955 and 1970, but '972-82 emissions in the
 
United Kingdom, the Federal Republic of Germany, the
Netherlands, Sweden, Norway, and l)enmark decreased 
substantially (in Sweden nearly 50 percent) (53). Since 
1975, sulfate concentrations have either decreased-an 
average of 20 percent in Norway and Sweden-or 
remained constant over most of the network (54). These 
observations are consistent with the estimated decrease 
in emissions over the past decade. 

Nitrate concentrations have generally increased since 
the 1950s. A recent analysis of EACN data revealed that 
nitrate concentrations doubled at most stations between 
the late 1950s and the early 1970s, with a less pro
rounced increase in ammoniui (55). For the 12 sites in 
Scandinavia, increases in nitrate averaged about 6 percent 
per year from 1960 to 1980 (56). However, for 12 stations 
inSweden, no further increases of nitrate or ammonium 
were detected between 1972 and 1984 (57). These overall 
deposition trends roughly follow the pattern of nitrogen 
emissions for Western Europe during the monitoring 
period. 

North America's monitoring efforts, which began much 
later, can provide less historical data. Only one site in ihe 
United States-Hubbard Brook, New Hampshire-has a 
record extending over 20 years (58). The data from this 
northeastern site show no marked trend in acidity, but they 
do show a general decrease in sulfate accompanied by a 
roughly compensating increase in nitrate concentrations 
from about 1964 to 1977. The trends in sulfate and nitrate 
deposition correspond to sulfur and nitrogen emissions. 
(For more information on deposition, see World Resources 
1986, pp. 168-169). 

The European Community calculated that reducing SO, 
emissions 55-65 percent (between 1980 and 20(10) would 
cost its member nations $4.6-$6.7 billion per year (59). 
Reducing nitrogen oxide levels a modest 10 percent by 
the year 2000 would cost members $100-$400 million a 
ye'ir (60). 
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F:;.vAlthough the damage costs from material and fish . Table 10.4 Rainwater pH-in Selected Cities,.!.>losses are estimated to run up to $3 billion a year for n 1981 -n83 
OECD countries, air 'pollution damage to crops, forests, L.o '. :....a "" .. 'pH.... ' .... ' 4..f". 
and human, health have yet to be assessed adequately (61). Nocto BCityn :,Ya ;'',6. P9H 

POLLUTION AND ACID- RAIN INTHE 

THIRD WORLD.A CASE STUDY OF CHINA 

Although acid rain isunlikely tobe a major concern in 
most developing countries, it isalready threatening some 
heavily industrialized areas, particularly in China, Brazil,NgeriaandSSuuth Africa(62). 


China suffers from elevated levels of both sulfur dioxide 

and suspended particulate matter. This situation is caused
country in !;9,,459 million metric tons of coalpriciall bthe large amount wereof coal burned in the'coryinal b, 49mlinmtitosocalwr 

u.e....3) 
 '.'.' .Nitroconsumed is 74 percent of the total amount of",jich 

energy use, .... 
Concentrations of SPM have been relatively high

throughout China. The highest levels are recorded in the 
northern cities, with Shenyang reporting an annual aver-
agel value "of 470 micrograms per cubic meter of: ambient 
air. (See Table 10.3.) These high levels are thought to be 

causedby;the larer~volumes of coal consumed in the:' 
North coipled wit natural soil dust: contributions. SPM ' 
also contains large amounts 'of heavy metals and ' 

hydrocarbons, Measurements carried out in the',,orthr
cities of Beijingiand Tianjin revealed that hydrocarbons
(benzene-soluble matter) composed approximately 8 per-
cent of the particulates, and concentrations of lead, cad-
mium, and arsenic were 0.27, 0.003, and 0.13 micrograms 
per cubic meter, respectively (64).

In 1982, S0 emissions from coal combustion amounted 
to between 15 and 18 million metric 'tons,accounting for 
more than 90 percent of the total sulfur dioxide emitted 
in China (65).d iuoxide: concentrations tend to be "high through ' Sulfur d x tend to b hig thrug ......... 

out much of China',but the highest annual averages are,
reported for the southern cities, with Chongqing and 
Guiyang recording values of '430'and 413 micrograms per 
cubic meter, respectively. (See Table 10.3.) The main sources for most of this sulfur and particulate pollution ' 
arethe large b 
are nm rfsla m uvalues 

Table 10.3 Air.IPollution in Residential Areas
ofSl-ted, Cities in, .ofroutoities nChina,1982 .:,,..•,.,-China, 1982 

(micrograms per cubic meer) ' 

Locti '"it" 

Total Sudspended Particulates 

North Shenyang5: 
North 'BeifingSouth 4ShanghaiSouth Guangzhou 

SulfurDioxide, 
Norh 


41 Nrh Shenyang
North Beijing
South, Shanghai.
"South"" 'GuangzhouSouth Chongqinga

South" Giyanga 

J u December 'Annual. 
Averae''1, AverageA'.verag 

" 


324 769 " 470 
165 585 '.403'161' 

' 
322 '244133 194 . 174 

9 691 13253 388 .8' 
53 121 "65 
48 53 52280 610 430 

North TtaIBejngn 
North o
South Najn -South HanIu' 
South Wuhan 
South 'Fuzhou
South Nanning
South Ybin 
South Chongqing
Suth Guyang '1982 

1981: ""' T 
Jan. 1981-Au.1982 
June-Nov. 121 2
Sept.-Dec, 1981 

.' -July 1983 
May 1982
June- No 1981
1982 
1982'...,.' 

'' 

"_ource: Dianwu Zhao and Bozen Sun, "AirPollution and Acid Rain inChina,'
D1.15,No. 1(1986), p 4. 

(66). .... 


.econ...omic347 409 413 tamthe consequences"fcrop'losses causedby 

burning stoves and furnaces used throughout the country
en oxide; concentrations ihie e: cities stil.........::.44 :i:1
(66ni 

appear to be relatively low,reflecting the small number 
.of motor vehicles. In 1981,'the daily average NoX concen

tration in 28 northern cities' was 60 micrograms per cubic
 
meter," and 'for 26 southern cities, it was only 40 micro

' grams per &Lbic meter (67). 
Acid rain sui'Teys conducted in cities throughout China
 

since 1982 demonstrate a clear pattern of acidity in some
 
pat of t untry. Morethan half ofall rain events in'
 

''large areas'soth ofthe Yangtze River haveapH of les" 
' than '5.6 (68). The lowest annual average pH of rainwater
 

is found in the cities of Chongqing (pH'4.14), Guiyang'

(pH '4.02), and neighboring 'areas in southwestern China
 
(see Table 10.4)-values comparable to those in the east '
 
ern United States and Central Europe. ....
.seems....h..


Some' southern cities where, acid rain seemsrather'
 
common have relatively low S02 concentrations, but '
 
some northern cities heavily polluted' by sulfur dioxide i
 
(i.e., Beijing and Tianjin) have no acid'rain at all.

Researchrs 'have discovered that 'in northern China large "' '' am unts o6lfammoria combined with airborne alkaline 

particles bufer the acids before, they reach the ground 

'
 

'(69), ' ' '''"' " '-

Incontrast, paddy rice in the Chongqing area'has been
 

osretounylowaera ran allwiha p eo
obsered t stuin yellow afte aintallwth aspH blowoa 
.5, and the soil i some parts of the city has leowe pthan two decades ago' (70). Further, cid. rain has
 

seriously corroded. metal, 'structures and 'concr'ete works in
 
both Chongqing and Guiyan'(71). 

'rabyn order to determine' more precisely the 'areas affetd
" acid depositi" in China and its effects on-'croforests soils, and cities officials havelaunched an"ambi
11iouss 
 hvlanednami~multidisciplinary research' project, with 'results 

:, . - ' ' ' ' ' 

' ' ' ' ' ' " j
EFFECTS OF AIR POLLUTANTS ON 'A I L L .
 

T ....... '
 
Te' armuleffucts~of ozoneand sulfur dioxide on crops. 
and vegetation havbeen' known for modre than35 years

(72). In. 1980, the' U.S.'EPA'Inc'hed'the, National 4Crop


ssmetN'w'6rk(CLoss Asessmen AN)iaefft to ascer

6 .80~ 

6.385.10 
6.44 

' 4.49
5.74
4.87 
4,14'

4.02 
AMO", 

:'::'![]::i
 ..
 

'VCNote! a. Chin~eseAcadamy of Sciences, unpublished data..,.,. ,...~ .. ~1 .-a........i- e4pro .aP~~
~~ ~ ~.......~ .~.....~ ....... rpollution. Among'isorigialgolAravs
Source: Do.nwu Zhao and Boz"2' ,2 nSun. "ir P.llut.on and Acid Rain inChina," AMB... e r e e p mrogram....
4 ~'i'VcA 15,No. 1(1986), p.2. t6dtrmn'th erltonships between 'dp ~44L~adtodtrie er ai 6t co yie~lds' an 

4., "- ' '8',r' '1 e 

http:P.llut.on


At oor and Ch'r isiphe aat,,-' , ", 7

~ three phytotoxic air pollutants anid their mixtures: ozone, or day for 'several days' to several w'eeks' caused sig-'"~~'sulfur dioxide, and nitrogen 'dioxide,(73). Europeani scien-

tists b'g' to ,show renewed Iinterest in the effects of, 


> nificant yield reductions of 10-50 rcent (77).
As can be seen from Table 10.5,'a vwidevarietyof," """' "' 

photochemical, oxidants and' other~pollutants 'o'crops 'at i usetble'adfreto' o6"nedmgand ab~utjhesame-ime,,and forestsnabout h plan cutiar ad rese., hept years' at-ambient, levels_ (0. s usepe neamgL.) -Research'ineseairch6& hiavealsi b'e-h'uy docuente tt b lto study the synergistic or the facte 
additive interactions among ozone, sulfur dioxide, and other oxidants significantly reduce both yield and quality
nitrogen dioxide. All this work has given rise to a formi- of citrus fruits, grapes, tobacco plants, cotton, potatoes
dable 'literature, particularly on the effects of ozone on (78), tomatoes, beans (79), soybeans (80), two Isweet, corncash crops in Europe and North America. cultivars (81), and even native plants like forbesIgrasses 

..... ,'j :sedges (82). Beari'yields, for example, decreased up to' ,and 

Effects of Ozone on Crops' 22 percent in'response to ozone concentrations in excessi i y i ne ote most'obvious signs0 o 06 parts per'million (83). In some cases, ozone dam
'of zon '...ant ...... age to both beans and tobacco plants' was more severeof: ozone damage, but :most! plants initially suffer from, .dama1gabuftos ::,:; , , ; plantsunitiall sufe from :over a short period than the same dose spread overi'a 
unseen physiological effects of exposure to ozone. In longer time. On the other hand, low concentrations' of 
addition to affecting leafy surfaces of plants, ozone also ....o n. p .. the plants ,d a fro m 
limits growth, 'decreases yields, lowers crop quality, and ozone probaypredspose e plantstodaage
increases plant susceptibility to abiotic and biotic stresses subsequent episodic ozone exposures (8ri).' 

rom 

(74) Experimentsleels.in theSigifian'reugin'United Kingdom 'also revealed thatat ambient in plantgro 
=Ozone enters a plant throughits leaf openings at .... levls re"Ozoepantetersahrogh is laf oenigs (to-asto-: ambien Sinfcn utin .........
number of crop species are 'sensitive growth."to ozone exposure 
mata), Ifenough ozone penetrates the sensitive cells of a and yield were evide ntin wi clover, r c v French
leaf, photosynthesis, which is,necessary for plant growth beans, peas, spinach, radish, and barley (85). Similari:" 
and development, is disrupted, Injury to the leaf (e.g., experiments in Denmark revealed the fact that ambient
necrosis) isvisible, and the secondary effects are ozone levels damaged rape, pea, and bean plants (86).manifested in reduced root igrowth and/or reduced yield I htceia oiat'mar ln rpoutv " 
of seeds or fruits (75).f" capacity, interfering with fertilization in soybeans, corn,'.' 

"...Anal1yses of.. orethan'e 100 dies ofagrictural crops wheat, and ornamental plants (87). Further, chronic ozone
and 18, huidies of tree species performed in the United exposure predisposes both crops and trees to root rot and 

that foliar injury on sensitive agricultural eshow nematodes, and other diseasedamage from insects, fung,

crops'can be caused by ozone concentrations aslow as organisms (88).

0.04-0.09 parts per million and on trees and shrubs with'
 
concentrations of 0.06-0.17 parts per million'i for a four- Th C 
hour' exposure (76). In general, the data indicate that 
ozone concentrations of 0.10, parts per ill~ion (frequently working with the,'U.S. National, Crp Lss',Economists 

the lowest concentration used in the studies) for a few Assessment Network believe that ozone damage' to U.S.'"' 

Table 10.5 Ozone Concentrations at Which'Certain Plants Suffer Yield Losses 
' .Duration of '"~" '~~ , Percent of Ozoz~..~neConcmntratlonPlantSpecies "- ~ Exposure"Q "'", Yield Rdution";' permilioni)'~~''1'.(parta 

Alfalfa t 'd 70 dl 51, top dry wil 0.10'Alfalfa '7 
' 2 21 d 16: top dry, M eh/d, 0.10Pasture grass h~d,5 dlwk, 5 wk~ 20, top dry' wt 0.09Ladino lover 

-4 

had,5 d 20 .shoot.dry..'6 0,10
SSoybean 6 h/d, 133 d , seed wt/pta-t 0.10 ''Sweet corn 6 h/d, 64 d 

'55 

45 seed'w 0piant 0.10Sweet corn 3 h/d, 3 d/wk, 8 wk 13, ear fresh wl 0.20Wheat ' h/d,7d 30, seedield 0,20
Radish 3h 

eet 'I' 33, root dry wt 0.25B~,,~ 2h/d, 38 d ' 40, storage root dry wt 0.20
otato 3h/d every 2 wk, 120 d 25 'tuber wt '. 0.20

h d, 3 dlw-k,d311 wk .19, fruit dry wt 0.12
Cotton 6 h/d, 2 d/wk, 13 wk 62, fiber dry w 0.25 

' 

Carnation 24 h/ 12 d 74, flower bud no 0.05.009Coleus' 2 '20, flower no,tBegonia ' ' 
024 h/d, once every 6 d for a total of 4 timnes 55, flower wI 0.25"'-r'undeoapn 6 hr/d, 126 d 21, stem'dry wt 0.10Western white pine 6 h/d, 126 d 9,stem dry vi 0.10Loblotly pine ~ ' 6 h/d, 28 d 16, height growth 0.05 i'

Pitch pine 6 h/d, 28 d 13, height growth 0.10 
Hybrid poplar 12 h/d, 102 d ' height growth '0,15,~"~~aRd mal 8 htd, 6wk~ 37, heighi growth 0.25' Aerian"sycamore " 6h/d, 28 d 9,height growth '0 ''"0'-Sweetgn ''i 6h/d, 28 d 29, hegtgrowth 0.10,' '"-' 

"'AWieas ""~~ hild, 28 d -- total dry wt 0.15..'-17,
Green ash' o,~ h,' 28 d' 24,' height growth'"'' 0.10 

'"a ' oak"' 6. d 28 d.19:"~illow height growth ~ , 0,l115
B .Sugar, maple ' ' ' ' ;'6 q d_ 12, height, growth -.  5 , 

'H ''"4Note a, alata y4ids were reduced 51percent as measured by d Weight"'I T' ''-) '' I' I~''~ '.' "'~ 

"'Source: 
Davild ,~The Etlects ofOzonre cT "1~ on) Plants inthe N Saein Proc,tedings otan International Woi'kshop on the' Eva'ua!/on ano AssessmNrno!the EllxisofR,~ohffna

'0-,,";" r'e Ciops, Foreseiry, aensend Visb,!iy, Perin-,a Grernnelt ad. (Swedis-hiais on Humran eii.Agricu M Envirorimentia Research Institute, Gothenburg, 1984). p,69 '2~~ ~~i'!t 

V- l 1i9.7 

4 I"'~' 

I 

http:0.06-0.17
http:0.04-0.09


Atmosphere and Climate 

crops amounts to $1-$5 )illioni a year. NCIAN estimates place the aunOUt Of damnage at Li) to 1.5 muil
researchers have determined tha it a 25 percenmt reductin lion hectares for Poland, 2.5 milli(n hectares for the Ger
incurrent ozone levels throtmglit t North Auieri(-a would mai Democratic Republic, and more than I million hec
result ina beiieit to society ot from $1.I to $.9 iilliori a tares for Czechoshwakia (95). 
year (le)eniding ()iithe uilderiyiig assumptions. Coll
versely, a 25 percent hicrease in ambient ozone concent
trations Wouild cost societv $.9-$.3 billion a year in lost 
production (in 1980 dollars)il. North America's hgher elevation eastern c,,niferous 

forests have experienced a rapid and severe deterioration 
since 1983-84. h'lhemost severely affected areas are in 

MULTIPLE POLLU'IANIS AND the Appalachian Mountains from Georgia to New 
FOREST DECLINE England. (For a more extensive discussion of forest 

declines in Europe aiid North America, see Worhl 
Forest Declines in Europe Resources 1986, pp. 203-224.) 

A six-state study in the southern Appalachian region 
As of the end of 1985, at least 7 million hectares of for- recently revealed that Eastern white pine (Pinus strobus) 
est lands in 15 Flunr)eall cotuitries had been affected by is suffering from Dollution-related declines in23 percent 
Kihlsterhen (forest death). The massive forest decline of the stands surveyed. The area with the highest inci
olbserved in the FeCdcral Republic of (Gerniany over the dence of decline was in Kentucky, where 77 percent of 
past six years al)Iears toIbe leve ling off-at least illterns all tle white pine surveyed showed air pollution da:nage 
of its geogLjralhical di:;tribttiou-tlit lihthlsterhen is (!);). more trees with airEven alarming is the finding that 
increasins, iii extint and severity ii Switzerland, Austria, pollutioi damage "were growing 19 percent less volume 
Czechoslovakia, Poland, tile (;ermai lDemocratic Reptlhic, on the average than healthy trees, resulting in an annual 
France. Italy, Yugoslavia, ai (I Swedeii. UdIlsterh'n-like loss of $708,0(10(1" (97). 'Flie main )ollutant known to darn
sYnil)tinS are seen illthe I iiited Kingdom, but govern- age white pine is ozone, along with other l)hotochemical 

tint Cflicials have vet to acknowledge thell formally oxidants. 
oo). (For more ( An extensive research prograin is Underway Mountinformaoition Oii lest ilt'lines iii Iurope on 
;ii(u North Aieric ta.See lt RsoM ,s19S,6, pp). Mitchell, North Carolina, to study the widespread decline 
203.-22,t). of both Fraser fir and red spruce noted over the past 

Swiss forests, which cover a full qiariter of tilecountry, three years. (See Box 10.2.) 
were particularly hard hit iii 1985-86 ()verall, at least :36 Recent studies indicate that Canadian forests are also 
percent of the country's forests are affected by W1alster- threatened by acid deposition, heavy metals, and ozone. 
ben (1). 'The most severely affected regions are mainly in Of Canada's 161 million hectares of productive and acces
the Swiss Alps, where trees are vital barriers against sible forests, '16 million hectares, or 28 percent of the 
avalanche!;. Switzerland's Federal Office of Forestry total, receive wet acid sulfate depositions greater than 20 
reported that the disease syndrome has attacked or killed kilograms per hectare per year (thc threshold at which 
some ,43percent of tie trees in the central alpine region sensitive lakes are known to become acidified) (98). Even 
situated between the French and Italian borders to the higher levels have been recorded. Wet acid sulfate depo
west and the Austrian I rtler to the east. Inaddition, at sition exceeding 10 kilograms per hectare per year falls 
least 5( percent of the trees inthe mountainous canton regularly on southwest Ontario andI southeastern Quebec 
of Grisons (intie southeast) have been stricken (92). !)), and acid nitrate ranging from 10 to 30 kilograms per 

The F,'deral Republic of Germany is still the most seri- hectare per year is found over smaller areas in western 
ously aiected country, with 3.8 million hectares, or 52 and eastern Canada (10(). Clearly, some Canadian forests 
percent of its forests, invarious stages of decline and receive excessive amounts of acidic deposition, but so far 
death .n(. no massive Waldsterben-like declines have been reported. 

There is some optimism, however, that some of the 
declines in West Germany can be reversed. 'Frees suffer
ing from deficiencies oh calcium, magnesium, potassium, A Comparison of Declining -and Healthy Forests 
zinc, and nma:!.,anese inlthe Black and Bavarian Forests Dr. Robert I. Bruck of North Carolina State University in 
recently recovered when they were carefully fertilized Raleigh has compiled the results of a three-year study 
with the appopriate combination of soil nutrients (91). comparing the relative health and growth of higher-
Scientists cautioned that this measure is not a cure for elevation stands of conifers in the Black Forest area of 
Woldsterhen, (1ily a stol:gal) until overall pollution load the Federal Republic of Germany; the southern 
are reduced. 'Thismethod of treatment, of course, does Appalachian Mountains, the Mount Hood area of Ore
not apl)ly to all afflicted forest stands, only those where gon's Cascade range, the Gothic Mountain-Gunnison area 
nutrient deficieacies dominate other symptoms. Nonethe- of the Colorado Rocky Mountains, and the Alaska Range 
less, it holds promise as an immediate way to reduce surrounding Mt. McKinley in the United States; and the 
damage from Wahidslerben. Mount Everest Solu-Khunbu region ol the Himalayas. 

'he forest declines observed in Poland, the German The results, depicted in Figure 10.2, show significant 
Democratic Republic, and Czeehoslovakia are thought to decreases in annual radial growth rates only in Central 
be far more severe than official figures indicate. Unofficial Europe and eastern North America, areas known to be 
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Box 10.2 Disaster on Mount Mitchell 

Mount Mitchell, North Carojina,Is the Although some biological factors affected thehighest peakmi eastern North America But ,decline'of Fraser fir.no significant biotic or Figure 1 Decline of Red Spruce, :7if it .higlt U tinspruce-fir borests-con '" 

7 

tinue to ddiiie as rapidly, as they are at assoliated w'ithi the red ' price declines, Figure 1984 -86 'present, the' entire crown of themountain I illustrates the raplidiit ofthb decline syn- :

will either be bald or its once lusii conifer- :,~ of the rcent ofiiees Sampled
drome. In 1984,~ near];0 n 

ous ecosystem~ will be replaced with some- spruce on Mounit Mitchd'l I show~ed the normal 100 
 "thi.g.ntirely different. ' range of defoliation (0:40 percent). By 1986,
AccoMding 
 to Robert 1.Bruck, the project over 60 percent of the spruce was suffering 90
 
director on Mount Mitchell, whatever replaces foliage losses of 11-50 percentwith a total
the spruce-fir ecoFystem must be able to with- stand mortality of nearly 10 prercent. 80stand the alphabet soup of pollutants that Although Dr. Bruck cautions that scientistsspills over the mountain' almost daily. During may never find any s)okii} pistols in this 70the summer of 1986, Dr. Bruck and his col- decline syndrome-definitely linking specific
leagues discovered unusually high levels of air pollutants to the decline symptoms-strong 60,pollution at two monitoring stations high on correlative evidence suggests that airborne

the mountain. On a number of o&.'asions, chemical pollutants are important to this proc-' 50
 
ozone concentrations were observed above ess of destri.ztion
120 parts per billion-the standard set by the' , . , ." 40
U.S Environmental Protection Agen ,&(EPA)

that should not be exceeded fo)mi're than References and Notes 

one hour a year. Inone 35-appe od, that " 

3.
 

' concentration was exceeded II tirs 1.Associated Prs,"znBlmdfrA-
gener- inAo c a n Tress 20'Ozone Blamed for"All-oally for several hours (tj. Similarly, the acidity

of the clouds that swaddle the mountain in Observer (August 11>1986, Charlotte, ' ', 0 ' 

mist and fog for. seven days out of ten Is North Caivlina). '.'
 

extremely 'high: 'pH levels range from 2.4 to 2.Robert; I.Bruck, Professor, North Caroina 0
 
;47, with many cloud events'showing a pH of '.-Sthte University, Raleigh, 1986 (personal 
 1984 1985 ' 19862.6 or below -1,000 times 'mnre acidic than commu'ication).o0-oa0,defoliation

normal' rainfall at pH 5.6 (2).In addition, 3.Robert Bruck, "Boreal Montane Ecosystem

e-;evated levels of heavy metals have also 
 Decline in the Southern Appalachian 11-50 defoliation


been found, with lead concentrations reaching 'Mountains: fbtential Role' of Athropogenic Pollution:inAr Pollutants Effects 
two grams per square me.ter of forest floor n u i i P t E s5 d i(up to ten times the normal concentration) (3), on Forest Ecosystems (Acid Rain Founda- Dead
The result is'a dramatic and sustained tion, St. Pl, Minnesota, 1985), p.150,
decline in tth radial growth and needle ''derd pfri( F s e ):: . ' .- : . i - Source:JaimeCavaier,. l Ob s e rv a Robert Slruck. Summaryaot n tins i fi a n ] : i~ e cre , , ' ': I n ita tht i on s atMount M itcire l (nortt C a ro l i n a St a t e .:
retention for Fraser fir and red spruce. Uiursty. Ralogh, 1986) 

' affected by high levels of atmospheric contaminants. Fur
ther, the growth r-ues of the 'afflicted trees had been of ultraviolet radiation (UV). Without this'wavelengths

decreasing for 20-30 years before any visible symptoms radiation shield, 'more UV radiation would reach the surof, damage appeaired. ' ' ,. face of the earth, damaging plant and animal life andElevated levels of heavy metals wc._Yr' o detected in greatly increa,.ing the risk of skin cancers 002).the soils of declining forests in Central Lirope and the I.1974, two scientists, Mario Molina and ES. Rowland
southern Appalachians, levels not found in healthy of the University of California, postulated that the wide-'forests. High concentrations of lead, usually over 400 mil- spread use of chlorofluorocarbons (CFCs)-highly stableligrams per kilogram of soil, were found in the West Ger- compounds usedin aerosol propellants, refrigeration;,man (Bavarian) Alps, arid, in the southern Appalachian foam-blowing, and industrial solvents-could have Adverse'Mountains, levels were consistently over 200 milligrams effects on the world's ozone shield (103). They hypothe-'
per kilogram of soil sampled (101),. 

' 

'sized that CFC gases could add chlorine to the strato
sphere and, through complex chemical reactions, reduce,
the amount of stratospheric ozone, allowing more harm
ful UV radiation to reach the earth's surface. 

FOCUS ON: DECREASING LEVELS OF ' This hypothesis had a profound effect on both the -C FC,STRATOSPHERIC. OZONE a sindustry' and national governments. The United , 
Ca.nada, andSwedenfirst banned the nonessential usesOzone (03) is a variant of oxygen, present throughout of CFC propellants in spray products, and several otherthe atmosphere but conrientrated in a belt between' 10 Nordic countries followed suit, According to OECD, thisand 50 kilometers above theearth's surface. Although action resulted inaninitial decrease in the world produc

ozone;in the troposphere (nearest the ea"rth's surface) is a tion of the two major chloroflIuorocarbons-CFC-11 aid vpotent pollutant adversely affecting hunmp. health and CFC-12-from 850,000 metric tons in c1974 to'a'roind " plant life, it isa valuable component of fhe 'upper ' ' 740,000 etric tons by 1979 (104). However, total CFCatmosphere, where it acts as a filter, absorbing harmful production data have not been available since 1975," i "',': 

Mil He 1 
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<Figure.10.2 Tree Growth in Six Boreal Forest's, numbers ar uncertain because of the absence of a' 
IcentralizedI92O1 8.5a reporting for halogenateddieemicals other 

tha CFC-1f-heFlveearCombned- C~-11and CFC-12--,and rlesesf some otlr~than on 
Average FioYa Cobie 0 a rpil, 

l(ilimtes II ~1'j I i,~ theste fig iisarei accurate,{the iiitial 'decrease in:'\production registeredtmd7,asbeofe~y25 Iprdtingitrd i: 1974:.has been offset by inczeases.in CFC,use, particularly within ECDcountrie's, most ' 

4 *. ,~~' likely';as blowing agents 'in closed-cell' fioiivand as so]-
,~.vents. It is thought that non-OECD countries also 

2-increased production and use. of CFCs between 1984 nd 
1985, although no comprehensive figures are available 
(108).le 

According to the CMA, the cumulative amount of 
CFC-11 andf'CFC-12 produced through 1985 Isestimated at 

, 

-i6.3 million metric tons and '8.5 million metric tons,
respectively (109 ). 

Emissions of CFC-11 and CFC-12 from 1925 to 1985 are 
shown in Chapter 25, "Atmosphere and Climate:' Table 25.2 

-and Figure 25.2. Emissions grew steadily and peaked in the, 

) I 

.* ' 'they 
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1920 1930 1940 1950 1960 1970 1980 

Alps. West Germany (Norway Spruce) N -208 

- South Appalachians (Red Spruce) N - 1/00 
- -Mount Everest region. Himalayas (Silver Fir) N =470 

. . . . . Rocky Mountains, Gothic, Colorado (Englemann Spruce) :::an 
IN= 130 


- Cascades, Oregon (Douglas Fir) N -'278 

Alasra Range, Alaska (White Spruce) N = 391 


annal rdiaconcentnsrationsom sx boeal1ontneI Noe: aAverge o fiv-yea'co~ine 
ecosemson tee conltinens Al trees were dominant or crdomnant Ifrom wellstocked un
disturbed stands, Tends show rsgnfcanl decreases inannual radial growth raes only inCe. 
-a Europe and eastern North Arica:f 

Source: Robert 1.Bruck. 'Studies Concerning the tncidenceaof Forest Decline on Three Con.linnts (upubishd,Caolii Salo to 61,tainort nivii Raleigh, 1986), 

unbledNothaoin Se U y R. ),1:late 
.... 

14 when the Soviet Union, Eastern Europe, and China . 

stopped reporting production ll
Current estimiates are based mainlyon data provided 

by mnfufactuirers in the. OECD plus a' few developing, 
countries (.., Bzl adIndia)sl to'~"th hmic~al Mnfap 
turers Association (CMA). According. to CMA data, the" 

early 1970s. Although they declined during the late 1970s, 
began climbing again in the early 1980s. 

Trace Gases and Ozone Concentrations 
$-tratospheric ozone is particularly affected .by changes in 
the concentrations of the CFCs, carbon, dioxide,' methane,'
and nitrous oxide, the same gases that, aftect global tem
peratures anid'drive climate chang (no). (See Chapter 25, 
'Atmosphere and Climate:' Figure. 25.1.) As of the end of1985, average global atmospheric concentrations of 
CFC-11 and CF-1" amonte to 3 ~r e rlinVol
ume and 400 parts per trillion, volume, respectively Con
cetain ofteec;rfurcrosaeicesn 

ac ur o b forsea increasing 
annuallyat rates of abou5 percent forCFC-11 and 
CFC-12 on) and 10 percent for CFC-113. Concentrations of 

.. methane and nitrous oxide were also' incasig: methane 

wrnil5 partnratinsprts evolumeo'vo atetheh
endoo 1985, increasing at an averageannual rate of.aboutab 1 percent (112); average'glOb concen'tain~weeeeaobo t344 p ati&rs blinvlmilon v (s ft3 er um-e a f 

1985), increasing at an annual rate of 0.2 percent !: 

<j~
 

(113). Carbon dioxide concentrations havebeen increasing. 
1 

at a rate of 0.4 percent per year. (See Tabl 10.7.) 2q 

w:~ ~. . . . . . '~. 

Table 10.6'Estimated World Use of Potential 4'Oione.Depleting Sibi; tnfeP 1985 

'(thousandsof metric onls2 

77OhrhCnry 

14Unitled Reportingi Planne 
111 4production'of CFC1I and CFC-12 incre asedfrom 694,500 - llChemicaWorld states" Countries Econamilesa1'3te0 2250'n 1E 425 z -'--

ietric tons in .1984to 703,200 metric tons in 1985 6O). CFC 12 443.7 1 135.0' 2300 r, 
14 

'' 78-7,7 
ecent estimdates provided by the Rand Corporation and A CFC-113 163.2 73.2 4 85.0 '4 50 ' pMethyl chloroform ~15446'11 

the'US EPA indicate thatr the World use of, CFC-11 and Carbon tetracl loride 1.029.0 270.0 187,6: J. 4<870'L{280,0 5900..o:0 1... 

,,,I '80, ,5 54 : :590': .0 . i:<..15 0o-,: '
4 Hao 13019O.,!: .,CFC 12 in 1985 (including estimates for the centrally ~ Halon1211 ' 10.8 "" .< , 8.14 0.04~U,'. 

41i4".,pl'anned economies) amounted to more than 785,000 ''"atr s tc 
'ly~;14ons etic -about~ithth~UniedStae~ Easem Europei n otrepote topo duction and use China, and *"Note:metri tons wit a,Estimated data,4'The centrally planned economies, Including the USSR, USSR,1 figufre-,&ne1975 TIhe 

h' ae howeer reported sortmefigures In Septe (a rnited'St - -' ' ,coun'tingber19864one quarter to one half'the world'use of CFCs and other,~ Source' Jamnes Uses',m' - K.Hamll
1955ef200 at Productr andarket Trends lo., Potent/at O"4 d4 

Deeeting Substanie , R3386 EPA (Rand Corporation, Santa tMonlca, .<4fully halogenated halocarbons (107) ,(See' Table106) The -. ' c s. 1986).p. 2-'~~4.414II4 4 A 

1 4 ''kl , )34 
1'~A11~ "I'I -'-ii1 41444j~44U~~1.4l.l4444144 -141 ~ 4~' '1~ '4 K1'-14__ 
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, - Table 10.7 Increasing Concentrations of Trace 
Gases', 1985 

Raeof 
Increase(percent 4fe . u Lifetime

Gas ' per year)' Effects,~ i Sources 7i~4(years)
Carbon dioxide /,1 0.4 Added greenhouse Na urat, 10.15 

0.2-0,7 effect combustion 
- Lets)

Mta. 
Methane Addad greenhouse Natural, 7-10ep

1-2 effect foodreappeared 
production

Nitrous oxide 0.2-0.3 	 Added greenhouse Natural,' 100 
effect, ozone combustion, 
depletion agriculture
(stratosphere) 

CFC- 11 and CFC-12 >5 	 Added greenhouse Anthropogenic 50-100 
effect, ozone
depletion 

Others 

CFC-1 13 10 
 Ozone depletion Anthropogenic LongCFC-22 11 (stratosphere), 15Methyl chloroform 5-7 added greenhouse 6 
Carbon tetrachloride 1-3 effect >50 

Source: Adapted from RA. Rasmussen and MAK. Khalii, ''The Behavior ofTrace Gasethe Tropophere," TheScience of trie Total Environment, Vol. 48 (1986), p.177, 
i 

Concentrations of two other gases that have less impact 
on stratospheric ozone depletion have also been increas-ing. They are methyl chloroform (130 parts per trillion

;volume increasing at a rate of 7 percent per year) and . 

carbon tetrachloride (125 	parts per trillion volume, 
. increasing at a rate' of 1 percent per year) (114). 

Early estimates, based on limited data and the use of 
' 

one-dimensional models, 	indicate that the continued use 
of CFCs at mid-1970s levels would result in an ozone
reduction of 7-13'percent by the middle of the next cen
tury (115). However, newer one-dimensional models based 
on the long-term release of CFCs at 1980 rates suggestthat the vertical ozone column would be reduced about 
5-8 percent by 2050 016). This figure assumes no increasein the other key trace gases (mentioned above), Using 
the same base year (1980) and assumptions as the earlierestimates, two-dimensional models predicted a global
decrease in the ozone column of about 9 percent by
2050, involving a reduction of around 4 percent in thetropics , 9 percent in ttietemperate zones, and up to 14,, 
percent inthe polar regions (17). 

In 1985, when British scientists monitoring the ozonelayer over Antarctica reported a thinning of the ozone 

shield (commonly called a "hole"), the debate switchedinto high -gear: 18). The hole is now roughly the size of
the continental United States, and it appears to be grow-
ing larger every year, In this hole, springtime ozonelevels have decreased more than 40 percent since the 
mide1970s (119) (See Figure 10.3.) According to Dr. , 

winds, and some complex chemical processes that may 
result from the unique meteorological conditions in the 
polar regions. According to the,,;National Air and Space
Administration, however, "it is not yet evident whetherthe behavior in Antarctic 	ozone is an early warning of 

ozoneror 
be confined to the Antarctic due to the special geophysi
cal conditions that exist there" (121). Preliminary results ofstudies carried out in late 1986 indicate that the holeared tt in 	 e (b hoae ...

and that chlorine (cause phemns 
one of several plausible explanations of the phenmenon." 
(See Figure 10.3 and "Recent Developments:' below.) 

Figure 10.3 MonthlyMeans of Total Ozone at

Maso
Halley Bay, Antarctica, October 1957-85 

Total Ozone Chlorine 
(mi li.atmosphere. (parts per billioncentimeters) by volume) 
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--- *.Source: FSherwood Reland University of Calornia attrvine (unpub'lshed October 1986). 
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RECENT DEVELOPMENTS , 

EARTH'S CLIMATE WARMING FASTER 
T-AN PREDICTED 

Rowland, the hole 	 ts "unprecedented anywhere else inthe atmosphere. It was not predicted The questtions now Nineteen eighty-six may well be remembered in science 
are will it spread and 	how rapidly will it spread"(20)- circles as the year when a consensus, of sortswas 

SA.The 7 hole in the ozone layer 	has prompted another reached on global climate change. New, more sophistidebate about its probable causes. Chlorofluorocarbons are 74cated computer models (called GCM-mixed layer oceanVh_,thd Ram 	 '98suspect, of course, but so too are solar. radiation, polar 

.-

miiodels), using better data,.indicate that the earth's cI <4
77"' 7mate7x"67 -77 	

-

is not only grow~ing warmer but i s doing so faster~7~~ 
37 7n; 'm47' 
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than scientists had previously predicted. As a result of tion in production of CFCs followed by a gradual
 
increasing levels of carbon dioxide, combined with rising phase-out.

concentrations of other important trace gases like CFCs, In the fall of 1986 U.S. and European CFC manufac
methane, and nitrous oxide (see "lhble 10.7), global tern- turers reverse(! their previous positions and supported a 
peratures may increase 3.5-1.211C by tile middle of the limit on production. The DuPont Company, the largest
next century (122). In stipport of this prognosis, the World CFC manufacturer, went a step further and said that if 
Meteorological Organization (WM()) reported that the iproduction of CFCs is totally or almost totally banned, it 
increased growth of clinlate-impacting greenhouse gases could economically produce safe and effective substitutes 
is now 3-10 times greater than the mean rate for the within five years. It already has a product, F-22, which 
period 1850-1960, mainly because of increases in the has less effect on stratospheric ozone. F-22 is already in 
production rates of cu rbon dioxide and of other impor- widespread use in refrigeration and air conditioning appli
tant trace gases (12:). (For further discussion of climate cations. DuPont, which has been looking for substitutes 
change, see ilrld Resources 1986, pp. 173-177.) for CFC-11 and CFC-12 since 1979, is also experimenting 

Although there is now a general consensus within the with ClFC-134a, which deteriorates before reaching the
 
scientific comintinity that the world's climate is likely to Lpper atmosphere. Because retooling for and producing
 
grow warmer, how soon and what policy responses su)stitutes for the current chlorofluorocarbons would be
 
should be ilnl)lemented to deal with the change are still costly, no single manufacturet' is likely to take action in 
disputed. An Advisory Group on Greenhouse Gases the absence of direct incentives or an international agree
(AGGG) was established in 1986 as a result of 1.he 1985 ment to limit or ban CFC-11 and CFC-12. 
Villach Conference. (See Woirld Resources 1986, p. 175.) A study by the World Resources Institute concludes
 
Meeting in Geneva in June-July 1986, AGGG agreed that that global CFC emissions could be quickly and afforda
limiting emissions of the greenhouse gases-cabon diox- bly reduced one third by using CFC substitutes, banning

ide, methane CFCs. ozone, and nitrous oxide, among aerosols, and recycling CFCs (129).
 
others-should )e achieved primarily through energy con
servation (12,1). 
 HOLE IN OZONE LAYER STUDIED 

Other meetings, in Vienna land Washington, D.C., 
echoed the concern expressed by the AGGG. Scientists In August-October 1986, 15 scientists from a variety of 
and policyinakers alike are concerned about the impend- institutions flew to Antarctica to study the hole in the 
ing rise in sea levels predicted by the newer climate earth's ozone shield that appears over the frozen conti
change models. According to the latest assessments, nent in tile Antarctic spring. The scientific team launched 
global sea levels are expected to rise '20-140 centimeters 33 balloons with upper atmospheric measuring instru
by the year 2050 as a result of melting polar ice, shrink- ments and took spectrometric ground readings in an 
ing cantinental glaciers, and the oceans' natural tendency effort to understand interactions of the gases involved in 
to expand when heated (125) (126) (127). As a result, both 	 ozone depletion. 
the Geneva and Vienna groups recommended regional The U.S. National Science Foundation reported that the 
studies on the impacts and policy responses to such cli- expedition confirmed a large hole or depression in the 
matic side effects as drier grain belts and rising sea ozone layer, but so far there are not enough data to 
levels. Climatologists are urging that the first areas to be establish its cause(s). Team Leader Susan Solomon, a 
evaluated for potentially harmful impacts from climate chemist with the National Oceanic and Atmospheric 
change should be North America's Great lakes region, Administration in Boulder, Colorado, stated that "we sus-
Southeast Asia, and Europe's boreal iorests (128). pect a chemical process is fundamentally responsible,' 

Climate change is a much i-c;re complicated issue than thus dampening theories that polar winds or high solar 
it was a few years ago, when controlling carbon dioxide activity causes the hole to appear each spring (130). How
emissions (from burning fossil fuels) was thought to be ever, scientists hope that when all the data from the 
the main solution. 'he scientific community now main- expedition are finally analyzed, a clearer picture of the 
tains that ozone depletion and climate modification can cause(s) of the hole will emerge. 
no longer be considered unrelated issues because the 
same trace gases affect both ozone levels and global cli- CZECHOSLOVAKIA WORKS TO IMPROVE 
mate. ITS ENVIRONMENT 

DEPLETION OF THE OZONE LAYER 	 Czechoslovakia, one of the most polluted countries in 
Europe, is beginning to take action to reduce air pollu-

International negotiations began in December 1986 on tion. In mid-1986, the government announced that it was 
implementation of the Vienna Convention for Protection taking steps to clean the air by spending a rather modest 
of the Ozone LIyer, signed by 28 countries in 1985. The $200 million over the next few years to combat air and 
United States proposed an immediate freeze on produc- water pollution (131).
tion of chlorofluorocarbons and a gradual phase-out. In Part of the money will go toward developing new tech
1985 The European Community proposed a freeze on niques for cleaning the dirty brown coal burned through
production capacity,which would allow a growth of out much of the country, eventually eliminating up to 90 
about 30 percent in production, tinder current capacity percent of the sulfur oxide emissions. 
Several nongovernmental organizations, including the if,>anwhile, thousands of hectares of damaged forest 
World Resources Institute, proposed an immediate reduc-	 lands in the northern part of the country are being 
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pelted with "lime bombs" dropped from aircraft. In July
1986, 1,350 hectares of the Besklds Mountains forest, 
south of the city of Ostrava, were sprayed with dolomite 
lime in an effort to promote its recovery from heavy
assaults of acid rain and other pollutants. In August 198(, 
another 1,4150 hectares of degraded forest land in 

Jeseniky, near the Polish border, were dosed with lime 
(132). Yet it is doubtful that liming damaged forest soils 
will help reverse forest decline; only reductions of pollu
tants at their source will bring long-term relief to the 
country's threatened foi,,stlands. 
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11. Global Systems
 
and Cycles
 

We are witnessing the birth of a sweeping new science. other hand, abiotic nitrogen-sulfur interactions are perva-
From it will come a powerful new understanding of the sive in both soils and the atmosphere. 
planet's structure and metabolism that could vastly This new science is emerging now for three principal 
improve the chances of sustaining billions more people. reasons. First, research over the past 30 years has pro-

This new science, which is an integration of the tradi- duced a dramatically new understanding of the planet, 
tional disciplines of geology, oceanography, ecology, revealing it to be in a state of constant motion and 
meteorology, chemistry, and other sciences, has a variety change rather than fully formed and stable. Manifesta
of names-earth systems science, global change, and bio- tions of this planetary activity, such as earthquakes, vol
geochemistry. Its subject is nothing less than the compo- canic activity, mountain building, and continental drift, 
sition, behavior, and interactions of the planet's nonliving can now be consistently explained. In addition, advancing 
realms or phases-the atmosphere, geosphere, and understanding of the atmosphere, geosphere, hydrosphere, 
hydrosphere-and its living realm, the biosphere, which and biosphere has revealed a degree of interaction 
encompasses parts of each of the others. among them that was previously unrecognized. In turn, 

This science also concerns the planetary distribution this understanding leads to the realization that, as com
and the cycles of the chemical elements essential to life, plex as each phase is, none can be studied or understood 
especially carbon (C), nitrogen (. ), phosphorus (P), and in isolation from its interactions with the others. For 
sulfur (S). These four are of greatest importance because example, the exchange of heat, water, and momentum 
they are required in large amounts by every living organ- between the atmosphere and thc- hydrosphere largely cre
ism: carbon because it is the basis of life as we know it, ates the global climate. On a more local scale, a mutually 
nitrogen because of its structural role in all proteins, reinforcing interaction between vegetation loss (in the 
phosphorus because it links nucleic acids (the genetic biosphere) and surface albedo, the reflective power of the 
material) and because high-energy phosphate bonds are earth's surface (in the geosphere), may create or prolong 
the energy currency of all cells, and sulfur because of the droughts. 
sulfhydryl bonds that give proteins their three-dimensional A second reason for the emergence of this new science 
structure and hence their specific activities. The cycles of at the present time is that recent advances in technology 
each of these elements, like the planet's phases, interact have only now made it possible to measure and monitor 
with each of the others in both living and nonliving sys- the globe on a va '. scale and to analyze and store the 
tems. For example, the local c'rbon-nitrogen balance mass of data that are required. Remote sensing devices 
regulates the rate of decomposition of organic matter, on satellites and other airborne platforms and develop
and the amount of phosphorus that is available strongly ments in computer capabilities are the key advances but 
controls the rate of biological nitrogen fixation. On the by no means the only ones. Extremely sophisticated sen-
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sors of various kinds on land and at sea are also provid-
ing unprecedented insights. For example, a new long-
range sidescan sonar developed in ('reat Britain, called 
GLORIA, can be towed behind a ship to poduce detailed 
scans of the seabed. ()n its first trip, G(L)R!A revealed 28 
new volcanoes on the ocean floor in a i984I program,
GLORIA scanned 850,000 square kilometers in 96 days,
providing nearly complete coverage of the !..S. Exclusive 
Economic Zone on the west c(ast from Canada to Mex-
ico at a cost of about .10 cents per hectare i1). 

The forging of this new science, which requires scien-
tists to move beyond the familiar disciplinary niches in 
which they are trained, is the result of a growing sense 
Of urgency. It is clear that human actiiities have reached 
a scale great enough to affect planetary biogeochemical 
cycles. Carbon released from fossil fuel burning (and per-
haps as a result of deforestation) has altered the carbon 
cycle, just as industrial nitrogen fixation and the release 
of nitrogen from chemical fertilizers have changed the 
natiral nitrogen cycle. Synthetic choloroflourocarbons are 
€epleting the stratospheric ozone layer-with ramifications 
throughout the atmosphere. Erosion and deforestation 
caused by humans have accelerated the flow of sedi
ments and nutrients to the ocean, while irrigation sys
tems have iterrulted the flow. Deforestation in the Amea-
zon drainage basin could multiply its discharge manyfold 
in the near future. Conversely, th olorado and the Nile,
which once discharged more than LImillion tons of sUs-
pended matter per year, now discharge essentially none (_).These examples are a few of the dozens that could be 

cited. The characteristic they all share is that the conse-
quences of these hunian interventions are largely unknown 
The driving sense of urgency behind the emergence of 
the science of global chinge is the recognition that it isessential to understand these natural systems if humanity 
is to live successfully with its new ability to alter them. 

Because of this intimate connection to humanity's long-
term survivability on the planet, this chapter of World 
Resources will be devoted to the earth's systems and 

cles. Each year the chapter will describe one of the 
key biochemical cycles: this year, the ciibon cycle. Each 
chapter will also cover aspects of the emerging under-
standing of the role and composition of the planet's 

phases and the large-scale interactions among them. 

Ocean-atmosphere interactions and the geosphere-

biosphere interactions that occur in their important inter-

face, the soils, are discussed this yer. Further, each chap-

ter will treat developments and issue±s relating to the new 

techniques and technologies that make earth systems 

science possible. This year's chapter explores some of the

capabilities, limitations and present apl)lications of remote 

sensing technologies, and related analytical developments
to needs.

human 

CONDMONS~LA DT E S 

THE CARBON CYCLE 

The amounts of the essential chemical elements in the 
earth-atmosphere system are fixed. They do not change 
over time. However, the distribution of these elements-

tile amounts lodged in the atmosphere, oceans, soils,
biota, etc.-can vary dramatically as can their chemical 
state and hence their availability to living organisms. The 
cycles of these elements, and their characteristic sources 
and sinks, are thus in large part responsible for establish
ing the conditions of life. If the cycles are perturbed, fun
damental planetary characteristics, from the weather to 
the chemical comlosition of sediments, can change. Simi
larly, shifts in concentrations affect living organisms. More 
nitrogen present as ammonia, for example, is good for 
plant growth but is toxic to humans. Thus, understanding
the essential biogeochemical cycles is a prerequisite to 
managing human impacts on the earth's systems in such 
a way as to avoid destructive change or eventually, per
liaps, to improve conditions for plant growth or other 
human needs. 

The carbon cycle is the obvious place to begin. The 
carbon atom is the backbone of biological matter. Atmos
pheric carbon-principally as carbon dioxide, methane, 
and carbon monoxide-accounts for the greenhouse 
effect and thereby the global climate. Solar energy be
comes available for human use as chemical energy 

Table 11.1 Major Carbon Reservoirs 
pretaoranitl') 

Sources: 

Atmosphere Amount Sou 1e 
Mhae
Carbon rnor'o'de 34 

02 
2 
3 

Total Atmosphereb 733 
OceanDisslvod ,no)ianr,: carbon 37,4004 
Dissolved organic carbon 1.000 5 

Par:uat organo carbon 
Total Ocean 

3 
38,400 

6 

T;orretr;i FRota and Soils 

icta• ' .,t! r6 

Sols 
56007 

1,500 
4 
8 

Peat 160 7 
Total Terrestrial 
LOhospnereSediens 

2,280 
56000,000 9. 10 

Rock 9.600,000 9,10 
Total Lithosphere 66,000,000 
NoTes:a1 pela(grarn ' I quadurlion grams (1015 grams)= 

bMM,,1980s
wvork n Atmospheric Cartxrn Doxide-Its SourcesI T J Cone.ay oe! Recent Results trorn the NOAAGMCC CO, Flask Sampling Not-Snks. and Global Transport (Interna. 
Chemi~stry arid G chtl Pollution,,o, Asocaton ofleloofologyl(ariderslegand Alnosphcric Phlsc! Commission on AtrosphencS~lt;zerland 1985) ppf 29 

2 DR B1ake el al Methane Corcenirat ns and Source Strengths inUrban Locations 
Goopt));,cal Roseatch Letters Vol 11 DDo 121, 1214Carbon Cycle ivol Tropospherc3 l 4 k, et P in GL? Cherlstry -A Plan for Acion, T 
tha;oie eI (rNa/onalAcaderny Press Washington DC. 1984)pp 1221214 B Bon. et at, Tihe Giohal B6ogeo)hc5nical Carbon Cycle in Tip Glotkil Caibon Cycle.SCOPEReport No 13 B Boli el/a'. eds (John Wiley and Sons Chchester, United 
K qdorn. 1979) ) 1 56

5 KMklcppr and t Degens Organic Carbon inthe Ocean Naturc and Cycling, ,n TheGobal Cartxn Cycle,. SCOPE Report No 13 B Bin et a. etls (John Wiley and Sons,
Ch,celer Unild K,n lom 1979) pp 293316

6 CG N [eVcooys PrirmaryProducton in /qiat c Envron,,ent;r , Tho Gotal Carton 
C~cle SCOPE Report No 31. B Bohn 0t a, ls do0 Wi, ind Sons Chchester 
Unio. nqdoll 1979) I)i 259292 
C I Alljy, et Il lwrreslinai Primary Producsto ant l'hylorass *i MhoGlobal CarbonCNcDTSCOPE Peort No 13 B Boin t ,V ed,- /Jot/n Wley arid Sons. Chchester,ned Kaigccm 1979), on 1, 9 182 

H W ii Schlossirigr, the Wor/d Carbon Pool ir Sot Organic Matler, r iMe Role of Tertest/ar Vqe/aton r h Global Cartxsn Crcle bfaretRemote Sensngr SCOPERepr t 23 GM Woodaelt ed (John Wil.,, and Sons Chichester. Unted KingdomE198,4pp 111127 
9 S Kernoe, Caribon ,nIt/e Fresh,,alef Cyce in The Global Carton C~cle, SCOPE ReportNo 13 B Bli' oral es (Jot.r. Wey an/d Son; Chichester Un/ed Kingdon 1979), pp

317 3,12
/0 S Kerpe Carbon13.R VI~d/t ,,,(Jsohntie R,x Cicle , Gut,/ Car o/, Kingdonm. 1979). pp 

801 al Wiley The,and Sons, Chichester UnitedClcle. SCOPE Report No 
9n Sr7379 
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Table 11.2 Average Residence Time for a 
Representative Carbon Atom during One Cycle 

rrf'.s.'rce or Se,'eVice,Pfl,R%,T


(years) 

Atmosphere 2.000 
Land Biomass 800 
Soil Humus 3000 
Ocean above Therrnochne 

Inorganic Matter 
Oranvc Matter 
DpOcea

Deeo Ocean830 

3.000 
8,000

83000 

Sedimnts 100,000000 
Source: .,,,,MEl..,0, Cie ,ic...o...l Sr S.,s,.Irhe A l, Per, . 

he 	 vcd:C'eriitry Sele, %w,Vo)9lg 19/i t 17211 

through photosynthesis, by which plants convert atmnos-
pheric carbon dioxide to sugar. Changes in the natural 
carbon cycle are likely to affect every aspect of life on 
the planet. 

Carbon Reservoirs 

The lithosphere-approximately the first 50 miles of the 
earth's crust-contains the vast majority of the earth's 
store of carbon. Most lithospheric carbon is in the form 
of carbonate and noncarbonate sediments, with a smaller 
amount found in sedimentary rock. The ocean is the sec
ond most abundant reservoir for carbon. The atmo-
sphere, biosphere, and soils play a minor role by compar-
ison. (See Table 11.1.) 

Carbon atoms are ina state of continuous motion, flit-
ting back and forth among these reservoirs. The carbon 
atom that we ingest as food we exhale as carbon diox-
ide. During its time in the atmosphere-geosphere- 
biosphere-upper ocean, a representative carbon atom may 
linger awhile as structural material of a tropical tree. It 
will be ingested many times by bacteria. It can move 
from pole to pole, from troposphere to stratosphere and 
from atmosphere to the upper ocean. The deep oceaii is 
more stagnant. Once there, the atom is stranded for 
about 1,000 years until the water returns to the surface. 
Altogether, the atom may wander the face of the fluidearth for as long as 100,000 years before finally escaping 

to sediments at the bottom of the sea. (See Table 11.2.) 
Most of this 100,000 years will be spent in the deep

sea, below the theirmocline. Only 2,000 years will be 
spent in the atmosphere. About 800 years will be spent 
as part of the land biomass, most probably incorporated 
in the wood tissue of trees. The atom will spend an aver-
age of about 3,000 years as a component of humus in 
the soil, 3,000 years as inorganic carbon above the ther-
mocline in the sea, 8,000 years as marine organic car-
bon, and a total of less than 30 years in the ocean's 
thinly populated biospltere±. 

Onlce captured in the deep ocean sediments, the stay is 
much longer, about 100 million years, though still tem-
porary. The sediments are transported on grant plates 
that keep the continents in perpetual motion. Eventually 
the carbon atom will be withdrawn to the lithosphere, 
raised to high temperatures, and ejected explosively in a 
volcano or a hot spring. The cycle then begins anew. It 
is a story that has been repeated at least 20 times over 
the history of the planet. It will continue for as long as 
there is life, and as long as there is energy from the sun 

Global Systems and Cycles 

and the earth's interior to maintain the exquisite state of 
thermodynamic disequilibrium that distinguishes earth 
from its neighbors in space. 

Carbon Fluxes 
llrge a n tsof carbon ire exchanged between tie ter

restrial biota and soils and the atmosphere and between the ocearis an he atmosphere each year. (See Table 
11.3.) It shoulo oe noted that the magnitude of many of
 
these individual annuil fluxes is poorly understood, and
some- such as the contribution from fossil fuel com bus

tion-are changing rapidly.
Tlhe exchange between thre terrestrial biota and soils

The amosph trm ssoiat ith thesioees r 

logical processes of photosynthesis and respiration. Green 
plants annually convert a net total of about 55 petagrams 
(1 petagram equals I quadrillion [1011 grams) of carbon 
from carbon dioxide to organic carbon, which they use 
to sustain themselves. Eventually this organic carbon is 

Table 11.3 Major Carbop Fluxes 
(petag':rrms r(,ertle') 

Amount Source 
At,TIicfier, to Lnrnd 

Atomo';pilr to,green planit,
u l) 55
 

Land to Atrirospi
 
Soi refprlion 	 .55 1 
Fosl fuel cormust or 
(19791982) 	 5.1-5.42
Deforestationnet) 	 0.9-2.5 3 

La:, to Ocean
 
River tra;tsot (norran - 0.7 4
 
River transport (organc) 	 0.5 5 

Atmosphere to Ocean 

Alto ,-rier su;rfac 	 92.5 6to water 

l to Atmospoere 
Sui,,eae water t-oatmosphere 	 90.0 6 

BiDI rnoer ... 	 40 7 

Dettus faflout of srfface
 
water 4 7
 

Circulation Ofsurface water
 
Into deeper water 38 6
 

Circulaton of deep water 
into surface water 40 6 

Ocean to Litfhosphere 
Sedimentation (inorganic) 0.15 4. 8 

Sedimentation (orgaric).	 0.04 4,8 

Nolt: 
a petAgrarn = 1 quAdrlon grans (1015grams)
Sources: 
I 	RH N/hirlakeiarid GE Likens. 'The Biosphere and Man' ciledin Primary Productly of
 
theBiosphre" Ecological Stud,es. H Lrel. ela!.eds Vol 14 (Springer.Verlag. Berlin.
1975) plo 305.328 

2 G Marland and R M Carbon frum Fuels forRoity Doxide Emissions Fossil A Prcxedure
Esm'Onion aJnrdResuls o, 19501982.17e/lu Vol 36B (1984) lp 232 261

3 RA Houghton. etat Net Flu-ofCarbon Dioxide frorn1opcal Forss n 1980"Nature, 
Vol 316 lr9.pP 617620 

Cron i Cycle 

No 13 B Bohn et a, eds (John Wiley and Sons 1979), 


S Kertpe h tiheFresl.;ter in Ttie Glotl Carton Cyi SCOPE Report 
Crichester, Unled Kigdorn, pp317.342 

5 	M Me tnck,Carbon Nitrogen arid Phosphous TrAispor try World Rivers' American 
Jouini otScience Vol 282 (1982).pp 401450 

ofthe Atnosphere in Brogeocherncal Cycles' 
TheRoyal Aleteorolr cal Socety Vol 105 (1979),op 2542 

7 Cl N DeVyla., FrirrmaryProduction in Aquatic Environments" in The Global Carbon Cy1cle 
SCOPE Report No 13B Bohn etal, eds (John Wiley and Sons Chichester. Unted King. 

e 8 Ho. IOn !he fRole 	 Quarterly Journal of 

voian1979). pp 259 292 
8 ; Keinpe Caroon ii LheFret,wAter Cycil in TheGlobal Carbon Ctule. SCOPE Report

No 13.B Bolinet al eds (JohnWill and Sons Chichester. United Kingdom. 1979).pp 
9 317342Kemnpe,'Carbon in WbeRock Cytle7"S 	 in The Global Carbon Cycle. SCOPE Report No 13, 

B Bolin. et al. eds (John Wiley and Sons. Chichester, United Kingdom. 1979). pp 243.378 
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transferred to the soil whore it is broken do win by

microbes and returned 
 to !he at insplhere primarily as 
carbon dioxide. 

Ihe combustion of f)ossil iuels currenthv' reS lt ii a 
transfer of about 5 p(tagrains 4) carhoi each year fom 
the laud to the atnotlOtrt. (See, Figure 11.1.) 

The exchange dfcarbon between the oceans antd the 
atmtosphere inv(olves ab)ut 91 petagranis of carbon aniiii-
ally. The tuagnitude tif this exclhange is controlled 1) tlvthe 
c(ncentratiotns (f carbotn dioxide in the attnospllere and 
dissolved inorganic carb) in the stirace tvaterstheof 
oceans, with the ocean carbon c(iitetratioti coiitroll(d
partly by physitochentical factors and partly by bio4logic'al 
processes. In response to the increasing tonietntratio i (ifcarbon dioxide in the atmosphere, the o ctais are 

accUImUlatii, a stMall additioitill aitotlitt-ilitit 2-5 

petagrat is---of carbon each year. (See tigur, ]1.1.)


The annual exchaniges of carbtin between the 

lithosphere and the other carbon reservoirs are 
small. 
(See lable 11.3 and Figure 11.1.) For example, seditn('ita-
tion acctunts ftr a transter of a))(it (.2 petagratus of 
carbon per year from the 4ttans 1o thit lithoslhere. 

Larbon in the Oceans and Atmosphere 

On time scales tof a few hutndred -,ear, otr longer, the 

abundance of carbon dioxide ((.in the
determined by the dytamics, chelmtistrv, and !iology ftdtermen.~dcbyten cr i p nt io t e 

the oceatn. Mtost ((tea car)o n is presen itt ctttt
1(, relaittively stagnant water at great deplhs. Carbo inoves fromtile surface to the deep as part of the ov,erall circulation 

Figure 11.1 The Global Carbon Cycle 
,> . 

-------- .pH, 

A' :./~ 
'lion 

F, f ,.r.. I , 

Source: 

Wo1,6P.,cvces 1987 

of the ocean and as a component of the organic waste 
formed in the upper layers of the sea. It returns to the 
atmosphere ili associatiom with a slow upwelling motion 
at how latitudes. As surface waters cool and sink at high
latitudes, they draw carbton front the atnosphere in 
roughly etll amiunts. Water sinks to great depths in 
oly a few re giitis of the world's oceans, in the North 
AtIantic, where waters are relatively saline and conse
itently dense enough to sink as they cool, and in the 
regions around Antarica, notably in the Weddell Sea, 
where the formatitn of sea ice cotributes to locally high
concentrations of salinity. In general, carbon enters the 
oteani mainly at high ) lar latitudes and is released at 
low tr)ical latitudes. 

The concetntratin ,f ('), in the earth's atmosphere has 
risen steadily over the past 1() years, from about 280 
parts per million (ppm) in 1850 to almost 350 parts per
million today. The change is due largely to combustion of 
fossil fuel. Since the Industrial Revolution, we have mined 
and consumed almost 150 billion metric tons of organic
carbon as coal, oil, and ,atural gas. In fact, carbon diox
ide is the largest single waste product of modern society.
'I'l average individual oni the planet is responsible for 
the release of almost four metric tons of C()., per year, 
more than that in the developed world. The global emis
siot in 1985 was nearly 5A billion metric tons. 

Aplroxinately half the carbon emitted since Ithe Industrial Revolution persists in the atmosphere today. The bal
ante is piresumed to have made its way into the oceanor to have madeinorortein tte oeanor to have been incorporated in organic matter on land.The most abundant carbon component of the ocean is 

the bicarbonate ion (HCO:). Bicarbonate is in equilibrium 
with carbonate (CO:) and neutral CO, The apportion
ment of inorganic carbon among these three species is 
controlled by pH (the ocean is alkaline, with a pH of
about 8). Addition of CO., to the ocean tends to lower
 

svitching carbon fron CO: to HCO3 and dissolved
 
neutral CO,,. However, there is a limit to this switching, 
fixed by the alkalinity of the ocean. Alkalinity can be 
altered only by addition of salts supplied, for example, by
the dissolution of calcite (CaCO 3) in sediments. The bal
ance among these various processes and equilibria has
 
very important implications for the size of the eventual
 
greenhouse warming caused by the rising concentration
 
of atmospheric CO,. 

The Changing Carbon Cycle 

A continuing rise in atmospheric CO2 seems inevitable.
Current estimates of fossil fuel reserves are about 4 trilmetric tons, and assuming that half of this reserve is 
used up over the next 100 years, the level of CO2 could 
rise above 1,000 parts per million. Supposing, more con
servatively, that annual consumption of fossil fuel will 
double over the next 100 years, CO2 may be expected to grow to about 500 parts per million, approximately twice 
the 1980 level. Such a doubling is expected to raise the 
average global surface temperature beyond that 
experienced in recorded human history. (For a discussion 
of the greenhouse effect, the warming that results from 
rising CO concentrations, see World Resources 1986, pp. 
173-177.) These estimates assume that the ability of the 
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ocean to take up C,), is linited Solelv I)ytile ciicentra- its atmospiheric concentration are important in the global
tion of dissolved C(), at the surface. TIhie sediiiienits are warling trend. Methane inthe atmosphere has more 
taken to be passive. ()in a longer time scale, the release than doubled since the ]6th Century.This unusual 400
of ,:alcite from sedinients wouldi add to the alkalinity oh year record is provided by measurements of air bubbles 
the oceais and the mceanis would he itiio re efficient trapped inglacial ice. Since 1950, for still mysterious rea
sink for C(0,. This state would n it occur, however, for a sons, the rate of increase has risen sharply. The abe-i
thousand years or inore. dance of (I, was about 1.14 parts per million in 1951. It 

Clearance of land for agriculture aind the associated had risen to 1.58 parts per million by 1981, representing
burning of vegetation can also add to the atmosl)heric a mean annual increase of 1.1 percent over tihis ,30-year
concentratiom of ('),. ()ver the past It0) years, this period. Methane is believed to be produced by bacteria 
source appears to he comparable to that froii fossil fuel. inanaerobic environments. Their activity represents part
The weight of thie evidence suggests, however, that the of the global cycle governing decay of organic material. 
(uri'rent Iluet biosplieric contributioi is small, aithough the Natural swamps and rice fields are therefore important

subject is itmatter iif great controversy i'i(Ii).
The argu- environients for methane production. So also are ter
nient is as '(lli oif from
iws. If the magnitude the source mites antinthe intestines of ruminants, such as cattle. A
fossil fuel burning is known and the rate at which C(),is portion of the increase in ClI. can be attributed to 
absorbed bv the (cain can be calculated with iadeluate expalision ill rice cultivation facilitated by the "green 
accuracy, nieasnreinilts of itiliispIicric ('02 should revolution." Some can be charged to the growing popula
reveal the approximate cilitriibuioii front allother tiin of sheep and cattle. [owever, the methane cycle is 
sources. This analysis suggests that the "missing" siource not Vet well enough understood to assign causes with
 
is siiall, certainlv less thii 25 perent of the contribution any degree of co nfidence. Measurements of the isotopic

fror fossil fuel. iidied, SoHIe sientisi thiat composition of methane in the atmosphere, combined
ts htlieve we 

may need to identify ;n additional carbon sink rather with isotopic measurements of the gas produced in
 
than a source. specific ervirornients, could provide major clues. Rapid
 

It is difficult torecocile this view that tile current net progress is expected. It is especially important to define
 
biosplheric contribution is small with the evidence for tile Magnitude of the source due 
 to burning vegetation in 
ral)id and growing rate.s of ideforestation intie tropics (5). the tropics and to investigate tie role of biological

Production i f C)., fror freshly cleared areas iray le off- activity inseasonally flooded areas of the Arctic tundra.
 
set inpart by enthanced uptake inother regions, particu-
 Carbon monoxide is produced by combustion. The 
larly those that have been abandoned recently by shifting abundance of CO iii thle northern hemisphere is approxi
cultivators. In addition, a significant fraction of carbti in nimately twice that in the southern hemisphere. The con
areas cleared by the slash-and-burn tecliniluc may be ceitratior is currently increasing at about 2 pcrcent per
converted to charcoal rather than to i7(._. Tlhc dileiinia year. Carbon monoxide, which has a lifetime in the 
attests to the extent of our ignorance. here is an urgent atmosphere of only about one month, is removed mainly
need for data to define the current sto(k of carbon in by reaction with the hydroxyl radical (OH), which in turn 
najor ecosystems, not only in plants but also ini soils (t;). is formed in the atmosphere by photochemical processes

There is a similarly great need for accurate records of involving ozone and water. Reaction with carbon monox
change over time and for studies to define the effects of ide and a similar reaction with methane are the domi
documented disturbances oin specific ecosystems. nant paths for OH removal (7). This leads to an interest-

Further investigation is also needed on the effects of inil dilemma. An increase in the release of carbon 
changing climate. There is increasing evidence that the monoxide, a dangerous pollutant, will depress the coir
average temperature of the earth is rising. What are the centration of OH, choking back the potential of the 
consequences for the capacity of ecosystems to acquire atmosphere to oxidize other substances. As a result,
and retain carbon? Rates of bacterially mediated decom- gases that would normally be removed by OH are more 
position may accelerate. In this case, the carbon stock of persistent. The result is an increase in carbon monoxide 
soils could decline. On the other hand, plant growth greater than would be expected simply from an enhance
could accelerate, aided by enhanced temperature and ment of the source. Other gases, notably methane, are 
moisture and by the fertilization effect of a higher level affected similarly. Perhaps as much as half the observed 
of CO_. Boundaries of major ecosystems could shift. Even increase inmethane can be attributed to depression of 
a small change in the distribution of ecosystems could OH. 
have a significant impact on CO,. There is a range of 
possible feedbacks, both positive and negative. We can 
only guess at the magnitude and signs of the resulting Interactions with Other Cycles
effects on carbon and, hence, on the basic conditions for None of the biogeochemical cycles functions apart fromlife. N n ft eb o e c e i a yl sf nto sa atfothe others, and this point is especially true of the carbon 
Methane and Carbon Monoxide cycle. The importance of the carbon-nitrogen balance in 

regulating nitrogen release from decomposing crop
The steadily rising atmospheric concentrations of meth- residues, for example, has been recognized for more than 
ane (CH,,) and carbon monoxide (CO) provide further evi- 50 years (8). The ratios of carbon, nitrogen, and phospho
dence of the changing carbon cycle. rus required by marine phytoplanton interact with the 

Methane is a potent greenhouse gas, so that changes in sulfur aid oxygen cycles to regulate the primary produc
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tivity of the ocean(s Itt). Dozens of similar examples
could be cited, 

But no t only is tile carlbonl cyle being altered hy
hum an activities, sot are tile other cycles, further coin -
plicating delineation of their interactions. tor example,
biological nitrogen fixation w oncens the only significant
pathway for transferring tie biologically tinavailable forri 
of atio spheric nitrogen (N,), which constitutes in)re than
99 percent of the nitrogen in the atmosphere, to I)ii logi-
cal ly available hrnis. Irid ustril .itntgei ixaon, throtug h 
the production 0f nitro gen fertilizer, nov.' equals at))ut
half the nitrogen fixed through t)iotgi(al Irocesses (11).
Th,. extra source cotntI be as large as 111) nillionmetic 
tons per year. If this nitrogen were empltyed to stin late 
new growth of plants, tile associated sirk ftor car)on
could le significant. f allthie extra nitrogn we-re ttuid 
up intrtes, whose carbon-nitrogen ratio cttld be ais large 
as 100:1, the additional carbon sink--l billio mietric 
tons per year-could be comparal)le to the source from
fossil fuel burning. Plants with less stature, and corre-
spondingly htwer -equireoents for carboni, could co lsille 
as much as I bilron metric toils of carbo per year. It is 
therefore highly impotrtant to diSc)over tIe Ulltimate dis-
posal ttf anthrrtpogenically fixed nitrogen. Studies of
ecosysterlis il tihe industrialized nations where anttropt-

genic nitrogen is relatively abundait ierit special atterl-

tion. 'lb date, the' ecosysteis have received little 

emphasis in attempts tt balace the b(lget tof either car-
bon or nitrogen. 

OCEAN-ATMOSPHERE INTERACTION 

It is useful at times to take a somewhat distant view of

the earth and describe it in the Way one would describe 

another planet. From this point of view, the surface of 

the earth is dominated by the existence tof two fluid 

envelopes: a gaseous one, the atmosphere, that covers 

the entire earth and a liquid one, the ocean, lying below 

the atmosphere and covering nearly three quarters of the 

surface. From this distant viewpoint, the oceans are a 

striking anomaly: none of the other planets has oceans 

(or large reserves of liquid water in any form) (12). 


Fundamental Characteristics of Oceans and 

the Atmosphere 


A most important characteristic of the atmosphere is its 
transparency. A large fraction--about half-of the ircom-
ing radiation from the sun passes through the atmosphere
and reaches the earth's surface, most of which is ocean. 

All the heat received by the earth from the sun must
agai be radto ate e. oxve er,awa spaagain be radiated away tir at os-Cto space. However, the atmos-wa 
phere is not transparent to the infrared radiation 

produced by the earth. (The relative transparency to
i rcuiationincoming radiation and relative opacity to outgoing radia-
tion create the natural greenhouse effect without which
the planet would be icebound.) Heat must somehow 

work its way up through the atmosphere to higher levels
 
before it is effectively radiated into space. The atmos
phere therefore receives heat at a comparatively high
temperature and pressure at the surface and releases it at 

a comparatively low temperature and pressure 
at altitude. 

Receiving heat at a high temperature and pressure and 
releasing it at a low temperature and pressure are charac
teristic of a huat engine-which the atmosphere indeed 
is. The motions produced by this engine are the great
atmospIheric circulations and their fluctuations that deter-
Muine weather -:id climate. 

Weather and climate would both exist inthe absence 
of the oceanH tHowever, the ocean dramatically modifies 
the situation. The most important way it does so is 
through evaporation at the ocean surface. When water
 
evaporates, it absorbs the latent heat of vaporization

(about one megajoule, or one third of a kilowatt hour
 
per kilogram). This heat is released again when the
 
vapOr cold enses into chtids. The clouds may evaporate 
arn(I
recondense several tin ies, hut eventually they precipi
tate. When they do, the water returns to the surface and 
the heat remains aloft. This evaporation-precipitation 
process thus transl)orts heat both vertically and
 
geographically
 

The se,:ond central characteristic of the ocean is its
 
ability to store heat. The top three meters of the ocean

have as much theie-,al capacity (i.e., can store as much
 
heat energy) as the entire atmos)here (1i).
Thus the 
ocean is able to absorb and to give tip great quantities oflieat with little change in tetmperature. This capability has 
dramatic effects upon climate. For example, in areas 
where the air is dry, the day-night temperature difference 
can be 40. Over the ocean, the difference is generally
only a few degrees or less at the surface (14). At middle 
latitudes in midcontinent, the temperature difference
between the summer maximum and winter minimum 
cati reach 800. Over the ocean, the spread rarely exceeds .] ))o


The third important characteristic of the ocean is its
 
ability to transport heat. The best-known and one of the
 
most important examples is the North Atlantic circula
tion. Water heated by the sut in the tropical and sub
tropical Atlantic is transported northward in the Gulf
 
Stream and then distributed over the entire North Atlan
tic, some proportion spreading as far north as the Nor
wegian Sea. The return-flowing water, much of it at great

depths, is much colder. The resulting heat transfer, quan
titatively about one petawatt (I quadrillion watts), is a sig
nificant fraction of the north-south heat transfer effected 
by the atmosphere itself (15).The prevailing westerly 
winds at the latitude of the North Atlantic transport thi; 
heat across all of Europe, producing a significantlywarmer climate there than would be anticipated from itslatitude. 

The reverse phenomenon can be seen off the coast of 
The reveo ohecan e csee e s
n o 
alifornia. In!this region, the ocean circulatio n|movesmsr ce atr wyfom he osli .It s 

warm surface water away from the coastline. It is 
replaced by much cooler water brought by subsurface cirfrom higher latitudes. Thus, in this region, boththe water and the adjacent land are much cooler than 

night be expected considering the latitude. 

Ocean-Atmosphere Coupling
Although the ocean strongly influences the atmosphere, it 
is the atmosphere that largely drives ocean movements. 

168 



Global Systems and Cycles
 

The ocean is also a heat engine, but a relatively ineffi- FOCUS ON: THE ROLE OF TROPICAL OCEANS 
cient one; the temperature range over which it works is 
much smaller than that of the atmosphere. 'he deel cir- Despite the absence of a detailed understanding of ocean 
ctrlati(m oft he ocea, tehow aIboIt 10(0 neters, is largely circulation, it is clear that tropical oceans are central to 
caused by heating and co ling and by changes in salinity tirct argtion,isclear that tro are central atlet intea acoceans 

produce(] by evaIra iion aad Iprecipi tat ion. Ie
However, thle l ,ate. simplest terms, tropical oceans represent the 

more vigorous surface motions, which are responsible for
 
nMuch of the heat transport, are wind driven. input portion of the atmospheric heat engine.
 

The way in which the ocean responds to surface wind Some reasons for the importance of trol)ical oceans
 
is greatly comiplicated by the fact that the earth is I relate to the basic physical l)ropert.es of water. The rela
rtotating spierical body.Although the details are beynid tion between temperature and the vapor pressure of
tile scope is strongly atswater nonlinear. Vapor pressure increasch '),
te sop thtis discussiwha ismstill irl tose factor of approximately two for every 10' rise in tempernoite is that thle ( 'ean -at iiisplhere syvstetni is closely con

pled. The (list ri)ut i( i of sea surface tem!perature has ature. Althoigh the evap)ration rate also depends oi
 
important effec o activity in the atmosphe, aid wind wind sl)eed and tile humidity of the overlying air, the
 
dri vii i doininaiit fatir iii setting )iceanii currnits, most important factor is tile vapor pressure of the water.
 
which in ,in ctcriniiie the distribution of sea surface l'hus the rate of evaporation is highly dependent on
ehiper tu. IdearllyI thissyst riutiw nle descritcd temperattre, aind, except at quite low temperatures, thestiied tu gh a Ci )le de,nI oce in-at isphere iajority of tie heat transfer from the ocean to tiletdav that regaiiis a long-ternI scientific goal. atniosplhere occurs through evaporation. The fact that this\tmspliericvt iatliiiS ar nowsinteficweldescri transfer increases rapidly with temperature, Flus the factAtmspheric Intions 
 re nowaquite well descriat that nearlyial ed half the world's oceans ar- in ti'!tropics,alvanctx ntuinerical modlels. Weather forecasts inall 
 underscores the importance of tropical oceans in the supleveloiped comintries art, geinerated by such raiilels that )ly of bith loisture ancd energy to tile atinosphere.
 
are niow capabl e of ire id ichiig to)iX'S Cliimnate v itc'i- Although the iiiflu ence of t ie tropical oceans can be
 
si d rabk accriicy. 'Ilo sa ii is notitriuie oifoccaii traced throughout tihe global atmosphere, the most
 
models. Motions correspondingthle at iiospt herethe large-scaleimniortancclone-subtropicalpratifulcsaeintoia n utoiaanuticyctlone systemOs iii are alIsi iii 
a ntile en iithe almsphle ar lso ipean t regions. Because these regions contain most of the earth'sinlthe ocai, but the phiysical scale of these oceanic population, changes in the ocean-atmosphere regime in 
motions is only a few percent of that of the correspond- the tropi(i are.as have correspondingly large impacts on 
ing atmospheric imotioins. Thus a full-scale oceanigraphic human affairs Such well-known phenomena as El Nin~o, 

mcdel comparable to an atmospheric modl must have variations in the timing and strength of the South Asian 
nmuch finer resolutiio. Such models canlbe cniceived, monsoons, and the rainfall regimes in Brazil, the Sahel,
but running them is beyond the capability of even the and eastern tropical and subtropical Africa are examples
most powerful of modern computers. Indeed, it will be that have come to world attention in recent years.
iear the end of this century before coToLters can han- The importance of these phenomena is such that a 

de the demands of ocean inideling. large international ten-year experiment, the study of the 
Coupled analysis of the two systems is further coimpli- interannual variation of the Tropical Ocean and the 

cated by the fact that they operate on different time Global Atmosphere, has been inaugurated by the Joint 
scales. Atmospheric fluctuations are typically on the Scientific Committee for the World Climate Research Pro
order of a few days, which is much too fast a time scale cie Ccm i fort othe CCCO, and a iteresea andarogra ri, variety of intergovernmentalto Ibe followed by the ocean. O)ceanic fluctuations gener- no. governmental bodies (18). To date, the tropical Pacific 
ally take pilace Over several months (16), has received the most study and may be the most impor-

Although the basic physics of icean movements are 
believed to be reasonably well understood, the lack of tanaea isell 
data severely limits the possibilities of refining this phenomena involved. 
general understanding. A major international experiment, Ocean Circulation in the Tropical Pacific 
the World Ocean Circulation Experiment (WOCE), is 
being planned under the auspices of the international In global atmospheric circulation, winds typically blow 
Committee on Climatic Change and the Ocean (CCCO). from the east in tropical regions and from the west at 
WOCE is expected to become operational in the 1990s, midlatitudes. This behavior is the rule over the Pacific 
when special satellites required for its success will be in Ocean. Because of the earth's rotation and other factors,
orbit. WOCE goals include determining the three- the response of the ocean to wind forcing is extremely 
dimensional oceanic circulation, the oceanic fluxes of complex, and wind in a particular direction does not 
heat and freshwater, and the exchanges of heat and necessarily drive the underlying water in the same direc
water between the ocean and the atmosphere as well as tion. However, in this case, an easterly wind does gener
delineating the annual cycle and long-term variability of ate a westward flow of surface water. Warm water,
these patterns (17). In the meantime, understanding the heated by the tropical sun, therefore tends to pile up 
oceans remains more conceptual than detailed, and the against the archipelago that marks the western borders of 
capability to predict is extremely limited, the Pacific. (See Figure 11.2A.) 

http:l)ropert.es
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Figure 11.2 Sea Surface Tenperatures in tile Pacific During a Normal Year (1984) and an El Nino 
Event (1983) 
Figure 11.2A Normal Distributioni of Sea Surface lenmperatur, January 20, 1984 

Notes: 
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Figure 11.26 Distril)ution of Sea Surface Temperatures during the El Nifio Event of 1982-83, January 20, 1983 
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But the situation is much more complex. The first 
effect of a wind stress is the movement of surface water 
to the right of the wind in the no rthern hernispthere and 
to the left of the wind in the southern hemisphere. Thus 
an easterly wind along the tropics tends to cause water 
to move away from the equator in both hemispheres. In 
addition, complex ocean dynamics create a strong sub-
surface current of cool water flowing eastward along the 
equator. The combination of these two pihenon'ena 
usually causes tie equatorial surface water to be 
al)reciably cooler than that lying adjacent to the north i 
and south. (See Figure I1.2A.) 

Nornially, the surface laver of warii water in this )art 
of the world c; quite thin, :nd, as it is blov, ,, iiuClI 
cooler water rel)laces it front below. This tipwelliig 

plie!onieliin has imlortant bi(ollgical cinsetuences. 
lypically, the surface vaters of the ocean art, depleted in 
nutrient s because the nutrients are incorporated into the 
tissues of microscopic plants growing near the surface. 
'i he plants are grazed by small animals that are in turn 
eate i by larger ani mals all tie way ip the food chain. 
Fecal matter excreted by these aninals and the tieaten 
remnn ts of their bodies fiall thIrough tie water cilu1 nn. 
This matter is decoll)sed by bacteria as it settles, and 
tl,- nutrients are returned to tie water, but at greater 
d1)epths, beyond the reach of sunlight and so incapable oif 
sustainilig plant life. Thus, in upwelling areas, nutrient-rich 
water is brought into tile eupllotic zone, where there is 
sufficient light for plant growth. Vivrous growth takes 
place, nourishing the entire food chain. The richest fish-
eries in the world are found in these regions. In the trop-
ical Pacific, wind tends to drive surface water away from 
the coast, creating the upwelling regions conveniently 
near the shore. 

The Southern Oscillation and El Nio 

The atmosphere, which is largely responsible for the dis-
tribution of sea surface temperature, also responds to it. 
Where surface water is warm, moist warm air rises to 
levels where condensation and clouds occur and l)recipi-
tation is frequent. Where it is relatively cool, compared 
with surrounding regions, air sinks, clouds evaporate, and 
precipitation is rare. Thus western equatorial South 
America, where the water is relatively much cooler, is so 
dry as to be effectively a desert, and islands near the 
edluator in the central and eastern Pacific ieceive little 
rainfall. On the other hand, islands of tie western Pacific, 
the Malaysian peninsula, northern Australia, and tropical 
islands not near the equator receive plentiful rainfall. 

Every few years a climatological event dramatically 
changes this situation. The event is best documented oi 
the coasts of equatorial South America and the adjacent 
waters. Its most usual occurrence is toward the end of 
the calendar year, and the local Spanish-speaking popula-
tion named it "El Niibo' the child, referring to Christmas. 
The expression has been universally adopted. During the 
El Niibo event, the surface water off the coasts of tropical 
South America becomes much warmer than usual. There 
is substantial rainfall. Nutrient-rich water no longer rises 
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into the euphotic zone, and there is a great reduction in 
phytoplankton growth. The result is a sharp reduction of 
fish i)Oulat ,ons in the area, with serious consequences to 
those whose lives delend oiin these fish-hoth fishernien 
and miarine birds. 

Until fairly recently. Hl Nino was considered a local 
plhenonenon. However, research in the past decade re
vealed that it is a local manifestation of an oceanwide, 
perhaps worldwide, phenomnon. 

It is now understood that the phenomenon begins with 
a relaxation of the wind stress that ornmally drives warm 
water toward the west. Thc deep poIol of warm vater in 
the western Pacific floods back. ()ice more tile influence 
of the earth's rotation is dominant. Instead (it spreading 
over the whole ocean, the water moves eastward in an 
e(luatorially trapped wave. After several montihs, this 
wave reaches the coast of South America, where it is in 
part reflected a iid in part transmitted north and South 
along the coast. 

Details of the wind and vave action are scant and frag
ineited. The (ocean is vast and oceanogralhic research 
vessels few-and not many of them are stationed in the 
Pacific Thus the World Meteoirological ()rganization 
arranged for regular coiiimercial ships to obtain data oin 
sea surface teliiperature and winds. ''hese ship observa
lions have beei importantly auglented by careful instal
latioii andI use of tide gauges on tropical islands in tile 
Pacific. 

From these scanty observations was constructed a the
ory for the developlment of El Niibo that seemed to fit 
the data ccaicerning El Nii-os occurring before 1980. 
According to this theory, the "preparation" for an El Nio 
is a period of anomalously strong east winds over the 
tropical Pacific. The resulting strong westward wind stress 
leads to an increased piling up of the warm surface 
water in the western Pacific. This warn water is substan
tially lighter than the cooler deep water. It floats higher, 
and the resulting higher sea level can be detected on 
tide gauges. When the winds return to normal, the warm 
water pool also has to return to normal and, in doing so, 
sheds a wave that surges eastward across the Pacific. 

On the basis of this theory, it was confidently )redicted 
in 1982 that no El Niiib would occur that year. There 
had been no anomalous winds and no anomalous buildup 
of warm water in the western Pacific. Ironically, these 
predictions corresponded with the largest recorded El 
Nihib and a series of events that have been referred to as 
the clinatic disturbance of the century. 

The basic phenomenon was the same as described in 
the theory. The difference was that instead of anomalously 
strong easterly winds followed by a return to normal, a 
rather ordinary situation was followed by a period of 
much reduced westward driving of the water. 

The eastward surge of warm water exceeded anything 
previously recorded. (See Figure 11.213.) Ibrrential rains 
occurred in normally arid areas as far apart as California 
and Ecuador. On the other side of the Pacific, great forest 
fires raged in parts of New Guinea normally drenched 
with rain. Australia, South Africa, India, and Indonesia all 
suffered serious droughts. On tropical islands famous for 

171 



___________________ 

Globae S m dCycles&well <pte 

Figure 11-.3Sea Surface Temperatureai"d Fishy 

T () 
1etri 

4 	 . 

4] 

., 

oyor 
Catch "ter 

(10000 Metric Tons) 

180 
140 -~ 

.100 . Sardine 

20~ 

25- Jakgna 

10
0.5- Mackerat 


0~ 

J'iJ A S 0 ND J F M A M J J A S ON D 
1982, 1983 

Source: H-ISantander et al. Impact ofthe 1982-83 ElNno on threPeiagc Resources ON I 
Peru: Tropical Oceanrtlmosphere Neslelter, No 28 (Nmvmber' 1984),pip,9-10 

the nesting sites 'of multitudes of sea 'birds, bird popula-
virtually wiped7JckMacerlombecause of lack oftions uwere 

foo in the nutrient-poor water and partly because the 
nesting sites, parent birds, alnd fledglings were soakedo71un
withrain.Thou hno reliable stuadyoh d an hs 
been done, hundreds of: millions of people are known to 
have been severely affected, and estim~ates" of the costs'. 
run around $10 billiong. '. 

' OcJun surface tenmperatures shifted, bringing extreme 
biologic-changes intheir wvake.'Figure 11.3 shows the 
surface 'temperature 'anomnal'y (tli departure from the' 
usual .average) measured ~off the coast of-Peru, b'eginning' 

.,. with theobnset 6VE1 Ni~ro in'thireonnthfalf 
1982. Thi large:warm 'j t hea fClofneisreoui 
by severe'declines in man pis 1catches ccimg11.3).anie 

.. Most, severely. dam~aged, wda 1 the, anichoy (20). The 
decihe-w'_ asorefected-iii' steep drop in muarine pri-' 

shoriin Figure c s 
culated 	 i'i~cl'--teamotunt 'of 	cirbon' fixied,at ia Paiiin,, ehcoata andequaori dfic egion' dIin th-El 
Ni2 Usinglfood, chaini theciry'to convertprimnary-~~iio(21.
prodtivityj~ h~ o', 	 "..tb 

pro 	 ete s~,.calculated a.rn lNvmbroreial 1983 fish' rducitioni~deficit of 94 mic.. 
ton;'~is~~,(2)~B3'coths Fss exeed 'ti tta ~W 'rl 

'iei 

tosomars~,.22. y tislo's'eced 'thi oa wrd~Ai~'athif ' 98 	 ;23~Although;the' actualI'Ioss was,', , , 
~ than~ this~f igurethe~ calculationssu.K 

in global terms 	(24)~. 7 ' 

I *" . .. ' 

, t 

0. nhd 	 the warmer 

Onh~t~ 	 ai)speciesI welladapted&totritemperatures, hat:in compfo h'thatitionfood tppearance of predators; 

floirshe&1The.Prva shatthep
~o~ENino:was seven to eight timesilager-than"

in 1982, the scallop iharvest leapt!from an annual average 
'of to0 st526",etc' tons to an estimated:18,000-20,000 

At thc';same time, anomalous weather occurred widely.
K ~th~roughout the world. It is still not known W!h etherA thee 

~other weather anomalies were caused by the redistribii-'htionof ocean waterassociated with the 1982-8El Niiowere part of the large-scale atmosph ic ano ' al that 
m y a 

was responsible for ] io.Certainly th'vdelc s'
 
that the whole atmosphere moved'more strongly than

usual toward the east (that':is, increased westerly winds 
and 'decreased easterly~winds) ,around the end of Decem

of 'the length of day, which was longer than had been

recorded since accurate measurements 'commenced
 

fewyears earlier (27).'
 

Figure 11.4 Effect of the 1982-83 El Niio on
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Summary 

The atmosphere a;in( oceans aire globally connectedI, and 
one of tile difficult problelms associated with understan(-
ing climatic fluctuations is separating cause from effect ill 
their interactions. 

Predicting climatic filuctulationS wvould provide sUStal-
tial advantages to popnlations afflicted by such variations 
and to agencies attempting to alleviate these afflictions. 
Substantial progress hia: Ieen made in understanding the 
ways in which the ocean responds to changes in atnios-
pheric driving-and to tile ways in which tile atmosphere 
responds to changes in sea surface te peratutire distribu-
tion. However, the ability to piedict is frustrated by a 
present inability to forecast the behavior of the itiros-
phere with any reasonab success imolre than alpro xi-
mately a week in advance. Thus the future driving (if the 
ocean by tile atlosphere remains hidden. 

These l)roblems are being attacked within tile World 
Climate Research Program and, in particular, within the 
Tropical Ocean and Global Atmosphere Study. tI vever, 
at tile present time even th. extent to which it wvill be 
theoretically possible to make iv dictio s relMainls 1in-
clear. It may well be some decades before tile prt(lictions 
reach a useful level of reliability 

-

GEOSPHERE-BIOSPHERE INTERACTIONS: 
THE CASE OF SOILS 

The world's soils-the foundation for plant and, coise-
quently, animal life on land-are at tile interface of the 
geosphere and tile biosphere. In the lower horizons of 
the soil, minerals in the geologic substrate weather, deter-
mining tile chemical clnposition of the soil. On the soil 
surface, dead organic matter from tile overlying vegeta-
tion decomposes and forms the iniic material so essen-
tial for many soil processes. 

The significance of the soils in the biosphere i widely 
unappreciated. In fact, the below-ground biomass (if plant 
roots, animals, and microorganisms is at least 11 percent 
-and perhaps as muchias 50 percent-of the estimated 
above-ground bioniass (28). 

Soil Functions 

Several soil functions are necessary for maintaining plant 
life. First. soils retain water so that it is available to plants 
between precipitation events. Without this water-holding 
capacity, not only would plant growth generally be 
impossible, but rapid runoff would cause flooding of 
streams and rivers, altering the ways people use the 
biosphere for agriculture and other purposes. Soils also 
provide the physical substrate to wllich plant roots attach. 
Perhaps soils' most important roles lie in their ability to 
store plant nutrients and provide a habitat for microor-
ganisms that convert nutrients to forms usable by plants. 
It bears repeating that without the world's oil resources, 
neither plant life nor animal life, which depends on 
plants for food, wauld be possible. 

Soils and their microbial communities play a significant 
role in the biogeochemical cycling of many elements 
required for plant growth. A major portion of the annual 
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flux of global nitrogen occurs either within the soil or 
hetween vegetation aiitl the soil. Nitrogin fixation, one of 

tie most imlportait processes taking place in soils, occurs 
when microrga iiims mineralize tile biologically unavail
able form of nitrogen, N,-which accounts for more than 
99 perceIt of the nitrogen in the atm splhere-and con
vt'rt it to in iilorga iic form that cain be taken ip by 
plants. 

Hluman illt(rventions in the natural nitrogen cycle are 
sutbstantial, many oif theni affecting Soil hunction. For ex
aliple, industrial prdtCtiolI of nitrogen fertilizer is no)w 
about half as large as the total amount of nitrogen fixed 
tiolo gicAly. Ili the other directi(o, combustion of fossil 
fuels and biniass prou(lces a large net flux of nitrogen 
into tile atnospihere, soilie of which returns to tile 
iolshere and soils through lCid d(eposition. High inputs 

of nitroien frm a(id deposition on forests may be 
responsible for some of the forest decline seen in indus
trialized areas of the world (29). (See liormd Resources 
P6,6;. Chapter 12, "Multiple Pollutants and Forest 
I)ecliie') leavy use of fertilizers also pollutes tile rivers 
and lakes that drain agricultural areas. Using microorgan
isins or genetically eigineered ploants to fix nitrogen 
could reduce dependence (i chemical fertilizers, a situa
tion that would also reduce these and other disruptions 
(f tihe 'i'lural cycle :io).The iIophlupcce ipe,is but equally important.

Th lposphorus Cycle is sil 
Because phosphorus is fairly abundant in insoluble forms,it is frequently the limiting nutrient for plant growth. 

Phosphorus must le liberated through weathering of apa
tite and other mineral complexes in the soil. However, 
soluble phosphorus is quickly immobilized by iron, by 
aluminum, and siietimes by calcium in the soil. Thus its 
overall availability for plant growth depends on soil type 
p:1). 

Soil processes are also essential to tile global carbon 
cycle, providing the basis for food and fiber production 
and organic waste through mineralization. Tile activity of 
small anilnals in aerating the soil and the mineralization 
of dead oiganic matter by soil microorganisms are vital 
links in the decomposition processes of the cycle (32). 

Soil Characteristics 
The availability of plant nutrients in the soil, the amount 
of organic matter, overall soil depth, the depths of soil 
layers, and other soil characteristics vary, depending on 
the interplay of the major soil-forming factors: climate, 
parent material, biota, slope, and amount of time for soil 
development. Maps of the world's soils are at such a 
coarse scale that much local and even regional detail is 
not included. The maps are generally based on prevailing 
environmental conditions, so that they strongly reflect 
vegetation and climate patterns. The maps thus illustrate 
probable rather than actual soil types. The most authori
tative map of the world's soils is the United Nations Food 
and Agriculture Organization/United Nations Educational, 
Scientific and Cultural Organization World Soils Map, 
which has a scale of 1:5 million (33). 

The interaction of the various soil-forming factors i. evi
dent in the characteristic scls of different parts of tle 
earth. For example, in tropical regions the warner tem
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peratures increase the effectiveness of weathering ten 
tines that in the arctic regions and three times that in 
the temperate region:. (:1). Thus tropical soils are charac-
terized by extensive weathering, and they can he lavered 
as deep as 3(1 meters. Because of rapid decomposition of 
dead organic matter iii warm climates, nutrients are 
generally stored in t:. !i!,-,:;s above ground rathe, 'hal 
in the soil humus, as is chaiacteristic of temperate soils. 
In the humid tropics, intensive weathering and leaching 
deplete the reserves of weatiierable minerals and conse-
quently lead to the formation of soils with low fertility 
and little agricultural value. 

Soil Degradation 

Human activities affect the world's soil resources and 
their long term capacity to suf ,ort the biosphere. Soil 
degradation, a general term reierring to partial or total 
loss of the l)roductive capacity of the soil, can be caused 
by water and wind erosion, salinization, wate-logging, 
desertification, soil pollution, conversion to urban lanci 
use, and other processes. L ' -lites of the rate of soil 
depletion, degradation, and tllos~ruction range from 5 nail-
lion to 15 million hectares per year (35)(: 6). 

Saline soils occur naturally in arid climates as moisture 
evaporates and the salts in solution are deposited on the 
surface. However, irrigation F'stems with inadequate 
drainage have caused salinization to a much greater 
extent than under natural conditions. Decline in produc-
tivity of agricultural land, 1--1.5 million hectares per year, 
is attributable to salinization in such diverse areas as the 
Indian subcontinent, the plains oi China, the central val-
ley of Calitornia, and the Middle East (37). Four million 
hectares of irrigated land in the United States (:8), almost 
2 million hectares in Australia, and more than 1 million 
hectares in Canada (9) are affected. Reclaiming salinized 
soils is extremely costly 

Soil erosion too is a natural process that human activi-
ties have accelerated. Recent research using the radioac-
tive trace element Beryllium-10 measures the balance 
between the amount of the tracer carried by a river and 
the calculated amount deposited each year in rainfall. In 
the rivers studied, the output in the river sediment 
exceedeC the rainfall input by factors ranging as high as 
14 for China'S Huanghe (Yellow River) and 24 for India's 
Narbara River, suggesting strongly that in large areas of 
the world, soils are being eroded far more rapidly than 
they are being formed (4,0). Moreover, the high erosion 
areas are often those with high population density, least 
able to afford the loss. Overall, erosion is believed to be 
responsible for approximately 30 percent of the loss of 
arable land caused by soil degradation (4i1). However, ero-
sion rates are extrem( y variable and are dependent on 
local conditions, so that national or even regional esti-
mates are drt!icult to calculate and are generally 

unreliable. 


Major factors controlling soil erosion are vegetative 
cover, slope, and rainfall intensity How much soil erosion 
can occur without decreasing soil production capacity is 
known as soil loss tolerance, basically, the rate of soil for-

mation. (See Chapter 4,"Food and Agriculture:' Increas
ing Production and its Environmental Costs: The United 
States and the European Community.) ']'his rate is esti
mated at 0.5-2.0 metric tons per hectare per year, but it 
also varies in ways that have n, been quantified under 
different climatic regimes and soil conditions. T'he most 
severe erosion occurs in mountainous areas where steep 
slopes are cleared for logging, agriculture, grazing, and 
other purposes, as in thb,freqiently ci'ed case of Nepal. 
Explriments have been carried out to quantify the effects 
of varying these factors on local rates of erosion. (See 
World Resources 19S6, pp. 52-55, for a description of 
some experiments and for further discussion of soil ere
sion.)
 

Natural deserts caused by climatic and geologic condi
tions cover approximately ,18 million square kilom'ters, 
or :37 percent, of the earth's land sudace. Stresses such as 
intensive agriculture and overgrazing in arid and semiarid 
regions with naturally extreme fluctuations in climate 
lhve caused desertification of an additional 9 million 
square kilometers (12). This process, which does not 
always result in the appearance of actual deserts, always 
leads to a decline in soil productivity and in the ability 
of the land to support plant and animal populations. (See 
Chapter 5, "Forests and Rangelands:' Desertification.) 

Soil pollution is a type of soil degradation that is only
 
recently recognized for its serious consequences. Toxic
 
and other hazardous substances released by mining and
 
industrial activities and the application of pesticides
 
directly affects human health by their contamination of
 
soil and of the food products grown in the soil. Chemi
cals leached from the soil into groundwater contaminate
 
wells used for drinking water and irrigation. Thousands
 
of sites where the soil is contaminated have been identi
fied in the United States, Japan, and some European
 
countries. The extent of the problem is riot fully known,
 
but the potential is great. 

The most extreme mode of soil degradation is conver
sion of land from its natural state or from agricultural 
production to use for settlements and other purposes 
such as mining and hydropower development. The world
wide significance of this problem is debatable, but rapid
urban growth on fertile agricultural land can be conse
quential locally or regionally. From 1970 to 1980, 
between I and 3 percent of agricultural land in Organisa
tion for Economic Co-operation and Development coun
tries was converted to urban use-2.8 percent in the 
United States, 1 percent in France, 2.5 percent in Italy, 
and 1.2 percent in the United Kingdom (43). 

Soil degradation occurs slowly and quietly, and it is dif
ficult to monitor, so the hazard easily escapes the atten
tion of policymakers. Because many aspects of soil degra
dation and its effects are not fully understood, precise 
predictions of losses in agricultural production are difficult 
to make. That the consequences can be catastrophic for 
human populations, however, cannot be denied. Investiga
tions and global monitoring of soil cover, soil type, and 
soil moisture and studies of the geochemistry of various 
ecosystems are therefore all high priorities for research in 
the coming decades (4,t). 
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NEW TOOLS 
Advances inintechnology have just recently made global 

science possible. Satellite-based remote sensing, paired 
with digitized geographical information systems and 
global-scale con puter models, are giving scientists the means to gather global information, store and hantie it, 

and use it to simulate and predict the workings of global 
systems and cycles. 

Although ground- and sea-based measurements and 
sensors .iounted on aircraft and balloons remain essen-
tial, the deployment of remote sensois on satellites has 
made synoptic worldwide data collection possible for the 
first time. Satellite-mounted sensors ensure compatibility 
of data measurements across both time and space. 

Because satellites can transmit remote sensing data in 
digital form (rather than on photographic film), powerful 
new analytic techniques have been developed that take 
advantage of the high-speed data processing the digital 
form allows. Fspecially important is the fixing of data 
from a variety Of sources to a common g()graphical 
base, a technique known as Geographical Information 
Systems (GIS). 

Remote Sensing 

Satellite-mounted sensos differ in three general dimen-
sions. They measure energy of different frequencies, have 
either fine- or coarse-resolution sensors, and may be 
placed in a varieiy of orbits. Each remote sensing device 
is designed to accomplish specific tasks requiring different 
spectral, spatial, and temporal resolutions,

Spectral bands currently used for data collection range 
from several visible portions of the electromagnetic spec-
trum to nonvisible infrared, thermal, and ultraviolet fre-
quencies and include "active" radar-like frequencies. The 
lapsed time of their bounceback to the satellite can be 
used to determine the precise altitude of the land or 
water beneath, even the height of ocean waves. 

Spatial resolution obtained by remote sensors in satel-
lites can be fine, such as the 10-meter ground resolution 
of the French SPOT panchromatic devices or the 
30-meter resolution of the Tlhematic Mapper and the 
80-meter resolution of the Multispectral S,:anner System 
(MSS) devices, both on the U.S. Lindsat satellites. 
Coarser spatial resolutions are suitable for several remote 
sensing objectives, such as meteorological monitoring, 

7171poral resolution is determined by the satellite's 
orbit. Whereasthe surfaceLuidsal satellitesa mattermay ofoverflyweeks,anythegivenlowpoint on ,,ithni 

orbiting weather satell ie,routinely visit each area daily, 
an weather satellites (which orbit at the same rate 
and geostationary
as the earth's rotation, effectively remaining stationary i;relation to the ground below) p~rovide continuous cover

ae om h gr aes 
age of much larger areas 
rzCharacteristics of several leading sensors are summa
rized inTable 11A. Sre monitoring methods offer spa
tially detailed data; others sacrifice spatial resolution for 
better temporal detail (i.e., the same area or process is 
monitored daily, rather than month or annually). Trade
offs are necessary,depending upon the type of informa
tion desired. For example, whereas geological features 
that indicate underground mineral deposits hardly change 
at all and therefore do not need frequent imagery, high 
spectral resolution is desirable for useful analysis, even if 
only from a single image. On the other hand, crop yield 
estimates require repeated coverage at precise times dur
ing the growing cycle, with high spatial detail needed for 
discriminating among crops and among various forms of 
stress affecting total production. 

Measuring seasonal or annual changes in vegetative 
cover requires, at a minimum, an annual inventory. How
ever, no single satellite sensor can do the job alone. U.S. 
National Oceanic and Atmospheric Administration 
(NOAA) polar orbi:ing meteorological satellites carry a 
sensing device, the Advanced Very High Resolution Radi.. 
ometers (AVHRR), that can be used to estimate green leaf 
density on the surface below. The AVHRR has a fairly
coarse resolution. A satellite picture can be visualized as 
a mosaic of many sections or "tiles. An AVHRR tile is 
about one kilometer L-'v one kilometer square as the sat
ellite looks down over the equator (45). Tiles are much 
larger at the edge of a swath and in high latitudes. For 
economy aiid ease of handling, the data from 4 of every 
15 tiles are averaged and the 15 tiles assigned the aver
age value. This method yields an effective tile of about 3 
by 5 kilometers over the equator (4ui).This level of resolu
tion may be adequate for global carbon modeling, for 
example, but only broad characteristics of vegetation can 
be determined: closed or open forest, grassland, desert, 
etc. The data cannot be used to classify specific vegeta
tion characteristics (species, morphology, condition) or to 
measure any but the grossest disturbances. 

Table 11.4 Characteristics of Various U.S. Satellite Sensors 
CZCS8 AVHRRb MSSC 

Visible and nearinfra-Ired Land!: 
Orbit alituo 
Equator crossing 
Nadir ground resnlutor 
Swath width 
Fieldof vle,% 
Effectiverepeat coverage 

Notes: 
a Coasmir zone coo;fr inn,'

bn,Acvancco i ry (I i reo!l r rf I Ic (Of'inn r
. i 
C Mtiulispt.,ctraS ,'emrii'eSource: N E o:ierraJF Cor.Arl CnorR 

Nimbus-7 NOAA-6,8 

5 2 
9.55 km 950 Irn 
1200 730 
825 inn 1100 inn 
1566 kTIn 2700 'in 
439' 456" 


6 day,, 2 o,o., 

teDai:,ouion Sa-el; tanEcoogiral Sur'e,-BoS ence. Vo 36 

NOAA-7,9 Landsat 1-3 Landsat 4,5 
2 4 4
 
850 krm 920 km 705 km
 
1 30 2 930 930
 

79m 2 21100m 83 m 
2700 km 185 km 185 km 
,56' +55' +70 

2 days 18 day-, 16 days 

iette of BonogcaiNo 7 (1986) ri'f468 47E 1986 A i., Iu, Sciences. 
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Other sensors offer much finer spatial resolution. 
Landsat's MSS, whose resolution is about 80 square 
meters, approximately 100 times finer than the most 
detailed AVHRR imaging, and the Thematic Mapper and 
French SPOT systems are much finer. IWo sacrifices must 
be made for this fine spatial resolution, however. First, a 
single Landsat (there have been five) overflies a swath 
only once every 18 days instead of the daily coverage by 
NOAA orbiters. Clouds can obscure the ground for either 
scanner, but the loss of a l;idsat overflight means los-
ingl a month's informati:in about vegetation change. In 
tropical areas with frequent rainfall, the probability of a 
clear view is I in 5. A second difficulty with fine-
resolution data is their volume. For example, Lmidsat 
MSS data are handled in square "frames" 185 by 185 
kilometers; each frame has more than 7.5 million tiles, 
and each tile is scanned in four spectral bands. Each 
frame, therefore, is defined by more than 30 million 
measurements (47). About 12,000 of these scenes would 
be required for a complete picture (if the earth (18). At 
least 1,200 of the scenes are required to cover the area 
where 90 percent of all tropical deforestation is occur-
ring. Acquisition costs alone are prohibitive, and the task 
of storing and processing such a mass of information 
would be astronomical. Fine resolution data, therefore, 
are most useful for intensive monitoring of specific sites 
(such as regions of rapid deforestation) and for refining 
vegetation surveys based on AVHRR or data from other 
sources. 

Satellite sensors monitoring vegetation were used in 
1986 to monitor the potentially catastrophic locust 
swarms that followed the return ofrain to the Sahel. The 
warning afforded by such monitoring allowed eradication 
teams to be deployed in advance to the (argeted areas 

Remote scanners are also being used, for example, to 
detect, identify, and quantify the advancing symptoms o
forest decline over broad areas. Although the causes of
the decline are not yet knowi, reliable indicators of dam-
age that can be remotely sensed are being developed am 

Geographical Information System 

A digitized Geographical Information System is a series of 
computerized "maps" that can be manipulated in the 
same ways as other computer data. The maps are actu-
ally arrays of measurements of specific parameters such 
as altitude, population, and vegetation. Each data point in 
t!e array has two elements: its geographic location and 
the value of the specified parameter. 

Paper maps also show more than one kind of informa-
tion; the most common show latitude and longitude, 
political boundaries, and altitude on the same sheet. Digi-
tized GISs differ from paper maps in one critical respect; 
because they are housed on computers, GISs can inte-
grate many kinds of information and derive nunerical 
values from them. 

One might want, for example, to know the relationship 
between population density and average altitude in each 
country of the world on a suhnational or "district" level, 
Showing two kinds of district-level information for the 
whole world would be an arduous map-making job, and 
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after creating such a map, one would be hard pressed to 
discern the resulting mathematical relationships. Collect
ing worldwide district-level information and locating all 
the districts for a digitized GIS would also be a formida
ble task, but once accomplished, various kinds of infor
mation could easily be compared mathematically on any 
desired level. The results can then be shown in a number 
of ways: in computer-generated map form, with data 
shown at the district level or integrated over countries; in 
tabular form, by district or ,ountry; and with descriptive 
statistical graphics, such as a histogram showing the num
ber of districts corresponding to specific altitude
population density relationships. 

As a tool for sttidying global systems and cycles, GIS 
methods can be used in three ways. First, they can serve 
simply as a potent data storage and management tool. 
This capability is no small consideration given the vol
ume of remote sensing data. Second, GISs add flexibility 
to displaying global data: data can be processed to high
light particular features or variables, and they can be dis
played in a variety of map projections and aggregated or 
disaggregated to represent various scales and degrees of 
resolution. The third and most powerful use is integrating 
or "overlaying" many kinds of data sharing a common 
geographical framework. This end is generally accom
plished with computer models, which easily handle digi
tized data. UseJ in this way, GISs become strong analyti
ca! tools, allowing resource, managers to pinpoint specific 
areas requiring priority action. (See Box 11.1.) 

Institutional Concerns 
At a time when human interventions have impacts far 
beyond the local area and on generations yet unborn, 
these technologies are vital tools for understanding global 

systems and improving local planning and decisionmak
ing. Yet today there are only two operational remote 
sensing satellite systems deployed for civilian sensing of
the land portion of the planet, the aging U.S. Landsat 
and the new French SPOT system. All others either arefor military and intelligence purposes or are meteorologi
cal systems that, with related ground observations, permit
timely analysis and prediction of weather. 

Virtually all the many satellite systems with remote 
sensing capabilities of enormous potential for natural 
resource management have been deployed only experi
mentally and are not funded on a continuing basis. 
Delays caused by their commercialization, and other fac
tors, have reduced confidence in the continuity of their 
coverage and have led to hesitancy on the part of inves
tors, whose support for earth stations and analytical capa
bilities is vital if the practical benefits of satellites are 
ever to be realized. 

The reasons for this lag in the continuous operational 
use of this tool are less a matter of technical than of 
institutional and policy obstacles. 

At the international level, the gap between nations 
with technical know-how and those with the greatest 
need to know builds suspicion and distrust and hampers 
cooperation. In mid-1986, broad agreement was reached 
on a set of draft principles governing remote sensing of 
the earth by satellites. The 15 principles, which are await
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Box 11.1 Putting It All Together: Desertification llazards Assessment 

Iie Cli hbined p )wt'r of reniiO:tv selnsii g, has beel deeloped using rellitte sensing ity, sadi oiiveeitnts, soil moisture, soil tex-
Geographical Inforniatiii Systeis ((IS), and data, GIS, aid a global inohe; it can t used lure, surfac- roughness. and land use.
global models is well illustrated by the to licato the areas most likely to .xperiei i'e .1. Saliinization hazard: the sainization hazard 
Desetification Hazards Asse ssment under- desertification. model incorxrated information on soil .at 
taken by the United Nations Footd and Producing thIe final FA( )/ I I P ap of content, precipitatiin-ewixrati¢.i iciators,

Agriculture )rganization (F.t I) and the dhesertification hazards reiluireJ ti(' use of soil texture, and tox)graphy.

United Nations IInvironiient Programme svt ialiinterlediate aialyses that integrated 5. ILivestock carrying capacity: this factor was
 
(UNKP) ( een iimore fulidaniental GISs in various co1- estimated Iron climate and vegetation

Desertiticati:in is the dtegr.d-tii i of the liinatiois. lie basic da'z at t-his furdainental growing-period data combined with soil 
productive capacity of lIand, s'pecifically land h'v'l inchlded iaps of woild soils at 1:5 ili- coidition, vegetation, and land use data.
iii tie arit amd semiarid regions of tile world 1i00isile, world cliiiate (including Ii lean G. Livestock pressure: current animial density
(See Chapter 5, arnd T ilual rainfall, wind velocity, wet days, al 1d conipared with livestock carrying'-orests Rar igeiarrds.'')''h was 

visible maflestatiins if desertificatiu incridhdt Iprtipitatioii/Aval)oratii I ratios) at 1:5 million, capaiity.

imoverishient (ifth' vegetative cover, suit 
 . niial density at 1:1 illillioll, humanm popula- 7. t'ripulation pressure: tliail Ixtlation was 
'riisioi, niutrienit loss fltoiii soils, structural Ill de' ittV, )oteltial puufuulltionr-suL),rting Ievabtlat( d ill relation 10 ttie [)<etia 
brvakdo%,i of ithesoil, etc. The causes of tpacity, ali(t agricultural areas. Note that c:ipplatili-sUp~liurtigtapacity of tie lard. 
0 -sertification are votlex, but they appear Minlle ofI theuse maps are imi possible to create lte ratiii of thlese seves subhidexes 
Itohittge Orl the delicatetbalallce hetivee fron satellite r,-i iote sensing data ad oltters produ,ed the World Map iif Desert ification 

land productivity and hurnan demhands ii cain best tie cre;ted by ,,atellite re'rote st ns- Hizards at 1:25 million scale frnore detailed,
that productivity. Agricultural use Of iiarginal ins. All these ,.a were digitized for GIS us'.' duta were use' for Africa, allowing a rrap at
 
land, overstockirig O'flivCstock lu.'ztnd the car- atd thenl tmioudeli''d using varioius treatnicirts to i:5 million scale).
 
ryi, capaci t Ifthe rang',, auid iaoorlv produce seven subilldicators of desertification
 
un;iliaged irrigation syst:r I alt tilitribtile ti hazirdS: 
 Notes and Reilrences
 
de.iertificathon. 
 I .',ii constraints: world soils were evaluated 

l)esertification afllt ,tS ifuilidreds of millions for their ability to support rainfed crops. I. 'Iudor (. Boyadgiev "Report lhe Modelon 
o p ople, often aiong the xorest ii tie 2. Water hazard: the impact if precipitation iig for Compilation of the Maps of l)eserti
world. It is difficult to ayUess tl(' current oii soils was miodeled by integratini GISs of ication lHazards inl Africa tlrd Soil Fle
xniit ef and directly monitor-dsertifictatiio, soils, topography, pret:pitatioi, and latuiral trents Used ill Assessing Desertification ana 

ing its spread is almost impissible. (See Chap- vegetation. Degradation In the World" (United Nations 
ter 20t, "uorests and Itingelaud(s:' 'lable 20,14 3. Wind hazard: this factor was modeled by Food and Agriculture ()rganization, Rome, 
ioswever, an inudex ot (cesertification hazards integrating GISs iof will(] speed and variabil- I98.1). 

ing adlption by the U.N. ( tencral Assentblv, delinea:e research eff' rt of the science of global change. This
 
agre ed iobligatiion! atnd rights foir sensed and selsilng 
 &h l al research pr(grant for the 1990s wifl rely on space
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boundaries of nations. Similar problems are met in issues 
of tropical deforestation, regional desertification, acid 
deposition, the changing chemistry of soils and ground-
waters, and the rapid decline in the numbers of plant 
and animal species. 

This trend toward global science has spawned a 
sequence of proposed programs of multidisciplinary 
research with goals and names that are much alike. In 
1982, at the U.N. Conference on the Peaceful Uses of 
Outer Space (UNISPACE) in Vienna, the Administrator of 
the U.S. National Aeronautics and Space Administration 
(NASA) proposed a radical Global Habitability program to 
strengthen understanding of the earth as the support sys-
tem for life-a new international endeavor, based chiefly 
on data taken from downlooking spacecraft-to monitor 
global changes in fundamental chemistry, land cover, 
water, and other resources and to build understanding of 
the near future of the earth (5:3). At about the same time, 
a panel of atmospheric chemists and meteorologists in 
the United States proposed a comprehensive plan for a 
coordinated study of tropospheric chemistry on a global 
scale-a program of pure science prompted by increasing 
concerns about the influence of human activity on the 
life-giving chemistry of the planet (5t). In 1983, the U.S. 
National Research Council took steps to define a new 
international program of research, modeled after the 
International Geophysical Year (IGY) of 1957-58, that 
would address problems of global change on a multidis-
ciplinary basis-to be organized, as was the IGY, under 
the aegis of the International Council of Scientific Unionis 
(ICSU) (55). Also in 1983, NASA organized its own presti-
gious multidisciplinary committee on Earth Systems 
Science (ESSC) to define the needs of a research program 
in whole-earth science and to design, in effect, a new 
science of the earth (56). Soon after, the U.S. National 
Science Foundation initiated a new high-priority thrust, 
Global Geosciences, aimed at the same issue (57). The 
member nations and scientific unions of ICSU began con-
sidering these programs as international endeavors in 
1984, following a resolution of the 20th General Assem-
bly of that body in Ottawa (58), 

These disparate efforts reached fruition in Bern, Swit-
zerland, in September 1986, when the 21st General 
Assembly of ICSU, made up of the scientific academies 
and research councils of 71 nations and the representa-
tives of 20 international scientific unions, voted unani-
mously to launch the International Geosphere-Biosphere 
Programme, to begin immediately and reach full force in 
about 1992 (59). The IGBP endorsed at Bern will solicit 

the cooperation of all nations of the earth in a 10- to 
20-year scientific endeavor focused on selected pressing 
global problems. Its goal is to describe and understand 
the interactive physical, chemical, and biological 
processes that regulate the total earth system, the unique 
environment that it provides for life, the changes that are 
occurring in this system, and the manner in which t, y 
are influenced by human actions (60). The program will 
try to build a new base of knowledge and understanding 
that will serve as a basis for assessing likely changes on 
the earth in the next 100 years through programs of 
observation, process studies, numerical modeling, and the 
recovery of records of natural changes in the past. 
Remarkable at Bern was the unanimity of opinion of all 
nations, from China to the United States to the USSR, on 
the need for and urgency of the program and on the 
basic elements of its scientific focus and definition. 

IGBP will enlist an international army of space and 
ground-based scientists from the fields of biology, ocean
ography, geology, atmospheric science, hydrology, glaciol
ogy, soils science, and solar-terrestrial physics (61)(62). It 
will be the biggest effort that science has ever organized, 
the first in which physical, chemical, and biological scien
tists will actively collaborate, and the most practical in 
terms of its ultimate goals. Principal funding will come 
through national programs of research that are dedicated 
to the aims of IGBP, for example, NASA (Earth System 
Science) and the National Science Foundation (Global 
Geosciences) in the United States. Headquarters for IGBP 
have been established in Stockholm through a pledge of 
about $150,000 per yea! from the Swedish Government. 

The cost to each nation depends a great deal on how 
the accounting is done, because much of the program 
rests on research in individual scientific diciplines that are 
already planned or underway. IGBP is certain to 
require a new generation of downlooking spacecraft; 
major efforts in field studies on the ground, on ice, and 
on the seas; establishment of a worldwide computer
based communications aud data-handling system; and the 
evolution of comprehensive numerical models of he 
global environment, adequate to predict the effects of 
natural and human perturbations of the earth's inter
dependent systems. How fast plans for these needs will 
evolve depends most of all upon national priorities for 
science funding in the next 10 years. In the United States 
at present, the program seems in good stead to receive 
favored treatment even in these times of severe budget
ary constraints (63). 
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12. Policies and Institutions
 

Natural resources such as rivers and seas have helped 
shape the political boundaries of nations, dividing them 
in one sense, but also linking their future well-being inex-
tricably to wise management of these resources. Because 
they are essential to all those whose boundaries they 
touch or cross, shared resources are frequently the focus 
of competition and conflict. -,s populations grew and 
technological capacities (and wastes) increased, water, air, 
and other resources have en used more intensely. 

In 1986, two events se veu as stark reminders of the 
dramatic impacts that the quality of the air and water in 
one country can have on other countries: the nuclear 
accident at Chernobyl in the Soviet Union and the toxic 
chemical spill into the Rhine at Basel, Switzerland. In 
these cases-as in many other, less publicized abnes of 
shared resources-pollution had no respect for political 
boundaries, 

In recent years, nations have increasingly recognized 
how the actions of other nations can significantly affect 
both the quality and quantity of the resources available 
to them. National leaders have begun to perceive mutual 
interests in protecting shared resources. As a result, theyhave attempted to reach a variety of formal and informal 
agreements concerning transhoundary pollution and the 
management of shared resources. 

This year's "Policies and Instiutions" chapter examines 
so oyer'se agreemes and stth cpterveaanes

some of these agreements and the cooperative arrange-

It looks separatelymanage rivers, seas, andtl,e ntsatmosphere.that have beeni devised to at agreements involvo 
ing twosp-fore.It rostrates, al agreements involva 
larger number of states, and global agreements involving
larger onuter oldstats This laegrgl tinholg
most of the world's nations. This categorization, though 
not precise, is helpful for purposes of analysis.Although it might be assumed that institutional 

Arnght involving the smallest number of participat-
arrangements inovn h mletnme fpriia-
ing countries can be conducted most quickly, enforced 

most effectively, and have the best prospects for success, 
the examples below show that this assumption is not 
always correct. Nevertheless, when the interests of the 
countries involved are nearly equal and when coopera
tion focuses on specific limited objectives, the chances for 
successful cooperation seem to be enhinced. 

INTERNATIONAL ENVIRONMENTAL LAW 

In recent years, a body of international law, practice, and 
standards has evolved whose effect is to encourage 
equitable apportionment of reources, to discourage the 
externalization of pollution, and to promote cooperation 
among countries. Without these guidelines, individual 
nations would presumably export as much of their polu
tion, and take as much from shared resources, as they 
wished. But becaue of them, a growing number of 
attempts are being made to prevent and resolve environ
mental disputes in cooperative and mutually beneficial 
ways. 

The foremost principle of international environmental 
law is that ones property should not hbeused in waysthat endanger the property of one's neighbor. This princi
pie, rooted in Roman legal tradition, was upheld 50 years 
ago in a landmark case between Canada and the United 
States, in which Canada was required to pay damages to
Washington state for fumes from a British Columbiasmelter (i). In 1947, the principle was placed firmly in the 

boyfineatnllwbyheCruhnelcsn inbody of international law by the C'orfii Channel case, 
which the International Court of Justice declared: "Every
state is under an obligation not to allow its territory to
be used for acts contrary to the rights of other states" (2).

The 1972 U~nited Nations Conference on the Human
Evironme nt ed in c o teod n e 21,Environment, held in Stockholm, adopted Principle 21, 

which recognizes a nation's right to exploit its own natu
ral resources, providing that such c'xploitation does not 
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damage the environment of other nations. The language
of Principle 21 has since been incorporated into numer-
ous regional and global conventions (3)(4). 

This principle received further validation in the interna-
tional community in 1979, when the U.N. General Assem-
bly adopted a set of principles, based on the Stockholm 
Conference, for the "Conservation and Harmonious Utili-
zation of Natural Resources Shared by Two or More 
States:' to be used in the formulation of bilateral and 
multilateral conventions oin environmental subjects (5). 

PROSPECTS FOR SUCCESS 

In the areas of pollution abatement and resource sharing, 
even modest successes are significant. An agreement to 
prevent air or water pollution may not result in cleaner 
air or water initially, but it may slow tile rate of deterio-ration.Eahothcaedicseintichpeetil 

Even with a strong commitment on all sides, an agree-
enth a ta rto comitment oetalies ar efe,

mient can take y'ears to become established or effective,
For example, the convention on "Long Range Transboun-
dary Air Pollution:' whose purpose is to address the criti-
c i1 problemn of acid rain in Europe, wits signed in 1979,camirom fcid r9a ddan inmppelwassigedeting19 
camne into force in 198:3, and had an implementing pro-
tocol added to it in 1985 (i); the results will not be ascer-tained until 1993. Compared with other international 
environmental agreements, however, this convention has 
pnroce araterspeedend,hoeerths cntentiona 

action. 


International environmental problems are most success-
fully managed when all the participating countries recog-
nize that their long-term national self-interests lie in 
mutual collaboration. Countries cooperate on resource 
sharing and pollution control because they believe it is in 
their interests to do so-either in the short term (e.g., 
cessation of a neighbors misuse of the resource) or in 
the long term (proper management of a valued resource 
or improved relations among countries). Successful inter-
national agreements do not necessarily require giving up 
national sovereignty (such a requirement would most 
likely retard progress), but they do require a recognition 
of, and respect for, the rights and needs of the partner 
countries. 

A number of conditions-including a history of amica-
ble relations, compatible economies and cultures, and 
shared environmental values-contribute to a high degree 
of cooperation among countries. But there are no 
givens"-no conditions that guarantee success. 

Nonetheless, one can identify various factors that often 
influence the likelihood of achieving workable inter-
governmental arrangements. These include: 
* the severity of the problem-once a problem is widely 
acknowledged as critical, it may be easier to make pro-
gress; 
* science-how much technical agreement there is 

about what actions are needed; 

* geography-the extent to which countries are similarly 
or differently affected; 
* law-whether countries have laws protecting the 
environment and whether foreigners have equal access to 
court and administrative proceedings to enforce those 
laws; 

E domestic interests and pressures-who favors and who 
opposes action on the issue in each country; 
N formal institutions and pclicies-whether there is a 
mechanism in place for cooperative action among the 
countries; 
U history-whether there is a tradition of cooperation or 
conflict among the countries; 
E relative economic strength, military power, and 
population-large disparities in size or strength may hin
der agreement unless the stronger country depends on 
the weaker for the resource; 
U outside influences-whether there are third partiessuch as U.N. agencies or other nations that influence the 
prcess wihu eing sig nato s th agreet 
process without being signatories to the agreement; 
vioii t are etrechvarious interests are entrenched.
 

Each of the cases discussed in this chapter entails
 

unique circumstances-a particular problem involving par
ticular groups of advantaged and disadvantaged countries
dealing with their own domestic economic and political
d e ws. ith the c esmic ent a 
pressures. Collectively, however, the cases represent abroad array of institutional structures and mechanismsbodaryo ntttoa tutrsadmcaimavailable for dealing with resource and pollution issues, 
they illustrate thre factors that affect prospects for reach
they i l ent a r t as, t d pro vieing and implementing agreements, and they provide 
insight into the behaviors of countries balancing narrow 
self-interests with long-term mutual interests in the protec
tion of scarce, and ultimately finite, resources. 
RESOURCE AGREEMENTS INVOLVING TWO-
FOUR COUNTRIES 

Issues of shared resource management and cross
boundary pollution that affect relatively few nations tend 
to be more immediate than those that affect a large 
number of countries. The direct benefits as well as the 
specific costs of the actions of individual nations are eas
ier to define with precision, as is the question of who is 
doing what to whom. These characteristics may make 
agreement among a small number of nations easier in 
terms of defining specific actions or remedies required. 
On the other hand, a clearer understanding of the costs 
of specific actions may make it more difficult to reach 
agreement. 

The Great Lakes Basin 

The Great Lakes are one of the most important natural 
resources shared by Canada and the United States. (See 
Figure 12.1.) One seventh of the U.S. population resides in 
the Great Lakes basin, including four of the 12 largest cit
ies in the United States, and one sixth of U.S. national 
income is generated in the basin. Sixty percent of 
Canada's total population lives in the basin, and nearly 
one third of Canada's national income is generated there. 
The U.S. population in the basin is almost five times that 
of the Canadian population (7). Use of the Great Lakes 
reflects this population difference-the United States 
accounts for 87 percent of the water consumed from the 
lakes and discharges 80 percent of conventional pollu
tants from sewage treatment plants. The two countries' 
discharges of toxic chemicals are likely to be similarly 
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disproportionate (8). the Commission's role as neutral problem solver. The two 
The major legal instrument governing the Great Likes governments view IJC recommendations as both techni

is the Boundary Waters Treaty of 1909 (!, which extends cally competent and uncompromised by national biases. 
to all U.S.-Canadian boundary waters. It established the Over its 75-year history, about 80 percent of the IJC 
International Joint Commission (IJC) as a permanent recommendations have been accepted by both govern
body to implement portions of the Treaty. The IJC is ments. The IJC has generally not tried to stretch its 
often portrayed as a successful model institution for deal- power by setting policy or devising regulations.
ing with transboundary disputes, especially disputes over Implementation of IJC recommendations is left to each 
water quantity issues (levels and flows of water) (10). country (15). 

Part of the LIC's effectiveness in resolving disputes Controlling pollution within the Great iakes basin has 
results from its relatively limited use. Canada and the proven to be a more difficult issue than controlling water 
United States originally created the L.IC to deal exclu- use, and it is challenging the IJC's effectiveness. The 
sively with problems such as water diversion, flood con- Great Lakes Water Quality Agreements of 1972 and 1978 
trol, and hydroelectric power generation, the solution of assigned the IJC a significant role in the joint U.S.
which could benefit both nations (i). Under Articles Ill Canadian efforts to clean up the lakes. The 1972 Agree
and IV of the Treaty, the IJC can make binding, ment focused on pollution from traditional sources, such 
unreviewable decisions about applications regarding such as municipal sewers, that were causing severe eutrophica
issues (12). But in general, Canada and the United States tion (1;) of the lower Great Lakes (17). The 1978 Agree
do not refer problems to the IJC unless their national ment relates mainly to toxic pollutants. The responsibility
interests coincide (1:3).Under Article X of the Boundary of the IJC was to oversee implementation of the agree-
Waters Treaty, if the two countries consent, the IJC can ments, to report on the adequacy of progress being made 
sit as arbitrator and render a binding decision on almost to meet the objective of the agreements, and to coor
any issue arising under the Treaty. 'lb date, the two coun- dinate data collection, research, monitoring, and surveil
tries have not exercised this option (i.1). lance in both countries intended to meet the goals of the 

The IJC's effectiveness in water use issues arises agreements (18). Binational boards and advisory groups
primarily from its role as neutral adviser and factfinder. were also established to advise the IJC on water pollution 
The IJC's advisory boards are staffed by impartial profes- problems (in).
sionals. Throughout its existence, the IJC's commissioners, Primarily through unilateral domestic efforts, progress 
particularly the two chairs (one from the United States has been made in controlling pollution from conventional 
and one from Canada), have respected and maintained sources. Eutrophication of the lakes has been slowed and 

Figure 12.1 ":,Great Lakes Basin 
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in sonie places stopped (20). The [IC supports this effort 
through research and monitoring. On the other hanl, an 
effective toxic substances conlrol strategy has not been 
developed. Allocation of permitted discharges into the 
lakes is controversial. Canada would base the discharge
allocation on land area instead of population. The United 
States favors allocation hased on population, which would 
greatly favor the United States. This controversy also 
reflects divergences in the ways Canada and the Inited 
States control domestic water )ollution. In the United 
States, regulations require the control of water pollution 
at the source, with a goal ot zero discharge. Canadian 
regulations assume that water receiving Iollutants has a 
given assimilative capacity. Regulation is on a 'case-hy-
case hasis with the overall objective of staying within the 
assimilative capacity (2)). In addition, significant sourcea 
of toxic pllutants in the lakes is air pollution, over 
which the L.l(' has not atteml)te(d to exercise any control, 

Progress in dealing with (;reat I;ikes water quality, 
however, does not depend solely on a binational adininis-
trative framework such as the L.I(. Numerous (ondlitions
in the (reat lakes basin favor bilateral dispute resolution 
(22). For example, there is neither an upstream polluting 
country nor a doiwnstreanm victinm (ou.lntry. Idustries and 
imnicilpalities (i both sides contribute to the pollution 
load. Although the Unitel States produ ces the much 

larger share of the lakes' pollution, overall pollution 

affects both countries, 


International cooperation is also fostered by subnational 
cooperation aiong the basin's states and provinces. Basin 
governance is diffused among the two federal govern-
ments, eight IU.S. states, anti the Canadian province of 
Ontario (23). The states and, to a greater extent, the prov-
ince of Ontario have authority within their federal sys-
tems to regulate activities affecting the lakes' water qual-
ity. In May 1986, the governors of states bordering the 
Great Likes approved a 'lbxic Substances Control Agree-
ment as ;! first step toward developing a more copl)re-
hensive plan to reduce the dumping of clemicals into 
the lakes (24). Ontario and Quebec officials voiced support 
for the agreement, and they plan to develo ) a similar 
accord. Many provisions of the "lixic Substances Control 
Agreement echo those of the 1978 Great Likes Water 
Quality Agreement. 

Earlier in 1986, the governors of the eight Great Lakes 
states signed a joint resolution banning oil drilling in the 
Great lakes. Ontario endorsed a draft "statement of pur-
pose" on the subject. The LIC had not considered tile 
drilling issue because lake beds are state lands and thus 
are outside federal jurisdiction (25). Michigan and Ontario 
also signed a pact in 1985 that commits both parties to 
virtually eliminate toxic chemicals from houndary waters 
by the year 2000 (26i). These subnational cooperative 
efforts augment cooperative national efforts to clean up 
the lakes. 

Nongovernmental organizations (NGOs) in both coun-
tries also strongly encourage international cooperative 

efforts to control toxic pollution. The Canadiar. . ,vern-

ment has even taken the unusual step of funding Caua-

dian environmental groups participating in U.S. lawsuits 

aimed at forcing cleanup of toxic waste dumps (27). 


Environment Canada, Canada's environmental agency, is 
putting its informational and technical resources at the 
disposal of environmental groups. The Canadian Environ
ment Minister has siid: "Direct legal involvement [by the 
Canadian Governnent] might be self-defeating. If we lost 
in the courts, we might be encumbered in going through
the political route. We don't want to hamstring ourselves" 
(28). U.S. environmental groups have not yet attempted to 
intervene in cases before Canadian courts; thus it remains 
to I)e seen whether U.S environmental groups can gain 
elual access to Canadian courts (29). 

The Great Ilikes Water Quality Agreement of 1978 is 
slated to come under joint governmental review. The U.S. 
National Research Council and the Royal Society of 
Canada have reviewed progress under the Agreement 
and made recommendations. Their joint report suggests 
that the [.IC should consider assuming a higher profile by 
exercising its authority to initiate reviews of water poilu
tion issues p(i) (m1.This recommendation would 
strengthen the LIC role in protecting and managing the 
lakes. 

In summary, Canada and the United States have devel
oped fairly effective mechanisms for handling Great Likes 
water issues. Sccess is most evident in issues of control
ling water flow and diversion, with the .IC serving an 
imlportant administrative function. Water quality is a 
newer issue, and progress on cleaning up the lakes is 
more limited, especiallV for toxic pollutants. When called 
upon, the LIC is effective in investigating and recom
mending solutions to (reat ILakes' water quality problems, 
I)ut the hIC is called upon only when Canada and the 
United States agree on the nature of a problem. The IJC 
may he a model for other situations-but only if the 
nations involved have strong incentives to cooperate. 
The Nile River 

Egypt and Sudan share the waters of the Nile, the world's 
second longest river. (See Figure 12.2.) The vast majority 
of Egypt's population lives within the Nile River Valley.
Egypt's homogeneous population of about 50 million lives 
in a cultivable land area of some 30,000 square kilome
ters, with an average density of 1,000 people per square 
kilometer (32). Since the beginning of recorded history, 
"life in Egypt has . . . been based totally on agriculture 
irrigated by the waters of the River Nile" (:3). Sudan, by 
contrast, has a heterogeneous population of about 20 mil
lion, but a population density of only seven people per 
square kilometer; 60 percent of Sudan's vast land surface 
is arable and habitable (3-4). 

The Nile is so important to both countries that their 
presidents apparently negotiate any major problems or 
development schemes in bilateral discussions. Because of 
Egypt's total dependence on Nile water flowing from 
Sudan, it seems to be a cornerstone of Egyptian foreign 
policy that there be a friendly government in Khartoum. 
Egypt presumably would respond militarily if a hostile 
Sudan Government attempted to disrupt the flow of the 
Nile into Egypt. 

The first Nile Water Agreement between Egypt and 
Sudan was signed in 1929 (35). Their current sharing 
arrangement was formalized in 1959. The 1959 'Agree
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Figure 12.2 The Nile River 
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ment for the Complete Utilization of the Nile Waters" set 
up a Permanent Joint Technical Commission, which has 
been operating since then (36)(37). The Commission per-
forms a limited research, data gathering, planning, and 
coordinating function. It is staffed by engineers and tech-
nical personnel from both countries. 

The Permanent Joint Commission has no independent 
authority. It has facilitated the two countries' cooperative 
efforts to finance and build the Jonglei Canal project-

begun in 1978 to reclaim most of the Nile flow through
the southern Sudan's SIudd swanip (50 percent of tile 
Nile's total flow) that is currently lost by evaporation and 
seepage (38). 

Egypt and Sudan now share equally in tile costs, and 
they expect eventually to share in the water benefits of 
the Jonglei project ( J. UUnderway since 1978 but 
nowher, near completion, the )roject has been com
pletely stopped by political unirest in southern Sudan (,10). 
Many believe that the project's adverse environmental 
consequences will be massive (4]) (2.). It will certainly dis

stock on which their livelihood and diet depend. 
(See Chapter 6, "Wildlife and Halbitat:' Focus On: Fresh
water Wetlands.) 

Sudanese Governent leaders seemn to have identified 
str(ngly with the Jonglei Canal project, just as Egypt's 
leaders had identified with the Aswan High Dam. Both 
projects fed on nationalism, and now each nation's self
image and self-esteem seem to be involved in the 
)roject's success. 
The Joint ('ommission also helped to work out the for

nmula for dividing the water from the Aswan Dan. These 
bilateral arrangements involve no loss of sovereignty and 
seem likely to work so long as they are mutually benefi
cial. 

The 1959 Agreement formalized the acquired or 
historic rights of both countries to Nile waters in a 
proportion of 12 to I in favor of Egypt (:). Egypt has a 
larger population and is Much stronger economically and 
militarily. The long-term )ro)blem for Egypt and Sudan is 
that both depend oii their upstream riparians. Egypt, the 
most downstream riparian of the nine nations on the 
Nile, "'oends entirely on upstream nations, including 
Sudai. for its vital supply of Nile water. 

At least 8(6 percent of Nile waters flow out of Ethiopia 
(.i). If Ethiopia were unilaterally to divert any substantial 
percentage of its own 3lue Nile waters for domestic use, 
a critical water shortage would undoubtedly result ill 
both Egypt and the Sudan. Ethiopia and Egypt are vastly 
differenit Cultuirally, economiically, and politically In thle 
absence of problems, Egypt and Sudan seem to be reluc
tant to initiate discussions with Ethiopia (45). Accordingly, 
Ethiopia has been completely outside Nile planning and 
development. Although no major Ethiopian diversions of 

Nile waters are foreseen, even a small diversion 
could cause serious )roblems for Sudan and Egypt. Suda
nese needs for water may soon exceed its supply-after 
Egypt receives its guaranteed allocation-and Egypt too is 

hard pressed for water to support the rising agricultural 
needs of its burgeoning population. 

The White Nile, which supplies about 1,t percent of the 
water flowing annually through the Aswan Dam, 
originates in Likes Victoria, Kioga, Edward, Albert, and 
George, whose six ril)arian states-Uganda, Kenya, Tanza
nia, Rwanda, Burundi, and Zaire-are essential to any 
future development of the Nile Basin (,w). Because the 
nine nations of the Nile Basin had not met to discuss 
,ooperative action, the United Nations Development 
Programme invited the wate, ministers of the nine Nile 
countries to a meeting in Bangkok in 1985 (17). No agree

185 



Policies and Institutions 

ment was reached at the meeting, and Ethopia appeared 
to be most reluctant to commit to any cooperative agree
ment that would limit its rights to control tile Nile waters
in its territory (i). 

In the Nile basin, the greatest challenges would seem 
to lie ahead. Upstream riparians are likely eventually to 
claim Nile waters for their own Iydropower and irrigation
schemes. Thus a cooperative arrangement is especially
important to Egypt and Sudan for the protection of their 
water needs. 

The Ganges-Brahmaputra River Basin 
The Ganges River rises in the Himalayas of India and 
Nepal and flows 2,700 kilometers through north India,
joining the Bay of Bengal through deltaic Bangladesh. Its 
role as the sacred river of 600 million Hindus obscures 
for the outside world its economic, and specirically 
agricultural, importance. Like the Nile, the highly sea-
sonal Ganges over millennia has created an alluvial basin 
with a distinct civilization whose cultivation now is the 
support of a third of a billion Indians, Nepalis, and Ban-
gladeshis. The lirahmaputra, a slightly larger in volume 
and less seasonally varying river, aftei a long eastward 
course in Tibet, turns west to drain the Indian state of 
Assam and joins the Ganges in 3angladesh about 200 

kilometers above the Bay of Bengal. (See Figure 12.3.) 


Unlike the situation in the Nile basin, Bangladesh, themost downstream ripariaii, is militarily and economically 
much weaker than its upstream neighbor, India, whichalso dwarfs the highest riparian, Nepal. The latter 
impoverished Himalayan kingdom has by a good deal the 
smallest popilation and has virtually no major export 
resources except the large hydroelectric potent!a! of its

rivers that flow into the Ganges, effectively usable only

by India. The Himalayas, primarily in Nepal, are the
 
source of the silt the system carries. Because the
 
Himalayas are geologically Young and steel) mountains,

siltation is inevitably heavy, but speed of run-off and the 
sediment load have grown due to extensive deforestation 
of the slopes, increasing to an undetermined degree the 
wet season-dry season contrast, flood danger, problems of 
navigation, and tile cost of dams. 

In the 1950s, when Bangladesh was East Pakistan, India 
decided to build a barrage (dam) across the Ganges at 
Farakka just above the border. Its purpose was to divert a 
portion of the s,:arce low season water into the Hooghlychannel which remains within India, ostensibly to flush 
silt from the economically stagnating port of Calcutta. 

The barrage (with movable gates) was co Licted 

through the 1960s notwithstanding Pakistaiii protests. At 

the same time a deeper water Hooghly port was built 

closer to the sea at Haldia largely as a substitute for Cal-

cutta (.19). As the Farakka Barrage approached comple-

tion, and in the wake of Bangladesh's 1971 achievement 

of independence with the assistance of the Indian forces,

the Indo-Bangladesh Joint Rivers Commission (JRC) was 

established in 1972 "to make Joint Recommendations to 
the two governments as to how (their common) waters 
might be optimally developed and appropriated by either 
country for their mutual benefit (50). Each country's
representation to the JRC is led by a minister, and meet-
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Figure 12.3 Ganges- Brahmnaputra River Basin 
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ings were intended to be held four times a year. During
the monsoon season, when excess water is the problem,
the JRC has served to transmit information about Ganges
flows, enabling Bangladesh to take protective measures 
against flooding (51), but concerning the critical low-water 
season (April and May), the JRC has not yet become an 
instrument of active cooperation.

Especially since the 1975 fall of Bangladeshi independ
ence leader Mujibur Rahman, India has shown cautionand reserve in several spheres of its relations with the 
Bangladesh government. In 1976, India unilaterally used 
Farakka to shift part of the Ganges low flow to the 
Hooghly (52). Bangladesh asserted that the reduced flow 
for Bangladesh not only diminished water available for 
food production but also caused Bangladeshi wells in the 
southwestern part of the country to dry up or to be 
invaded by salt water from the Bay of Bengal. In the 
absence of any resolution of the problem through the 
JRC, Bangladesh appealed to the General Assembly of 
the United Nations in 1976, leading to a consensus state
ment that helped persuade India to negotiate with Ban
gladesh over its use of the Barrage at Farakka (53).

After such exchanges, in 1977 India and Bangladesh
agreed to a five-year sharing of dry-season Ganges waters 
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at Irakka that ga,,e 966 cubic meters per second (54) (55). The Rhine basin has a population of approximately 4(0
 
or roughly 
60 percent, to Bang lCdesh. It was also agreed million people, including the majority of the residents of
 
that the two countries would jointly seek ways to aug- Switzerland and the Netherlands and about one third of
 
nient tile availability of how-season Ganges water, The West Germany's population (62). This concentrated popula
1977 "sharing" agreement has since been extended twice, tion in he Rhine basin has resulted in the use of tile
 
but for shorter per, Is, and with less firm guarantees Rhine t(;dischitge much of the area's waste products.
 
than the original ones to Bangladesh (5h)(57). The highly publicized chemical spill in November 1986
 

There has been effectively no progress toward coopera- that occurred in Basel, Switzerland, was merely the worst
 
live plans to "augment" the dry season flow of the river, and most recent example of the tons of toxic chemicals,
 
A perennial proposal of Indian engineers has been to mineral wastes containing heavy metals, and organic
 
('onstruct a canal through Bangladesh todivert Brah- compounds that have been dumped in the Rhine over
 
inapultra water upstream at the Assalni-Bangladesh border the years, seriously degrading its water quality. Chlorides
 
into the Ganges in eastern Bihar state. ''his caiial would (common salt) have been the Rhine's nost pervasive pol
cover the water needs of West Bengal and Calcutta per- lutant. (In 1975, at the place where tile Rhine flows into
 
mitting greater withdrawals b , upstream farmers in Uttar the Netherlands, the river carried an annual average of
 
Pradesh and western Bihar to irrigate the dry season 12.2 million metric tons of chlorides ((;:i).)

'"green revolution" 'rops tha it a growing population makes In response t,, increasing pIollution, tilefour state.,,
 
more ilperative each year. The Bangladesh Government agreed in 1963 to their first environmental compact,
 
is d0-ply op)posed to such a canal. It believes that Ban- establishing the International Commission for the Protec
gladesh needs alltile dry-season water that historically tion of the Rhine against Pollution ((.I). The International
 
both rivers have brought it, inorder to resist salt invasion Commnission imposes no specific obligation on the con
from the Bay of Bengal and to comlbat all asserted tracting states apart from their agreement to cooperate 
increased sedinmeitation said to lead to faster elevatioll Of with the Conllissioil. It condicts pollution research and 
channel beds and a greater risk of flooding in tihe delta pro)poses various abatement measures to the ripa "iii 
(SM). Perhaps even more ilmportalnt, Bangladeshi natiollalist states. Essentially, it has a monitoring and advisory func
feeling strongly rejects a canal as ami intrusion Of Indian tion and no decisionmaking power (65). Three of the four 
interests and power into Bangladesh territory. Because main Rhine riparians--West Germany, France, and the 
Bangladesh had ai, -ed to discuss augmentation of the 
waters, and because the FiArakka Barrage gives India the 
powerful leverage of being able to control virtually con- Figure 12.4 he Rhine River 
pletely the dry season flow of the Ganges into Ban
gladesh, Bangladesh countered the link canal suggestion . 0 ' ,. 
with a proposal to construct storage dams in Nepal to 
hold the monsoon water of Ganges tributaries for use in
the dry season. Until recently India has strongly resisted ..
bringing Nepal to the table when it discusses water with 
Bangladesh. More important, it has been clear from the . .
 
outset that Nepal has no reason to sacrifice its populated r 
valleys as storage sites to solve the Indo-Bangladeshiproblem !59 .., '-." 

As less water reaches Farakka each year due to - r 
increasing ul)strealn irrigation use in the politically potent . ,
 
"Hindi bell" of North India, the "augmentation" efforts .Rhine River r
 
under the 1977 agreement remain deadlocked. It is :iot
 
clear whether India Will use its control of the Ganges , ,, " .
 
flow at Farakka to increase pressure on Bangladesh to ""
 
accede to interbasin transfer of water from the Brah- "
 
maputra. "Instead of making attempts to resolve differ- "-.
 
ences through accommodations and a pooling oif IUXEMBOURG \ WEST GERMANY
 
resources:' observed one Bangladeshi scholar, "each coun- '"-.
 
try is determined to vet more than its fair share (wt)l" /.,
 

FRANCE /
The Rhine River! 

The four major Rhine riparians-Switzerland, Wes' Ger
many, France, and the Netherlands (6ly-have similar cul- BaselI 
tures, standards of living, political values, and environ- .',.- . .
 
mental controls. (See Figure 12.4.) These four countries 
have a long history of cooperation on issues concerning C . AUSIRII 

their shared river resource. In 1885, for example, they " " 
joined in a treaty on salmon fishing, and since then there . ,,...., ,L.NH 
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Netherlands-are also members of the luiropean F.-, 
noInic ('oirnnlkitv (IIJ-. which has adopted a variety it 
directives co:e cl1 0 n vate iIliltiol. (A lirective of th 
E( is Idihlj ()il each member nation.)le fonrtlI ril)ar-
ian, Svitz/rland, is itia nieniber (iftil,l( 


In Hf?71,, the ftmr Rhine states signed t%%1)
additional 
c)"iventitols: the (tillVeltioll for tl,eliitection of the 
Rhine against Chemical lPollition i;i and the ( nventim 
i the Protecti(m (if tilheRhin.e ;,sai st l~llutii hb ('1h 

rides (tile Rthin Salt C'iii,,tiitii) l. The Rhine ('heini-
cal C,mvelition, miii icle(t a-ftea siiiilar FC direc!vo. 
established a "black list"(f d;ingerous chemicals that 

should Ie grad'tally elil1immitilah dai "grty list" ()f sulj-

staliwo'Us \host. dischiarie iin!tihe Rhi lliictds to)I 

strictly rt'glated I)vmatiijill umtliirities t,;i. 


[titil the spi! of iirith;mi1000 mitetri f cheni-tois 
cals fri a ( himical stit, in Switzer-ii, w.relouse l asei 
antd. the effects (ifthe Chemicad (ov(-1tiin hait teen 
n,ixd. I ,vels of tile ollitaats, liarticlilar;y heavy
ie'ails, had dlecrease( since th, ii .id-l9lts, hot levels iof 

iitralts hal ri:en. (See tirhld Remniors 19M)', Part IV, 
l"lli.le1.2, lt).34-3t:.).Actiol in addin.g new chemicals 
th the list c i ember c(mn-
isslow becalse( the th 
tries ' k< to the .V for new directives (o specific hclini-
(tils (;i. 

iloride pollitkii i;s not directlv c vered by amy JK.) 
directive. and I'i real progress h;is vet heen mlade ill 
cleaninm ittop.he salmiization 4 the Rhine, has'I Im;zssiv,' 

win in(lusirial and 
the Rhine Iasin. About one third of the salt isdischarged 
by potash mines i,the Alsatiait regii;:i of F'ance 71. 
Under the 

nsultedfri 'itg mining activities in 

terms Il;,ii annex to the Rlhuie Salt Cionven-
tion. the French l;iveriineit .vas tof a salt injec-iistail 
tliisystem in th sul soil of Alsace 'I.lieither thee 
tipirians were ti; aind did)i pay France for this storage 
and disposal in ,!ispril)or a mate amantints. '!he N'the r-
lands, the i ost victimized if the ri parianit states, pair) the 
largest st.ar-, th;is (drectlyoiltr:idicting till'widelv sui-
scribed "p(llter pay,'s"pr:ichipe of the )rganisatioin for 
t:conomlnic (()yeratim and ).:\t.'lilmtel (()':(I1)). [lhe 
Net ic-lands paid 34 percent of the estinated ci'st iif the 

2i systen, GertltaINy lath 

Percelilt, and Switzerland paid 6i p rcent .t
 
Because Alsatian fariners resisted the salt injection 

poess, lheir leegates to the Irench National Assembly 
resisted ratification of the agreement for almiost nine 
vears. The Rhine Silt ('onvt-ntion was not ratified until 
Sepleml r 19,15 t7:'), and inplemtentation action has not 
.v-t hlii taken, At a ineetiniv of the International Rhine 
C(omnission in Juia l.is98, the French Governiw.int 
aiinninced taat ithad at, indoned plans to injec't salt
effl::":nt:; into ilsian subsoil ...It pledged t come 

salt ,i ):it and Frane paid 30 

op vil an alternative solution early in 1987 1'5 . France 
nmov appears to11,. implement an alternative
readv to 
Silitiio that will inv(ilve stiring salts above grotitnd. The 
co islik,,v tole signiiicauttly higher than ,'bsoil injec
tiim, aid France %',ill pay the added cost If;). Altlhoagh 
aiitio Illy nowlhe forthconing, French inartina to this 
puint has preenteo sigoificant progress on redacing salt 
1,
Pl1tion. 

.eaalhile, a Dotch district coort L.eid in 1983 that the 
French discharger iof the salts, ALines Dorniiiles des 
th1i,;s s dAlsoce (NI) A), was obliged beth by intetna
tiinil law e1:d the Rhine Sait Convention to compensate 
IPitch farners for damage fron the salt discharge (7;). 
TIhe poilnter was eventually fotmud liable under both
 
ihternational and Dutch tort law. A Dutch appeals court 
upheld the lower court's finding in September 1986 i'c;m. 
Ilan earlier related case (1983), a French administrative 
tribnnal in Smraurg, responding to a petition frorn 10 

I)tcl plaintiffs, declared illegal the discharge permit 
issued by the iocal prefect to MDPA. The ,court declared 
that French authorities were obliged to prohibit activities 
with hrmnful co:,sequences outside the limits of national 
jurisdictimn (791o,)(81). Although the appeal,; courts in 
hi)ithcases did not rest their decisions on irternational 
law, the lowei court decisions may be seen as small steps 
fhirward in the development of international environmen
til law. They also show how equal access to allthe 
courts in a region (in this case, Western Eu rop) call help 
in the interiatiinal resolution ,aftransboundary environ
mental disputes. (See Box 12.1.) 

Box 12.1 Equal Access, to the Courts 

Several western Europe.n countries affird 
citizens of neighboring states access totheir 
courts and administrative proceedings on 
the same footing as citizens of the forum 
state (i. Uider the Nordic Convention of 
1974 on the Prtection of the Environment 
(21,Nor-way, Swedet, Denmark, and Finland 
handle national Ioltution discharges causing 
damage betond national borders in the 
satt way that they handle dischargcs caus;-
ing local d,.mage :i. In environmentid suits 
for compensation or injunctive retic;, th-
Nordic Convention guarantees citizer - of the 
four countries equal access t-,their cotin-
tries' courts -it. 

This principle is not yel well est;alished in 
North America. U.S. citizens generally do not 
have the right in Canadian courts to seek 

legal remedies in cases involving transboun-
dary p)ilution. Although U.'.courts are some-
what more flexible, no international agree-
ment exists between Canada and the Jnited 
Statcs guaranteeing equal access is). However, 
recent efforts by the Uniform Iiw Conference 
of Canada and the U.S National Conference 
of Commissioners on Uniform State l.aws have 
resulted in adoption of tne Transbaundary Pol-
lution Reciprocal Access Act by Lt least five 
U.S. statesand two Canadian provinces. The 
act guarantees equal access to the courts 
where the pollution originated (f,). 
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the Environment:' February 19, 1974,
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On Nc,nber 1,1986, a massive spill of dyes, insec!i- of marine pollution. At the Stockholm Cunference, agree
cides, and mercury iii the Rhire resulted front a fir( (and ierit was reached orn basic lprinciples for developing a 
attempts to extirguish it) at a Sando' (hemic company conflrelrensive apprtoach to ernviroi neital issues. The 
warehouse in Basel, Switzerland. The spill isreport.d to principles eml)raced hoth assessment and managemert 
have destroyed most of the fish aid many ether life actions, emplasiziiig irpllims of enclosed arid seirriei
forms inthe river (s2. Although both Sandoz and the IIe Mediterranean.Closed seas, such a;s 

Swiss over!ne nt have made pledges of comrpeisation The::e principles weri (iifirired at the first ineeting of
 
the sAill continues to cause a major public our',CVrird is IJN 11 vs Governing Council ill 1973 (mX. work oi
(s.), ai( 
leading to increased rnulinational efforts to deal witi pollutiol in1971 Positiveof the Medilerrane,m began (m,;). 

atcidental pollutionr. li a ireeting of the Environmental action by the governmuents conrcerned was also
 
Committee of the ().CI) on I)eceiber 10, three top pri- encouraged I)ya Imnber of ii reetirigs under NG(() spon
orities were identified for research, relworting, and poli( sorship. In 1973, for example, the United 'Tburist 9rgani
reconumendatitos: hazardouIs zation., rii municipalities in 16 Mediterrawaste, hazardiMV, chemicals, presenlting 132 
and accidental pollution. According to I )r. leuri Smets of nrean ceountries, held a conference in Beirut that issued a 
the ()ECD Envirorment l)irectamte., this is a sttiking "charter" calling for an international antipollution code 
change inpriorities. Within two noiiths of tlie spill, five for Med.iterranean cities (87). Iladdition, tire International 
international oril-mizations had beg,unL to fo(Ius m1ajor Commission for Scientific ofxploratiorrof the Mediterra
attention oinaccidenital pollutioi-()ICI), the United nean Sea initiated scientific situdies oh pollution, further 
Nations Il 'irumrrent Prograinre (UNEIT, tile U.N. tEco- stirnulatinIg wriceris inthe region t,"s 
hromic Comnission for Europe (LEC), tile (_urricil oif Btilding 01n ativities begtn by other U.N. agenc.,s 
Europe, and the Fk.(:i.As a result. One l)ur,-terrn effett (notably tire Forod and Agricultur,- Organization), UNIP 
of the spill irray be to create tire political will toi act conwned a series of meetings of scientific and legal 
aggressively against p)Ollutioll of the Rhiure and other experts fron the re.ion who drafted a comiprehensive 
rivers inEurope. Action Plan for gtovernment approwal. The plan suggested 
The preceding four cases iivlved f,,rmal initerrratiorial coordirated research ard monitoirirr activities to improve 

agreements. F-or a very differtnt typei) anCia.eriemeit, see assessrrernts. It also suggested that governments enter 
Box 12 2. into formal treaty obligations oil a coiitinuiig basis and 

that they consider the assessnient resRltR intheir doies
tic econonic planning.REGIONAL AGREEMENTS 

Broad agreement was reached at an intergovernmental 
The Mediterranean Sea conference convened by UNEP and FAO in Barcelona in 

1975, when !6Mediterranean countries and the EC 
The Mediterranean Sea is one of the rost vital and approved the Action Plao for the Protection of the Medi
heavily trafficked waterways of the world. It is bordered terranean (MAP) (sg. This plan began a process that led, 
by 18 nations with widely varying economic, political, only one year later, to signing the Barcelona Convention 
and social systems, all of which contribute to and are and to the first of a number of associated protocols relat
affected by tire )ollution of this enclosed sea. (See Figure jig to several categories of pollution sources, such as 
12.5.) inspite fgrowing sigis of -oastal piol'uion during dumpi;:g. oil spilL, and-ltiiiately-lanrd-based activities 
the 1960s, no agreemet was r,,ached oi tire seveiity, or wo). A further result is a series rofcoordinated research 
even a diagnosis, of tihe prublet. Inthe absencc of a and monitorii g prograris that iirolve mi:re than 80 
geood undestandirg of the relatio-iships among sources. national rnstititions. 
pathways, and risks of key Iolltil-irts, there was little Initially, MAP len to irndiate action at the interna
incentive for local acrior, by rionalindividiual COLrtties-iild level-specifically, the signing and entry into force 
even less incentive given no assurance of parallMl action of protocols and initiation of scientific work. The most 
by other countries on the Mediterranean. significant pr:.igress urrdr the Action Plan was assess-

The process by which 17 of these 18 nations reached ment. A group of monitoring and research prograis has 
agreement on an overdi Actio n flair leading to the already produced significant new insights into relevant 
Barcelona Convention for the Protection of he Mediterra- conditions and trends. But as the effort focused on steps 
nean Sea against Pollution iii 1976-tllustrates tie impor necessary to curb critical land-based activities, negotia
tance of :ldependenttliz paities it facilitating grt(urps of tions t)ecame more difficult. Although 85 percent of Med
riations' diagnosis and corrective action oil colmirOl gl),iterranean piollution is land based several years of 
envirurnental problems. hi this case, UNH[P and study were needed to support negotiations on a protocol 
associated U.N. al,eircies played strategic rules. The proc- relative to these sources; it xai not adopted until 1980 
ess also highiights the pri mlems corifrorted .iy any effort T.:.and entered into force in 1983 The economic inipli
to integrate erviroarmental citierns into day-to-day deci- cations of cleaning up these sources, as well as scientific 
sioniaking. uncertainties, have prevented action at the national level 

I)uring preparatiorns for tire 1972 Stockholm Envirorn- from keeping pace vith the international agicetents in 
merit Conterence, marine li'littior was identlified as a princitple. 
priority item. Although tle importance of reducing mar- Under the Action Plan, for -xample, there wits agree
tine sc;urces of oceat tollutiuri had led to action inthe ruent on the treed for common eunvironeital criteria for 
1960s, it was rot until the early 1970s that land-based establishing minimurn standards to safeguard the public 
activities werc rccognized as the mosi significant source from mercury in seafood and rmicrobial contamination of 
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Box 12.2 The Jordan River Basin (i) 

Not all shared resources require formal 
agreements. The Jordan River Basin is a Figure 1 The Jordan River
 
rare case in which an implicit and informal )
 
arrangement seems to work. Jordan awd' .: '. 
 /
Israel share the Jordan River, which forms . "'
 
the boundary between the two Countries for -
much of its length. (See Figure 1.)A major

northern tributary ofthe Jordan is the Yar-
 SYIA 
muk River. whose riparian areas are Syria, Lake Tberias j t2! 
Jordan, and the territory occupied by Israel, (Sea of Galilee)

including the Golan Heights. Syria has long
 
had a tense relationship with Jordan, and
 
both Jordan and Syria are nominally at war
 
with Israel. Nonetheless, a tacit arrangement 
 armuk Triangle " , muk 
has evolved: Israel derives most of its water /:-;i, ( River
 
and irrigation needs from the Jordan River,
 
whose headwaters lie mainly within Israel's
 
houndaries. Lake Tiberia.s stores these Jor
dan River waters; a major pumping station '\

and a conduit system running down tile " East Ghor Main Canal

entire west side of Israel to the Egyptian 
 "
 
xrder is located at the north end ofLake
 
Tiberias
 

Jordanian agriculture is supported almost
 
exclusively by the Yrrmuk, which flows into 
 lsraei 
the Jordan River below Lake Tiberias. Some Occupeo Jordan River 
ten miles before the two rivers merge, a weir Territor,

diverts much ofthe Yarmuk's flow into the 
 JORDAN 
East Ghor Main Canal, which, with additional
 
water from the lower Jordan tributaries and 
 .
 
groundwater wells, supplies virtually all Jor
dan's irrigation needs. A portion of the Yar
muk waters is also taken by canal to Lake
 
Tiberias foruse in Israel. There are no ade
quate storage facilities on the Yarmuk, and,
 
during the rainy season, most of the rniuk's
 
flood waters flow into the Jordan River. A
 
portion of these Yarmuk flood waters is stored
 
by Israel in its Naharavim reservoir beside the

Jordan River. From there it is pumped and ing the United Nations Truce Commission, the arrangement work? Every Israeli official

piped back to Lake Tiberias. International Red Cross, and U.S diplomats in understands the importance of a modus


Under the Johnston Plan for sharing Jordan the area. Israel refused to allow destruction of vivendi with Jordan. The Israelis understandbasin waters drawn up by US.special envoy the sandbar, apparently using it as a bargain- how vital the Yarmuk waters are for Jordan,
Eric Johnston in the early 1950s and ir.chip in a bid to construct a permanent and they undoubtedly recognize that any
implicitly accepted since then by both Jordan water diversion at the Naharayim reservoir, unilateral Israeli actiot decreasing the Yar
and Israel, Jordan is entitled to all that it can Jordan opposed the diversion fearing Israel muk's flow into the East Ghor Main Canal
take of ttte Yarniuk's flow, except for 25 nail- would use more than itsshare of water to would be both provocative and destabilizing.
lion cubic meters that is allocated annually to irrigate the West Bank. Just following the Any such action could also give Jordan and
irrigate the "Yarmuk Triangle"-a section of 1981 change of government in Israel from the Syria common cause against Israel.Israeli territory lying south of Lake Tiberias hardline Likud to the more conciliatory Labor- Accordngly-and so long a, its economic self
and flanked by tile Jordan and Yarmuk led coalition, Israel agreed to dig out the sufficiency is maintainable-israel is likely toRivers. Neither country is allowed to do any- sandbar cooperatively with Jordan. handle water shortages in ways that do not 
thing that would change the ttatural flow of Of the three countries, Jordan is the disrupt its tacit arrangement with Jordan.
the river without the agreement of the other. weakest economically and militarily. Nonethe-

For several years during the early 1980s. less, there has been no major recent dispute References and Notes
 
Israel and Jordan negotiated over a large between Israel and Jordan over the uses or

sandbar in Israeli waters of the Yarmuk just 
at apportionment of the Jordan-Yarmuk River I This discussion is based on personal com
tilepoiint where the weir diverts the waters Basin. Both sides cultivate right up to the munications in 1986 with U.S State Depart
into the Eaist Ghor Main Canal. The sandbar river bank, and technical cooperation between ment and Agency for International
had appreciably diminished the flow of Jor- the two countries is achieved through infor- Development personnel, especially Samueldan's vital irrigation waters into the canal. mal discussi,)ns held under U.N. or U.S. W. Lewis, former U.S. Ambassador to Israel,
Years of negotiations between Jordan and auspices. and Richard Viets, former U.S. Ambassador 
Israel were facilitated by several parties includ- Why (toes the de facto water-sharing to Jordan. 

bathing and shellfish-growing waters. The first proposed An assessment of microbial pollution in recreational 
criteria took the form of recommended "Provisional waters, shellfish-growing waters, and seafood was the
Iblerable Weekly Intake of Mercury in Seafood,' but in basis for areawide actions. But in 1985, governments
September 1985, the Contracting Parties chose to "take were no, prepared to agree on these steps, and, although
note" rather than adopt them for national enforcement. interim criteria for bathing waters were accepted for gui
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dance, common action was postponed until the next move the participating countries in the direction of clean
meeting of Contracting Parties in late 1987. ing up the Mediterranean, but significant progress in 

Progress has also been slow On the roost ambitious ele- reducing pollution levels has not been achieved. 3uilding 
ment of the Action Plan-the "integrated planning" consensus for action is a slow process, particularly when 
component--whereby pollution concerns are to be con- there is uncertainty about the scientific facts, there are 
verted into region-wide planning so as to ensure con- substantial economic costs of action, and there is a large 
tinued socioeconomic growth throughout the region on a number of diverse nations, all of whom must participate 
sustainable basis. if real progress is to be made. 

A main activity of this component, a three-phase UNEP has initiated similar agreements for 10 regional 
approach, known as the "Blue Plan2' was initiated in seas (95). More than 120 countries, 1H U.N. agencies, and 
1975. Because of budgetary and methodological prob- 12 other international organizations take part in the pro
lemIs, the first phase-taking stock of development in rela- gram n. Like the Mediterranean, other Regional Seas 
tiun to the environment in the Mediterranean Basin Programs begin by producing regional sea Action Plans 
countries-was not completed until inid-1983 and was not that provide for pollution monitoring, the exchange of 
forwarded to the governments until 1984 oi). The result- information, and scientific investigation of pollution prob
ing report; made it clear that expected population lems. The plans also anticipate agreement on formai con
increases as well as indUstrial, agricultural, and other ventions and implementation of protocols for reducing 
growth will pose severe risks to the natural resources and specific pollutants and on suggestions for control. Like 
productivity of the basin unless more thoughtful strategies the Mediterranean, these programs depend on voluntary 
are adopted. actions by participating countries (97). 

The second phase of the Blue Plan will formulate pos- With MAP, the Regio-al Seas Program developed the 
sible deeloinent scenarios in order to highlight policy framework for action that UNEP officials have tiansferred 
choices for governments of the region consider. The As in the Mediterranean, theto to other regions ( j8). 
third phase will inclode the presentation and discussion urgency of pollution problems and UNEP's pollution con
of results and recommendations among the Contracting trol negotiations have succeeded in bringing hostile par-
Parties. These pha;e.i are not expected to be completed ticipants into the regional programs. For example, Iran 
until the end of 1987 o-l. However, measurable progress and Iraq participate in the Kuwait Program. 
on reducing l)ollution flows into the Mediterranean has It is clearly in the interest of all coastal countries to 
not been achieved. In fact, althougl effluent and environ- abate marine pollution. Joint research, monitoring, and 
mental quality standards have been developed as part of exchanges of information can lead only to heightened 
the ongoing research, they have vet to be adopted and consciousnless of marine pollution problems and to the 
enforced by participating states. adoption of national measures designed to ameliorate 

In summary, the process set Up by the Mediterranean those problems gradually. The Regional Seas Programs 
Action Plan and the Barcelona Convention continues to share a major positive feature. They all establish a legal 

Figure 12.5 '[he Mledite-r-anean, A Regional Sea 
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framework aid provide a vehicle for data coilection and 
dissemination that call be used whell nations reach a 
consensus oi1 'atiitnal a(tiol tointri (ottill umariine poilt-
tion. 

Transboundary Air Pollution in Europe and 
North America 

InNovember I.979, the first broad internat imal agree-
utent covering air I ollutioii, the Conventioi ol ljig
Ringe 'raiisboundarv Air IPollutio 1)) to1t, was signed in 
Geneva by 34 uder ! fatiewrk of EC-,countries a 
The onveition was tl first ii,, kiteral aigreeeenrt oii 
air pollution and the first Cttviroiii.icittal accord involvinig
all the iatious of lastern ai(l West-ri uriipe iiid North 
Amer ica. The noire recent Thirty Percilt Protocol to the
(invention- illwhich signatori es pledged to reduce Sulfur 
emissions 30 perc itit--is a rare instance of multilateral 

acceptance ot a specific tumerical environmental goal. 


(oncernt iliver the effects t f trai sbimtidary air pollutin 
grew first in Sweden anid Niuwiay, 0here scienltists btegall 
to detect rising levels if acidity iii lakes and streams iii 
the late 1950s aitd the 1960)s tot. 'Iley postulated that 

this phenomenon 
wits linked to the hng ratige traiispoit
of air pollttants. Rciogi izing the tratsboundary diliteni-
sin of the prtiblum Sweden atid Norway chose to pilr-
sue a 'urolpeait-wide SOlttiil. Sweden brought the acidifi-
cation problem to itertatii nal attention at the 1972 
Stockholin Conferoice. "l'hiughout the 19701s, additional 

research conducted by the Wo"ld Meteirological ()rgani-

zation, (OEl'D.an( Others continued to itictease aware-

tess i f the problems iof acid depo sitiin and its trans-


bounttdary origins oie 

A iew ol)ortunity tiir an ititertati(inal agie'iiieti oil 


transbonL idary air pollutionigew, otut iof a statement by 

President leionid Brezhi ev 
of the Soviet 1liiiol at the 

1975 East-West ni-ctimg of tlieU itferei 
 ce ott Secut ity

and (Coopetatiioi ill Fur ipe. ttehlii'v challetged 
 his fet-

low coitferees to reach tnultilateral i,(flutions to thre 

pressing protblems affecting all if liirope: eiiergy, trants-

portition, and the et ,viroiitit. Swedish and Nor,,egian 

etiviro ittilei al(lficiils saw iii lirezhnv's HIelsinki speech 

att opportutity ft- iiteruiatioiiil discUssiomi, ttegotiatiott,

atid perhaps resolutin of tlt, acidification problem. 

The tttost suitable, if not ideal, forium for ai agreeinent 

on transboutidary air Ifl altllwas the -( 'I.'['hirty-tw 

nations if and Westen
l'Uaster Fturope Ie ofitembe rs 

ast,'Ct, are the United States atd C(anada. The S1ca(dilla-

vians realized that tio Multilateral actord with 31 si.iato-

ries would be likely ti have aiy teeth. But Swedish 

scietists had determined that up to oe third of tile sul-
fur compoulds inSveden's atmiosphere originates it 
tLastein Europe, primarily in -ast Germany. latuad, and 
Czechislovakia. Thus at y hope for substantial cntoI of1 
acid deptosition itt Scandinavia would delW'td oil Eastern 
European cooperitiot. 

West (eriiati originally oppiosed the -CI- Coivention 
and was brought t tilt- sigiling table ill (ieeva otiIV by 
a combinationu of dontestic piressures and apIupals front 
Sweden, Norway. the United States, and other members 
of the "uropean Coltuittuity rii:). 
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The ternis of tile Convention were hammered out as a 
compromise between the insistence of Norway and 
,Sweden n "standstill" and "rollback" clauses (lu-i) and the 
reluctance of Western IFurope's two largest polluters, West 
Geriiaiiy an(d the Uiited Kingdom, to bind themselves to 
wnv formal agreement. The West (Germans successfully
resisted the standstill and rollback positions, required the 
wolds "ectmoitiicallv feasible" to be added to the Norway-Sweden provision that air pollution reduction in the ECE 
region be achieved with the "the best available technol
ogy' (I5),and receded from their opposition to an 
"executive body" to administer the Convention under the 
at'gis of the t'CI' Secretariat. Several sigiatory nations 
remained tniconinced tihat the costs of preventing acid 
rain Ity coitiolliiig pollution at the source would be justi
tie(l by the benefits. 

Since 1979. Norway and Swedi i have tried to persuade 
the other signatories that the benefits i fcontrol do 
indeed outweigh the costs. (auada and West Germany 
have joined their Scandinavian colleagues as strenuous 
advtcates of acidification abatement. By tile time of the 
1982 niuhilateral conference inStockholi on Acidifica
lion of t l'tiirotnettt, West German officials had been 
convinced by their scientists atd foresters 'hat massive 
foirest death (taldsterhen)inGermany and elsewhere in 
Ceitral Etrope wias resulting from air pollutants, includ
ing the sulfur and nitrogen pollutants that are the prin
cipal compoitnents Of acid rait. (See Chapter I0,
 
"Atitiospliere and ('linate:' Multiple Pollutants and Forest
 
I)ecline.) Canadian officials were concerned over the
 
ici'easing acidification of eastern Canada's lakes. West
 
Gernany atnd Canada were important allies. In contrast
 
to Sweden aid Norway, a significant portion of the acid
 
rain falling otl Gernany and Canada originates in those
 
cottries. Germany and Canada are both polluters and
 
victims. They export and import acidifying air pollutants
 
to and from their neighbors. Having balanced tile costs
 
and benefits of abatement and chosen to favor abate
mett, their views carried comsiderable weight.
 

'Ihose countries committed to abating the acidification
problem have kept u) tile pressure for international
 
albatelment by cotening four well-publicized ministerial
 
cottferences-Stockholtn in 1982, Ottawa and Munich in
 
198., and Antsterdam in 1986--to which all parties to
 
the l-CE Cotvention were invited. These meetings, domi
nated 
 by tile already conrverted, built an international 
consensus foir concerted international action. The first 
ihree 'onifre led directly to the Thirty Percent Pro('Ces 


tocol. 
\ntincreasing tumber of the IKT. Convention's other 

signatories also gradually became cotvinced that the 
benefits of abatement outweigh the costs. By July 1985, 
when the Convention's Executive Body held its third 
isiting in Helsinki, 21 of tile Convention's signatories 
had tdertaken to sign the Thirty Percent Protocol, 
pledging to reduce their sulfur emissions at the source at 
least 30 percent over their 1980 levels as soon as possi
ble, at the iatest by 1993 (100). The 30 percent commit
it it Iprides some teeth to the Cotvention in the form 
of iumerical goals. It is a major step forward in interna
tional environmeital law atnd policy. Outside ECE, the 
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Weptance of explicit uerical targets is alii s.l unheard GLOBAL AGREEMENTS 
,t ill multilateral ci,vironniental agzrccineeits. The World's Oceans 

The three most lollutilig hol(lout latin s, which have 
refused to join tile Thirty Percent ('lub, ;,-e the United The 'Ihird tlited Nations Conference on the Law of the 

Kingdom, the United States. and Poland 1111o. Political Sea (UNCI .( IISl) ended in 1982 after nine years of 

leaders, ecmomic pla ine,. and scieltists il these three negioitiationus. It produ'ced a comprehensive Convention 

coutntries have not yet reiched a consensus that the that addressed almost every issue cmcerning jurisdiction 

benefits of a 3t) per,:ent sulfur reductioi justifv th1 costs. over ocean waters and use of oceani resources. As of 
)ecember 1986,1 iations hiad ratifiedl the 1982 Conven-Several coituries. including France, Caniada,. Norwav. 

tion on the Liw of the Sea, which needs 60 ratificationsSweden.i Denimiiark. iid West Ge minN. have gonie 
l'r i tcol to enter into force. The Convention reflects two differentbeyoi tile rC(lirCloents i)f the lThirty Percent 

aiid have l)le(l d sulifUr rdiCtiilis of -I0 to .50 herc-lit appro aches to international agreement. Ii c:astal zones 
(il) to 2(1 miles fa;i land), it allocates iights and obligahv the mid-l;9(Ws. 
tios betweeli the coastal con;tries and international

';gotiatioilis ovt.r iitr(gen oxide reductions are sliippiii countries. Bevyoid the coastal zones, it protects 
expected to he n'uch more difficult. lirle differences iu freedoiii of iavi ',,0 ai assigliS anagenent authority 
iildustrial structur,.s. velicidur traffic, aiid perceptio is for developmeit of seabed resources to internatioial insti
reqgarding nitroen oxide effects exist throullhout thw t' ttiso.nr t 
regio n. As vet, there are io uniform, broadly accel)ted 
iiteriilitionr air quility or emissions standards fur nlitro- The provisions Uf 1982 Conentionl have heenthe 
gen oxides. Ciomplicating the matter further, tihe Lastern widely accepted as ensti arv iiiteriational law, aid they

the basis for further develolment (if iinternatiounal,areLoropeali countries oppose nitrogen Oxide ciitrols, citii, 
s,.itifi,. t1mcertaintv about nitrog~en o~idte daniage oot . regional, aiid bilateral agreements, such as the CjNLI' 

Regiial Seas agrreemeuts aiid various treaties developed
In all areas iif the nost iiitrogeu oixide pollutioiu the International Maritime ()rganization govrningmrld, Iw 

coillies friiii niitor vehiches. Cattytic clvertt-rs tii retliit'e maritime safety and pollution control. However, once the 
vehicle emissions art ci stly to install and monitor. Last- difficult tisk of halanciii coastal state claims aid free
eu Luropeaii resistaliiic to iitrcntrixide clitriIs ia doi of navigationi was accomplished, negotiatiiins on 

te te weakndoubtedlv also liiiken itories c krrtiitlv deep seabed milling assumed center stage. lie primary 
eriol nies niid theiir b ll snii dl,estack uhis- resource With current mineralIdeideltce invlved is manganese (o). 
tries horiiiig hieavily lithtitiig Ihroii coal, which emit market conditions. commercial prospects for development 
iiitr ien ioxides iis well as sulfur dioxide. Of this resource is limited until well into the 21st Century. 

At the May 1986ti oil Manv nations, including tile United States and the Internaitioual Conference Acidifica-
tioui anid Its Piolkiv Implicationus, held inlAmsterdam, United Kin gdom, West Ger many, Canada, France, Japan, 
dlelegates ulrged tha nitrogen oxides he given research and Italy, are withholding signature or ratification of the 
priority along with sulfur dioxides (min. The 1-Executive 1982 Convention tuntil details of the international seabed 
I i.lv iif the F had already decided, at its uiiiiing regiie are clear. ' he conflict pits nationsLC(-Ciiventlion 
third niecting iii 1985, ti add nitriigen oxides to the advocating some lrilciles of tile New International Eco-
Europea M, IProgram. P nomic ()rder against the major industrialized nations. Thelonitoring ;aid Evaluatiii a IN 
l)rigrain coordinatet bv the ICE. former group iif nations seeks to give effect to the view 

lii sumilmary, tlie tangible accimplishlmeit iif the Thirty that seabed resiiurces ire the common heritage of man-
Percent Protciiol coifirms tile nitiiil that i limuted ohjec- kind and that all nations shluld benefit from their 
ive. coupled with cimierging econotfi and enviroinleie- dlevelipnieit. It would establish al International Seabed 

tal ci (cernsoif sevi-ral niatiins, can lead to successful Authority (ISAI to regulate mining; create an international 
coioperation. IHere. the issue sought the institution: Nor- mining opetation-the Enterprise-to carry it out ill 
wav anid Sweden-the tw ) states initiallv most interested cooperation with private companies; develop mechanisms 
in ahatiiig the acidification iiblem-brought the issue tii protect and compensate land-based producers of the 
lwfre the (-:N. Lconi uluic Commission for Luiripe, whose sainte minerals from adverse eciuomic effects; and, dur
ralwlbers iicluded all the states frim which acidifying ing an interim period, require the transfer of technology 
i)iltaltats Cmainate. lDuriing the negotiations leading to tio the F:.nterprise from private operators itll). The U.S. 
tle C1 Convention if 1979 it ILing Iange Transhotn- Government subscribes to the concept that deep seabed 
darv Air 'ollution, Norway and Sweden pripised a per- resources are comunon to all, but it objects to the system 
centage reductio iii sulfur emissiois that pr-ceded the estal)lished iil the coniveitiol ti give effect to the con-
Thirty Percent lrotocol, (iher LF'. me-tmber couutries cept. It contends that the ISA limits the powers of the 
were nolt rea(lv to agree to I)erct-itage reductiois ill major iidustrialized nations and that the resources should 
1979. But iii just seveli years, 1 additioial noirthern be available for exploitation with it miniiniuul of regula
industrial countries saw it in their own niational interests tim on a first-come, first-served basis 1112). 

tojiin Norway arid Sweden in tryin, hu r,-edlci- their own As a result of this conflict, two international regimes 
sulfur emi ssii i;s bv at least 30 perce it. 'Ihie existence of fi r dcIp seabed inining are deve iling. Ihe Preparatory 
the ECE framewirk and the 1979 Ciiventionm oviously (ommission for UNCII IS Ill is working oiut the details of 
facilitated the subsetluenlt aliption iif the Thirty Percent a inini.g regflle to implement the 1982 Convention. Four 
Protocol. countries-France, India, Japain, and the Soviet Union
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have a)plied for registration as "piolleer invest - illieter 
UNCOI.()S Ill to s'clure rights toiiine sites ill which thv 
have alreadv inatit' siIl)staiiiital iilvestiilelits. If t II, 
pimit'iers fultill certaiii olligatiiis mild illett applic'atin
re(Jlirentiis tidt'r the tcouVeiitinil, thv'lt'will lIt, g araii-
Ied iiiiinig rillts fr mi the BeforeISA. the pioeers may
be registered, they must rcsolve their ovtrlappillg tlainls. 
Tille Preparatory ('imlilissoiol is facilitatinlg these efforts Il:l. 

The 1'nited "tlats has refused to sig[; tit (' livenltio[l1or to attt'Ii(l t'Jlrel;tr)rv ('ollliissiom lljetills evcill ' is 
al l)s i'\l'kr t1ii. lilhsttl.i lder tilt' 198)) ep a; l 

alard Minecral lst'urct's At. the U.S. Stcrivtarv of State is 
atthi rized tii Iltitiate ltluiltilate~ral tret.'s wit ,( ther 
mllilig liatiols that rt c(gtliz, ntlile sites (ill t reciprocal
basis 1Ii. 19182, the Uited States c ,inctded ;ll
itterim atugr(' .U ;it with France. West Iierrnaiiv, atitl( the 

niiited Kiilgdolil ill which the pIrties ag rvtd to c instlt 
MI iverl;appiilg sites il(;). [hev do not believe that 
iiiterim recmpiitioji if sites atmloli thilselves is contrarv 
to I N('IA )S Ill provisions. hi 198-1, represeitalives from 
West (Germany, ,"eliul, France. It;l, .aplan. the Nether-
latis, itt. t iiitt'd Kiilg dmll aiid th'tiiit(ld States sigitie
a "lrovisiioal IUidl(rst~mdiiil, k gairdiig I)eep Seabedt 
Matters.. The ; irteilelt incorporates overlappillg claiiiis 

setttlenilits 'Umoi ci pallalnies frou these couitries aiid 

provides t vehicle for luttal rccogifitiim if the clails,

clearinig the way for ilatinal aluthorizati(ni of iliiiln 

iiperatii tis it-,). 


Also ill 1984. thel'niited States issued licenses to 

explore fur seatllt iiiiiii'rals to four cllsorti If private

clmpalics 1lli. Tl' lireparatorY Collissinn : the ISA 


Ili's iadoptcd 6d rl~mtiois ill rcspolse to these, uiii-treatvarid tuilateril ctivities, stating that anv clail or action" 

regardiig tile ilt'riiatiimil s'abt'd ;iit its res(iirces 

uidertakeli mtside tit' Cimmissimli aiid iiic ipitil)le

wilh INCI.t ll woul It'he1reardled as whiolly illegal.

Ihe l[ ited Kilgdiil)m allil West '.,erimlaiY r(cently issued 

itlterim liceilses to explioirt' the deep s'aiell . Ili April

198i, 
 the Preparttory C(imnmissi ii issued a dt'claratlimi 

deplorinig tlies, 'illegal" activities mlln. 


hi sunLn Irv, thcr' is an iiitcrziatiiially iiegotiatt.tl

regime fur iiiiiilg thil: (tel) sealtd, btit illirtatlt Ciilil-

tries, iniludiig the l1iited States, tdn 
 mlit rciinizt' it, ailld 

Ciintroversy iiver the nliliiig regime 
hasIt.elayed eiitrv 

into force iif tile 1982 ( liveitill 'here is sollie Cilcerul 

that if tilt' 1982 Coiivtiitii does not einter intu force f r 

some111 timi', tit' dt'lit,iti balances stritck llt'tw'ell coastal 
id maritielt' iati<ns ilav er dt,. 
.\lost plitetltiiil mitiiig Cuitries are ht'dgiiig thtirIhcits, 

particilativg iin the i'reparatory (.'imi'iissioii as well is 
protectitig their claims throluglh separate iliultilateraI 
agreeieilts. 'The' gre;test risk of this ri]ial treaty' sittiatiill 
is that tilie cliiate, for t-aled r'siurc'es develil)oii't will 
be iistabtl'le wheii it lIci'llit's u'l'iliuinlic:dly attractiv. 
Thus the vt'rdit ,iii til iiteriiatioijal scatiod luillilig 
regime is iiot yet ill. it is ti) t thI' Preparatoryv ('"omis-
sioll t deiollstrate that it ('ail ;l('Ilma.l'v ad(ldress thei 
t'imlitri)versial isset's thatt olilail. 

Antarctica 

The Atitarctic Treaty oum, ili force since 1961, ias suc(-
cessfully rese'ved the Aat artic for peaceful scientific 

research mid bained all militarY activities in tIl( r,gion.
Sevii of the Treaty's 12 I rigiiial signatories-Argentina 
Australia. Chile. t'ratoce, New /v'almdl, Norw,.,ay, and the 
11ilited Kiitglidinl-ha:v' territoirial , lidins to Antarctica m01(1
thuse lif the I iiite'd Kinigdlim, Aritltina, aid Chile over
lap. Neither tilt' other origiial siigatmies-BelgiiUli, 
Japaii, South Africa, th( S'.'ict jijii, aid thth Jiited
 
Statcs-tinr ;ill\- itlier latinmil ill thea' 
 worll rect'ogiizes
 
thlt's' lituilis.
 

The 'Treatv is a 'oim'ertetd iiltt'rltiollatl effort toi avoid
 
tilitary activities ill the regioi...\t tilt' time of its aidop
ti(ll in 159, 
 little was kiiowi about Atntarctic resirces.
 
(imipettin 
 so .'ereig n claims gavt, rise to tihe possibility (of
conlflicts, comll)licatilg ald inlilibitilig attelpts to expt'jre
the tojitiieit. Natirilnd interests in claims were tempered
by ignorance ai ntt the locatiii and extent of potential
 
resource.s. By preserviog the positions of both claimant
 
allnd nnclalian t nations, Article 
 IV of tite 'reaty allows 
natmiis to explore aiid carry out scientific research ini 
Antarctica pJeacefllly and cooperatively. Controversy over 
claims is frozen nitltil after 1991, when the Treaty may be 
rt'viewcd 1121). 

(ojistiltative' mletttiilgs to discuss aid e(.l'hange informa
tiii about Aitarctica further the principles and o)bjectives

of tile Treaty. Ftill participatiott ill thwint'eetiiigs is limited
 
to ('iiiisultitive Parties-the 
 original siiiitories aid other
nationis that have siibseieitly deniotstrated their
 
iiiterest iii the Aitar'tit by coiiiductiing substantial sc iei
tifice research there. 
So far, Brazil, China, West (iernuny,
 
hidia, Poland, 
 and Urtigtuay have achieved constltative
 
status. The systein ein)ll)hasizt,'s CiSeilSiS; therefire most
 

hi lhly cmitroversial issues are deferred (122).

Although little is knownl about the availability of
 

liieral resources iin tile Antarctic, parties to the Antarc
tic 'l'reatv ire ,m it'gotiating anmimig tlhemselves to
 
ill orate at regime fur admiinisteritig possible exl)Iliitation
 
,of Atltarctica's nieral wealth. This actioti raises the Samle
 
tlistimis that arose over explhitatii of deep seaibed
 

iniiierals, id it has led to intense debate in 
 the United
 
Nationis. Natiiins that have 
not joined the Antarctic
 
"'reatv. most iif which 
 tln not have the technical
 
ri'siiirces ti ciduct sulbstailtial Antarctic resea'ch, now
 
arguet that Ailtarcti' niiiierals are part of the "collillon
 
heritage" as pres'iited in [.PNCI,()S Ill aid that all nations
 
shiuld have a share ill their iiamagemelit and exploita
tiiil. The mstltative Parties assert that any nation 
 that
 
accedes tol the treaty may take part in ilegotiatilt., the
 
ititeraatiolmil ltgal rugine for 
 lilleral extiloitatiomt but
 
iiiaav,' cintries are wary ilf restrictiltis nil their rights
 
should tiley lilt qualify for full partitipatii i ill meetings

iil the basis iuf activities c-ilducted 
 ill Aitarctica 1t":t,


In I)einber 1985, the U.N. First Connittee (Political
 
amt 
 Securitv) aido)ted draft r('soutiliis expanding a 1981 
U.N. stuly on Antarctica, iivitinig the Coinsuiltative PIarties 
ti iiform til' .N. Stretary-(Geiiral of their tegotiatioms 
to set Ill) a illinierals regie iilti to exclude South Africa 
from partit'il)atiig ill C'miistiltative Parties' nettingis. Six
tet'll fl te 18 C'llsultative Parties refused to vote il the 
res(ilutimis. They .ti,nerally colitei(Icd that issies ('-o)
ceriliig tile Aiiarctic are de(luatelytivc 'ered by tleexisting trt'atv. Australia argued that parties to treaties 
condticted tsict ;.N. auspitres ire lit tisilly held 
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t Il ited S IlI N )t illII tit) tlitI It allitet ivert iln etlvirlw alltll

18(i a li rilIf lmt e t k Idliot in' lits (;l ral Asstli- t l pi tr 1l h i illol lte, tt l r tip irent.
 
afc'u t; lit' to tIil Nathi isiei. t'" I is tihefitI ;lt't( i l 



bly, ThIIis ( , Itr, wvc IS\ thIII,;a cItis tohi dad )Iitic~l ilutII ei I- Ilhowt.v,,i.I ('oI Ih'rt,II( (I I I's I ih t I ;I~,re'<)( h S II a 

Stll to the rint ctic 'litv, \(hili. zintil llw, has jrtellI)r sd ticn p>olt il. i rii tiuo ('I c 'F('s issue)(TV 
mpkltltl i d liq 'ccurrd 1 [hlel tt i)s. )lhIlI e a n't.'-olliltid iig tle,kili 1 ind ausicmt- aml thrie i ii ii it l otl ,
 

flits o elit pr' iltiltwnt. Id sikces st ih iv, t litd Stat('S, Canada. Fiilltid, Notvie an.d
 
foCus leit e ts a i atl Sw edell, v lithe tt'
sieutifiC id hI it tillhi,1), iitillg had ahlit'l hailtad til rtstrictt lis if 

mre diffintilt isfuts. tther sieritsli 'l rittie itpCFCs as prpe ts ' I aldvlcated 
international regullatiolns I>aUallelinm, theti ,owil nationral 

ri.sultions (I ), Tlhe' I"Alrunii tot'Muu llity Ill iii (SC
 
Stratospherli4 i I 'is (]I ioll)) ad\'Catd deCreased usC of 
 FCs, but it was 

Hitatiloss lie c it( th k, il ,achievedby cappillif producti~ii of certaini types ofwmidm, ca ,. (lea t simt be 

andhlealettit tk',ut'! u t iit.ithiss k fl a 'tthir tT('iS IV i 30 i liicIt rtliltl hk ttii Lsess r,, finrt Ald i kiigsscrrial

'SCoiVeilt, f Il al di l.itiil, hf[it'strat'sph rv (the I ( ' iiiiit l.,-t.iii is approat'h imralleledtiles lie taket
 

llnetti owt 'xtriisire ithout[Nil 0 t T i i it ld l liiir im pact
f it'irc tlit Ill I ctui tlies; li have ai)IIwt r- ;- tl , l, clril's SUrfill,). (J/( )It' Ip)iys ; I rit i- H(I l Io ( LI,'t it)( it C I 'S iI.2 1. A\tthI I t i e f the 

il tolill t I i ils,eI11(m (lI 1f li tllii t tI ilt I'sthlie tinel( i' i'ilitlt ll, thtiV ih it'li~it ( i u lll(fi ti its (Grousp

tr eell oll*' i ll. )i i ' - qii k lilt lIt i ' t t],s " ', ult"- i". <it ',tr ' l(' ) tj ;r 'i h 'ih I t l ls " ( i I r ' t l ( r
 

the ite iax', sI t'hif-idthtihis Il lii' uty ti thal iil restlict ('wi thirdlliu ' schenlii their industri's. The 

let ra".; ;md p ,. t, hatnhul d, f ultrii ioh i lht po<sitionl, tatkenu I' .hlpan and the S"ovM et I jiii , adv
reait tht- e.if~O lrh rs'e tfc a~fr.nin ig - h, ll , I rJloolibo)1,11(,),, and v'ii fl .ihn e~i>ilta iq 1cated 

t-d r i~l llti e o V l('Jpid(_nli,,h, iCa Sttl('I,i S , i ptll, ict th'it illcr.(a,-;,d wT'tili urtlI CY~S)l TiO litit[I 

l i:4 lh t,' ploN11.-1il )<lt l' l'i ce~ tultraviolet radi~iti< ii '%ill Ii( iw~;, h lmjtii ,kill ( aimccrs, 

.<tl u (il focused (l iredicti, seve~re OZO nt, 
lll~r il~l~l, n )'h'l 5. hot(ve\tr se&

on~aliu ll' 11i, r< ,,upp olli l tld~il~i.w f, h v~tni,"d~., tih( ore ical is tit (Ieple
<)lg~llilli~ th i f, ,] s sh - {1'- . l(,. 1!t9 British sc'ietit s repo)rtedl ; 


Clhlap t .r Il 0 "Al 1u[ ,l h -t.t ii l ( ' li 'e,) S ll lal "h , . 'le" il t he ( / , , i t-la ve r oive r th e A.n ta r c'tic . ( )l se r -

In l1,171, t,.', I Ili\,.1t \ it; (Iiilifr in i li Iw liist's Ih 't)Ii/,cd vIlliols hv\ I..S:. silhlAlih's collfirumcd the Brhitish repo)rt. The 

tha~t ,. i.li Ilin llif'l Illwd lili,lluol, ailh lis " H.'s.) aw, hol,. ;i WIpt~c ie t thin i i.<f th( oizone. laver il all area 
rele'ased itll Ilwl<.,tilill,I w. 11,1 wd; t,d ,ilIJ )'XiluatC'I . ilh ' ilh,' Il ited S"tilt~l,us ppears' si/t0 of 
strat< sp l-ihi .' , ( 1-'("¢ 1w, w -,dill r.(frit rlt,,h ,il ] adit httwtelI Atll tlSt Mid~NoV I)\Cl(I(13-1l).RCtCC~lt reVVIllliliii
co)nll itimil-s'.. ill tt ,.,l((,[ 1 14 y r~ a s ,Ilnld its tioii of dlat, collected ill ."Svit/erlandl sinc'e the 1)30)s re
;wn, ,ol pr(y l l nts ]ht,,tatth'd dl .!)Jtk. ;,b, m t ill(, effet''s lot Veillh'd it hI t \'SSe t, shrtllkiiig (if tht(- (/i., ( t, layer over 
('+" .', o) ilt ' (Ill()Iw l tl c'!lls(t(d IlllollL s('iclltit',s.. tw i t <a- i vl p(pilIahtc] llo)rtlhtrll temlperaite Zonet, mnos'.tly ill 

e'll iroimwlll<' it (,I I II(I w inlter ..\lhoull tilt- have d( ill()hti,-t -,. ( )tI II I, I I I ,Ikt ll'S s i ()v'I II- ri] h holes ct' il,-; appa)rent 

flnt lit,ie() i l~ li ,[h il~u,~ii(~ l h' Ill litti' [ liht'd d]imlla t.c-. ilh,, head of( .. ri Cltiua's Niltiollil Meteorologuical 
,States, (Jillit]J|, tild( >%rd' I, Ow'' (h']'tt' <(I,, kl\, ir'sldttd that thl(- could stoonlttt '";crvicc( Ila., ,+.,irwl.'(] An\tarctic hlite be 

in h<.Im -[t,,lt~hlu~ii ,,,r ,., I litt?, ,.>,+.lart-t, eii~il~tl~ -x.. l l t litrml Argentina to>potentially,(('I i to os s 

T hC' Possihilitv (,I tpl ( I'itll of[ Ht -t <'i'' o/ih( m e~lt (Jill li.(l ()itls ,unoinllts of till ;ioilh t raidiation (I;il). The
 

laye'(r (.,ll het ,i les";+t'd , llk ('i it,l ti<,lma ly +Nl;iII-,v ilatl~d s ( ;ill,-, ()I tiltst' hle I t.; itlkii()V l. bt thecir ;t[p )tear;ilc(' 

coit)ltrilbutt' , thill( h~th;d ( I C li,,id; im\, timillath.ial w,(hit'- Mth i dtOS '., ith o I (l t ldt ill(IT'V tSt ill Co'()lT'O ltriati()lIS of 
ti)lls ]),v ()[li c~l(litt v (gul h(.' ,Oklft hv\ ;illoth,'t's-illt'wl t, ,Itm olie~l": C]'(S (11trillf lilt(, I!i-?()s. l; i 

(12"). F']w-il it (TV( t-I.ii-sioi , %w,,.t. st1)ptw t,)(h ,', thet (1.1111 W ith this; iwt \% iiihorumaii providiu ,Ili extra stinliiluis, 
age< to the ()/,,ull. la~tr f(t'l C.H'st',; ;1 ill tilt- ;i I M YLI,,,trkium, (1r<tiill rt'lpreseuititi\'cs froml the 22 
atimu )sl~t .r .(, lild rrt llaill lor , ;ijtorie~S l i lt '< t i ll) .h p ]i tSiia+, il, ,' u Iro ll 

I 1()',7. ilit. In'litt-d -,t; Iw ict, ill ! illhtwh.itd I M\T (,oli,.rll~t, , P18 5 \iWlllu t tConferec 'e-in Ro lliet 
tihi agi-t-rd upll all Jit'loJ, pI~ln ()I 1( +'l li ;id ;it ia] 'ls May, ]9,86 a il l I1 t'ShiliL0 Vllrgiili;i, ill SCJ, tCI1uhCIr 

sh %\tr t'l coiltrolfo)r pl t-it, i ili, o)/o iwi,, ' 11."t, lwt ( mileihq It'd it) 198'6t--h> discuiss C.'"( strateies'' (13s ). A Canladiani 
Ithte Ct itlbliStlllttit ill '','l , ( khll Lit( 111 f tt<'hill( oll [pto]posi. mladet at IA.,cs]tir , to rI'(ILI l balP (,it; A o'".hrise of[ 
ilnd le~ll txt)tCrts to lv t~hi lf;lint,\%ofk tot- it Llobll> fluorocarbonis (1h4)in thet turrtiut 1,2011 mnillioni kilograms to 
c;olivelitioilihllr the, p.rotch~jli (of ilh(. ozolic, ]l\y i. T[his 812 mni]]ioii kilm,iiiins) slenctedh( mucith interest. The p)ro
stcqutelwe foth \wod ilh(', I tmrl t-st;blislied h~ I.,\osI sill inlu1ded aill allocat;lioni foliniulh based ()nIt lh 
Reionai tciis Il,igraill () llWk 11thii ill -I l4l liine tiligs Ili lli's (1(uo;s .Nali~lilill Produict aild its p~opulatio(nit t1;t9). 
let i t)J itlopt])im i of ,i fomr iall (,,rtltiloii. 'I I , ), 'kilJ all(A t1,S R! took iml(rt, p )sitimnill t 198 ll tilt( ;i flexileh oil 

\iCIN11 Cil VCi l i ' l k',~i~ oi'.i;l it Lolitiliq C(_'' (ontro dnriiii l(h mleetinm , (1-10)..' oll t id l _,-:.i~urq 
ing prollos~s of ;,-,se~al d lt (ofl~liiiaii<ln to i lilt w, thillU Tlhe' Chemnic'al iliiUh -\'rhas i-ctt' ll v modified its resis-
The U)('J ~tioII (h t h lh at Ilihl wi Illiil~t pit'\v'iil hilll', ho tl; eslri~tiois Bot h lthe, .1 (1u Pliit de 
+'11%iloilmlliill a ci;ltlt'(d h i w iith ur p ,\l erit 't.tnirlii I itiliilli t1-1'i .1c.lict, Nclli Clli i]aliV, the' hlm l ( iliIM LIUdC

thet woZ(net layer; slpe~ified ti tl;lln tI, lis lilww tl. duty it) totter, and ilia, A\llhiniwc for Rc,<-pllnsileh (T1"C Policy. a Coa
m i r t:ff (iS. e'xt llillllo.' ilihorliilii,, . rld i l -I oi;li/c' (of .Soiiw, 5M11 tusers' ;ld cr(( oftolil lition pro ltls CF"(s, pulblicly 

ilatio~illit10ilsile.:, aild ( ti d clilt.w ihhlt II ll 1,1ilinslihil- sup l~l ed lite niied f(it so)im, liitis il-m . itl int stalted 
" ,tiOliS toi devevhJ I CSilt lid I)hltiiitO SJ)C'ti1i(_ Iolht'ol~s (_-11). thlat it ('tilt I)ro(I(it ' (Alilii lllii t l ly ac t a l et substitutes 

Ali imipo rlali anid uiluil fi,;at rt, "ll ilh( \ iiitl t'nllti- folr (11.'s [ii five yeatrs, aillhouiig] existing, miarket and 
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regulatory incentives dio not vet justify the cost of 
(evehloping Sulstitutes (112). 

A f riral diplomratic ineetiig oft oerinents tookv 
place uiide UNElP auspices ii I)eceinber 1986 in (ieneva.
The particilpating conitries displayed sre added flexilbil-
ity in their positions, and pr )gress alpl,'ars to hiave been 
made in narrowing the differecei's between the 'lirirttt 
and the EC (;roups..N agret ent was riached, hiwever, 
and another ireetiig is plained for early 1987. 

CONCLUSIONS 

ThW (ses discussed ah)v' r~restt atvariety of sha~red 

ret iarid trislti~l~idry jtioltr issrt-s. [lie efft-c-

ruet-iritrtst sr .tal

tiveiessitf te palutnts ill aievl) g formal 

siistaiitalv. Tt.i geryeal 
 c"rcl!tisintiis that cai be re cihd 

[Itir basis ofit!eSe exa lirples-al t i how nratins a l 
best ichisv successful bilateral and Iuriltilater, l agree-
ileits t i issues if pollutio ard strtd rtsources-ir, 
dhiveln Ihvsolutt hasic petrctcptious ahtt why individuatlt,,mtriiv.sttiui~te Lin a rtelttiis httttiiwir tni(lIvilri-
c itiritrit's luirticiliat- ill air, agreetit. lII i hirli articifart, ill liilntu ,tijal a.irtmen, erach cimntrv must 


114Hit. 

hlit- exist-r ,j f t itrlilti ti-r rial 


ltrti\1.:(,Xi~t(.yt( ,1 ; r951 
pftotr rlr rn 


M itSlch t ic al fl r
itii(, ,chitl ltliticrl Soltion to thepr lcijtln: 
 ii 

0 bher rrd 
 c ( i ftecoverv 

11 theasitiruitmowitiil arid r ht-nrefits f tire agree-

lIrit tt ;is trtw lt",'i]irg, tre' tusts; 

Ilohtse basic crr(ditioirs ft i t-rtrlu t mraV appear ttlvi-
in)s. hut they aftect ever, Cast- iut thev definelboth tile 
pttssibilities ftr agrcirIneirt arid the iwt-c'ssitr,' step[)5 
reqluired torrach i tt.rtlir te aheightens 

Shared Problems 
Individtial inatiosIrisrt- unlikely tt tplarticipate in an asree-

rent with other iratitois ctticerriig shared restuCO-es t r 
transloun(larv Pl)ltihf that dties ntt resilve a current 

or littteftial l)rttblem. :iternationial agreerients take d 

substantial amiounit 
 ftimlie aid effotrt to negotiate. l'lic 

uisuiall' irivolve cutniic or pltlitical comts such as those 

required to mtittor a polltiti 
 source or aliate ptllutitin 
or tto ftrtgoi urestricted use f a shared resource. 

Stit- I)rtbleuis are easy to ste ai(1 urderstand-suIclI 
as the shariigi a tfinite resource. The classic case here,
is the agre-rrent tIetweeri Canada and the United States 
tl thie LIS(-iiversiu, arid flw tif the Great Likes. '[lie 

siginin, of the loutmdar 
 Waters Treaty and the surrccussfrll 

role of tie LC iii dealing with issues tf water use arrd 

(liv,,rsion exemplify res tit i of a wel-defiied prole mi 

whe the parties agree it[r the nature and imphortance if 
a prtbhlem. Tire resoure.- is finite (although not iuscarce
strp)ly). arid each ratiori is capale rf taking iilateral 
actions that could affect availability and ust t tf ti water
biy the other party. liuth nations, which havt- at historic 
frierdship, also wanted to avoid disputes vt'(l uS( ')I li-
(;reat Likes. 

For a prollem tt t. solved, allparties dtt uiotiticussar-
ilvhave to perc:iv it m the sr,( wayv li the case ttf 
the Niht Rice, Egypt', potential lirollenl is that a diver-
sitn ttf water IbVSuIdar would redhuce the vital flttw ttf 

water tto Egypt. The reverse situation does not applv, Fr 
Sulidan, the potential i)rolem ispossible disruption of 
friendly relations with a powerful neighhor. Although the 
two issues are not identical, a shared set of problems can
Ire successfully resttlved bly air agreement ori water use. 

WIieilperception tf a pirolem is not shared, agree
lienrt is hard to reach. Sweden aind Norway strongly per
ceived the prolblen of acid rain before 1972 but other 
European countries (lid not share their level of concern. 
Althouimglh West Germany signed the Convention on lEong
I-mge lrairsbouidarv Air Pllution in 1979, its effective
ness was limited uitii the West Germian (overnment 
hccaiie cttrvinced that acid rain at least contributed to 
the death of its ftrests. 
lirentseTe(Tl for a shared probrlem or prtbhenis requiring 

jint ,action for its./theirthiat solutiti suggests iiechanisnisCall help bring attoit internatioial agreenrents.l t tsearch tot devel)p scientific uiderstadirg is one irech
aism. Particularly ol miatters of transboundary pollution, 
the scientific coimrnity is iftei a lung way from defin-te-cetfcCl ullt'i feli 0~ a rmdfiiig cause alldr effect relationships clearly. Continuing 

re a rchii efforts illtile Mediterraiean helped focus atten
r rcestion oi lantl-hiissd sot tif potllutior, whichi led to tireirtocol oilland-based soturces. l\thou the link

lietwe i t Ilntherrission of Cl-(s anrd delpletion of tile 
tozire laver is far frort being fully undersiood (()irevenfully agret.d iprr), the dear potential risk shown ,bydis

of ti. 'it trre hole over Antarctica has stimulated
efforts to reach a global agreement oi reducing the use
fCl, . 

of (.1"'S.
 

Anrotther mecianisir for compelling nations to recog
iiize it prtoilei is political and dipl)matic pressure.
Domestic political pressure, sici as thIrough NG()s,awareress tif ervirtonmental tpro)l1ems. Diplo

matic lressure is effective if the nation toward which the 
pressure is leing directed places a high value on amica
tile relatios with the prtssurirg countries. This strategyhas limits. West Germany agreed to tire ECE Convention 
inpart because if diploniatic pres ures, lbut real support
for action reluired a greater ctmtiitmeit. India modified 
its liehavitr regarding diversion of the (Garges River
 
under pressure frtim the United Nations, but in tire
 
absence itf a strng desire to 
have good relations with 
Bangladesh, India has restuned some diversion. 

It is important to note that there appears to be a grow
ing recoigiitioii that issues of shared resources and trans
t))titldarv )<ItutitiI are iiportant proiblems re(quiring con
(,er-ted internatioral actionu. Sirce the 1972 Stockholm 
Cotferene i the Htunan Ervironment, tue number of 
international agreements dealing with these issues has
 
been icreasing, and the 
r mber of ations ivolved has 
also been growig. 

Scientific and T'echnological Solutions 

l-ven when conities clearlyv agree that n lprobilemr exists, 
effective action require.s a comnti view of the technical
 
()i- nature of the lprolbiein and the mreans necesscientific 
sarv tio deal with it,'otlutioin the Me-diterranean Sea 
was a fact that all the \lediteraiiean coastal eounitries 
clearly recogrized 15 year; ago. Bet;ause the extent and 
sources of tie poIllution were much less well understood, 
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agreement on the steps necessary to cotlbat the ptllu- wev hvlwlcaitst, allile Ilarties a.ltreed todefer tilt 
tion was InchIharder toachieve. nli:,t ,titlitllt i)tliticail disairT1eeIlts. 
Ilisuc'h circtlllstaill( es, 1ilt' mln.hallisll III tile Illlltl)Vi4ll'. tS tHi(tse'(If lllillill (ld I)s4itblld, a .)Cr (i 

reaching aqireeliltnet is to iii wwinll andlll zit4m1 ' includinnti tiiijOr iiilu(,ttial c(mthitts, the Ufited States, tile 
)rojects relating to the pro)leIm and thtn tO (tissemiliatte t rite'd Kiiid in. inud \Vest (euilnuy. perceive the cost of 
tile results. This activity beallilota A atcess mineral)e iletiiiie t"'Wllt. ltOsiilg itl(hecinlellt, unlilatcr.;l to strategic
important cormponeit of most armigeits for dealing deosits as tigling all Ither btnefits of the 1982 

with shared resmrwcs and transb itndary p4 llhtit i di.,- COniveiitioll On tht iow of he S'a. 
cussed in this Istiptcr is a (cIlitinitmi restearih aild But perceptioll of betihfits a1ld (( tsctchange. They call 
illollitorilg itllctitIn. 'riot tt a formal grt'ellleltI, Suc(.ha (lalgte with iew ilhtrlkllatill al( teclmOlhOgies, evolving 
flin.ion llllavlest he eStalhlislied thrimigh ll existilng political views illl(ldtllestic Opinil40, and external events. 
ilStitultioll s ;INlt' tI('I initial 'I (hienical il t seemns toaIs or Afte tgreelnetlit, rcITttt spill hliii likely 
this functioll mlil*avreside illa l1e\%illStittltitnl S't till) 'v stinulatte I1w arraLgenllts to4rIt'dit tHe likelihooCd of 
the formal ,lrell'ilt,ftl(Xall)lt, , the II orteil Per- and ton r'lllhV whell1(c'cidnlits il1nv4 resp+Vl'S)(1st's 

1ali it Iint COI11l1Iis 1i) 144riltNile LcTident ", m IIll
 
-
results nmust e1ffetitil par- .. t e t 

ti(larl l)\hef44, 1 11tiais r'stirctes , v(nolu isstcs is a 
ktserc It to dissini Iit\d,l \chit.\hg lA. I\'llt'4,i,1 1igelllellt, OH11 Cared 

ill( (mc4)rIll'( rtewlh itgelilal 1i1td pdjtllutil4 difficult, 
siltll~ti(il. tgi'OeIn illI..C(1SVHISS 4411 theI 11,ttl(144f1t TI' ilts till )-'lIstIll '111d tt(4 ,. .ltlany f44r1i1la 

are fnllldtllenitllv p,4titical, and tht p litic'al It.'Iscliisi:-, agr44w114't1 have taketiu 1iihi yals tot a(hieve. ( )ftell the 
nILust t.' ase(l O1/ t soi, litific 4,nllss ['ois Hnlotlgrt't'n()llyv frllll t Va', iol liv 11n QlWtq('wIlt ill priciple 
must tilt !t-,ultS be4kiiowni hut also nliust withO t a )'ttilil l44)ltlls at hand,(ci ftifi( tliev ltt 1lith 
be perceived as ullhiased. I hre idelet'Illllt ;lgeml ios wIh ird htrthlor i, discUssioll, anddthelll lt'-,t5'il 
such itsI Nt'' call )r Cruciil. tlarticularly when '\e11t'1141 4t(1414m4t1 Of itlIl)lt'lli4Iltillg pi44t4441S. 
indlividua(1 1l ilt1dri's )e (l+>trltstful of '-therparticipilt- Wlelt.1 Sl u(ll4 h(I. at& !ti4 M'tiri.t'knmiYv EVe1 i t et., ' 1s. l'-V ' 
ing c)illtrits. teenl agrethed 411)l1. itldivildal cIutnlltrits lullst tike tile 

t4 iI thl 
Mutual Benefits Itpltin.i 11cti011; lt~ltcillv reg, rtiii l)441lt1ti441 nay 

still take v'tIl,to4;(hi4\'L ttlhe desired result. This discus-
Any nation that dec,'es to participate ill an agreeleillt Sioll .;mgsts the iill[1itallce 44f establishing Ongoing 
)nshared reo.!s1rces or transblolldarv lllution ilIISt [)pr4cises, whether tIrOnlgh sptcial l)tirp se entities such 
ielieve that the benefits of participatiton outweigh the ,as the lIA' (r tllr(fgll existing iliterlIlati4lhal )rgalnizatiolis 
(44sts.This jndgnlejnt is l 44t Inereli. One ()fect4ulo4illic suct1h itst.N. tlilicies O4r4ttlwr nultilateral grups. ()ngo
hentfits 111(]cO sts, A1thIugh thev are )art O(f heci- Of MtlrllaIc'4 CSSelltiiI 

11Ce'C(SSi'V ,t1'i), ell)lwlilt se t1 ''elllllts . 

a the iIg Illoltoligll 1r R'lllillS iall ele-
Siol. PIOlitical hellefits and( (44sts 1114illlpOrtallt. 11(1they Ill111tl (f '11.,tccessfll il ec llellts. 
carllthe th t4 u1stic and inttrlational. I )Inlestic pres- Ilutre is a gi wiIlg tn4lme1ntunm toward international 
Slre (call (iscmitrasge or aid agr-'enlllt. (lepelldinllg )()l art'el ltwetS aind ai1'tit4ll (Il shared resolurces and trails

icci\'t cOsts ;IlCi t)lelt'its O4differernt groups within a1 1)tollu(r'darv p)tlltitI issues. Stilmulated by such disasters as 
cotlitry. Lick 4)fa (lohInesti' ('(1iislst. (111 )e it1mj(11it tiltRlIinl4 chooviiical spill i1tiltt(hll'erIobl Illiclear acci
im1e~dillielit to iltionl. as is the calstwith acid roill ahat - tlInt, ildividtial nationus aril creasingly aware of their 
Illent ti.etweell tlt t:ittd States an(1 (iallacIdi. The (h),ICRV (Ill iati41s andOther for the lprott.ction 
bemiefits 4OftaIl~ltillih, good(A illterllatiotlal relations with Ianagemlent tf shared resources. As tilt. pro)len of 
the Otlher p1irtit, to4i a1grilclnt (c1nle al in;i)Ortalit /One depletiol ill the stratosplhere has shlii, shared 
factor. resoUrces caml he glohal ill scale, requirilg global action. 

The lower th, tIsts, tt' tlolt likelv there is t4 lIe al if this llewltu ll leit laieltailled()ill' will significant 
agreelleitt il t1its(a,Of ito \ntarctic lreat.v, the costs [progress te Illide ill dt'alilwith these issues. 
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World Resources Issues Part III
 

13. Managing Hazardous 
Wastes: The Unmet Challenge 

Minanata Bay. Japain, was one of the first widely 
reported iii(dents ill a long list of horror stories involv
ing improper discharge, transp)rt, s torage, o r disposal If 

hazardous wastes. 'lday. nantes like lIowe Canal, New 
'iork, and Times Beach, Missouri. iin the United States; 
l[kkerkerk in the Netherlands: -:.e'ersd Irf-Scihoinkirchen 
in Austria: IBf Kemi in Sweden; arid Vi. luflrigarv, are 
sviInI(nous with toxic wastes and the pritlems ass ciated 
With teir release into the erivirotilient. 

Itcreasingly. gl'itlernts and international agencies 
are attemptinig to control the growing prohlertt of hazard-
o)us wastes, but it is a Ionr and frustrating process. Reg-
latior is clplicated by the multimedia nature of hazard-
Ois wastes-thie a ffe *tair, water, and soil; further, defirnitions 
of hazardous and toxic wastes differ aimnig Coorrtries, as 
do the concentratilons of those wastes (,,isidered hazarI-
ous to liotuar health. lii shrit, the problen is a regula-
tory nightmare. Undeniably. mach progress has been 
inade over the past decade to control the ntalitoufact lre, 
distribution, and disposal of hazardous substa ices, partic-
uilarly chemical wastes. Ibut governments everywhere still 
struggle With tile comIplexities anld niiragnittdc of the 
problem. 

The chenical irtdustry produces [tot Illy lairge 
profits--l.50 billion for the Organisation for Economic 
Co-operation and Developiment (()lCI)) countries in 
198(1-but also large (ilrantities of hazardouiis wastes. Il 
the industrialized countries of F'urope and North 
America, chemical and I)etre':hemical industries are 
responsible for nearly 70 percent of all hazardous wastes: 
in developiltg countries, the figure is 50-6i6 percent iln. 
.Mlost toxic atrll hazardiris wastes COirne friomnnthe cheilii-
cal and related in(ustrits that produce plastics, soap, syi-
thetic ruIbber, fertiliziers, svnthictic fib ers, mediciii(,s. deter-
gents. cosii,,Acs, pailits, t)igrtrerts, adhesives, explosives, 
lpesticides, li- bicid .S,a1d Iinierois orgaiic iind inor-
ganic initermediat-:- cl' micals. 

WHAT IS HAZARDOUS WASTE? 

There are plrobab ly as many definition s of hazardiIs 
wastes as there are go)verment agencies resl)onsible for 
them. However, some general guidelines have emerged 
for classifying wastes as hazardous. Perhaps o e of the 
most widely used defirnitions is contained iin the U.S. 
Res iirce CoInservatill and Recovery Act of 1976 (RCRA). 
This lairdorark Act ctnsiders wastes toxic and/or hazard
otis if they "cause or significantly contribute to aIl increase 
ill mortality ofr an increase ini serious irreversible, or 
incap acitating reversible, illness; or pose a substantial pres
(lit or potential hiazrd to huitran health or the eitviroi
renit wheri improperly treated. sto(red, transported, 
disposed of. (or otherwise niianaged" (2). 

The rieaning (f "toxic" and "hazardous" wastes is con
fusing. 'lhev are ofteri used interchangeably. -'"Ixic" here 
refers to a narro w grop of substances that caoses death 
or seriollus liijury to hultans aid animals. "HazardouIs. 
the broader ierm, torefers all wastes, including those 
that are toxic, that present an iiinrediate or Ioig-termi 
liitian health risk or that pose a risk to the environ
merint, as defined wider RCRA and other legislation. 

The World Health ()rgaIization (IWH() suggests that 
courntries attenpting to grapple with a legal definition of 
hazardous wastes consider whether the wastes present 
"short-term acute hazards, sucht as acute toxicity by inges
tion, inhalation, or skin absorptioi, corrosivity or other 
skin or eve contact hazards or tile risk of fire or explo
sion; or loni-terir environmental hazards, including 
chrolltic toxicity uip on repeated exposure, carcinogeinicity 

.resistance to detoxification processes sLIch its biodegra
dation, the potential to pollute itdergrorud or surface 
waters, oir aesthetically objectionalle properties ";uchl as 
offensive odors" cii. lhile 13.1 lists broad categories of 
wastes that WH() W 111d i)cluode oun priority lists for regu
latiot. 
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Hazardous Waste 
II p~racticc,. IIItiSI t'inltlites iitttelllpltllli Ito rt'gtllatt t< xlt 

alid hiazard(tlIs x.'wstcs silyll draw tll ) a list ()f sl)tvific 
substan'es fur which wnthr is stfficicit sci'iltific cvident, 
linkin g the ) (I ,irs, hIliIIaiI ait ti4W t(l\'ir 't itltd 
efft cts, tllftII I IItlllatuix. I jv ltillt l l lS cIl'IIIi-Im(tt Itlll1i 
cat lllltIII lilds havt t Ito 1w test.l Ii1ld'j]laetv, so) 11)st
lists illuillt. IllV til ,xvorst +fft'uIdirs. Cmitntries cinti1n-
platilng regulation (if thilllii 'aste 11t151 idIcr--IirI'tlS 

t l xx,,eal i ( h ellln'a l--n 1i 1ixhvy tox ic it is lilt ji sT hx v' 
c ro isivc. in11(m. l IIlx flinnlilt, it is anilxx iv,. ;11(1 
whether it w.,iii (l)x.,i tI i t li(t)dlttIutItinilIs, I ttist+ ct('ll-

'.(I. ke it'llhilltms mtitist 1,lk n) it li fit the eft('ts (f 4mi,' 
massive (l()Stl iiiil (tllUl ttxit',, lilt +ilss) it 

,the Iftct., tif t'xpli 1( suII ll ([s1s ,l',l4r jI ril(Is 
(t'hrml ic ilxhiit') ti' litter lilV IwIithllh l ,'eli th<tlih i 
sill4h, ii1 5si\t, ( i< il),11 

Xl( St (lcxvtIh ~i I' tllWills 1WW'41W1 irill( (r' tWie till-
h )wi1 li Ahlitic' tiI( i itl(,li t t [rlistiln lihazarth i s sltb-
Staillces: thl ty\il (it iii'd ii% ixv'd (flanimlhilitv. cl(il-
sivl.uess. hI xiuit ).thi t c'ln'I' 1 I) If ttic pirilllts 
illxived (il)tsticid,,s' s [ix1lts, ulcliiimlsl, ttchlwllclliI';l 

ielif )ill l mi ke1 anId. tilt, )1,4 is p etc if ic s ib s t ~uicv s lik N ' l s . <tnd lt 'atd ) lt~ li( ix hi .
 
p t tl nlds (1 . V (,s I i) ,'('1)J t I lltr w , I'm l t h], r; d i <)ac li\ -t 


x'aste frin)iI li m (llamsu an tifvc'triilli(illists ()f
Slib s l; nt 'tes lw c at' ,u i~ t , %"-; s t ' p i l( il t s ( i Iis 11) i i '~ 

s5111) lOx-tx,,l xxts:,., frI, n1 l )spithits, 18i llah i 's, all 
lilitlr istmll;ilaiis la- s41 ((xic (i't l,-liid its IfI w;1i-

rralt thlir lll'iii4 plal ti i :i s ll ariitt ( ,itllil' (l l: tlhii 
reaIt.ll, rilii actix, xx'lIst is l1t disciissl'd in 1 I liclitt i.)

1)( sp iteih, th . it +<t Ih ti +>Ii l n)t} t l v c r i t -r i a t (, lidt 

,<,x~eilill 1ii il liw mn i tfl, tiiii t',xi' waithid ,i ,. 
'IinIIal lull N1 rh .\llij;l (11nvirnilllital 111,tiil'h-',


;U'-. tc(',mllll! a • il
H.,ait htit IllailY ",'i d i lS ilihisli'ild 

xx'asttS Ill' ill I tx'' 111 II' () liI rwi tilatiolis lI't;llst (I)t 
flaw's ill oliillitlii>. 'Itn ,1i.i is lat iliitiImiial litst, (f 
tI Nil' ,tt hsit'i, riItil lidt,':ll!t'i as ilx'' t)I-.itdL, i i h-t, 't>+, a'<vili l, <-;. Tlw ( ."S 'ilivir~uillten-

ilulrI+hI'i'1 iJ ;t.lil,'I1-\ ), f(r 'xillll h,, list(o( ldimil 
t'in'liia8t, ,u;k11 ,( tilS1 as 


19;.,!Iili, 


titti va,,;t, 1(5is ir 1is ill 
I l iiiirx lhx tiltlist If haz;ilrdmlis 


lhenlicils, itstifillilt iv RtC'<.\., 1111 l.V1wr1I t 17t1. 

AllnIther siglnifi';nt ir ,ii f,)i t'1ti0ltr erVxt'rhrt, 


is lhlfillil
thl qliillititil,s l wlthliilslnn'lit 
 x'ich 

x,,'IStcs i)c(llil hltz,'rtl)uS. N1o;rix' all-liJst;filt''s li' Nil' 
ill sllffic'i.iitiV 11i141(IllS-S."mmh1,1-' iIls ais1 ,t(ilv1%ill 
liiicrtograti d Iscis: 11 lhts indutt, ait xi( i(lt is' )illl l 
(lIses illwasiltid :i1 14.i >. Ihx c'cr. 111)."t lilIlical x ts 

fall S()liilxl ltr iw)t ttIi, makin4 it difficult to dira,' tIl 
lile ltitw'ei: txh'." f thlis (liltIlnnlli."s t." ilt1 )t'(ii
lilaliV (tulltr;(cs silt M1nv h11zirdm)is lmthwr thi+ Saife 

lcviIs.lo'', xii w Ill 'titr-iliills il stl. is ill lt11,ili1. 
the Ntthrlands. (i tilOw itc( Kililioi, th v var', hil 

tio Ntllierlanil fr i Ixilllipil, 50 lllillil4ialls (If ('valli', 

pr kilOgram (11114kl,) is ('tlsidtird hazaird(lls' ill tIc' -

gillm. (ext I,)xicitv is tixl'l(t)(r, iIIo stalda-d 

lig. kg ij. 


i lltiher tuin ( ltltl(fll m Iox' sllstliil'o's as ,i r'silt il 

sl)()Iltanieo)us r<E'tills ,tlilllI4 'ihlniiicals phiwcod tloietitlr 

ill duip sites is ;illie,' prilim. I)ist tl1l('lwlgicl tests 

focns ol it ) (lespite that
sinhcl c(lllJl)tll(t the fact ill 
waste dtIips t,' ir,ustially ft tmlid illllixtires. 

202 

A lthl ,Insgh thet waIstes lli,t", het r,.clativclv harnilless as Sella

rat, milliunIs, tmc(lltlixt(td, they aV lhee'iclli( highly 
t.hxi ()fteli tlit, tIxio. vild [lm)(ilctS tsclt)t, i((ldiate repu-
I ititItt il ItIlaIist tiyt ' (I IlI(t fit +ilt) the definititnmal fraie
wo)I. Iif ilazar(h Ills waistes (,91. 

IAZARI)OIS WASTE'S: IlOW MUCH AND
 
WI IERE?
 

lhl timtal a1n1)tthlt (If hltzl.rdtltis wastes ge, llltet each 
,tr thrmuiLhtlnt the wolrld is nlearlv impossible estito 


m11ate with dtit degree (If accuracy. )efinitions and legisla
tillil 'rv t' radically alni)ng ciltries. In the Third Wildd, 
h)II'lils, IllallY liltilllS harte fil laws "whatsolever goVern
ilm, the lIrIhlictioll ;I11id Iistlisal (If toxic wastes, they have 

h in1uch 
While Si(lit alltteilllts have Ieell Illiad, to) estilnale the 

i(Itlt l lt 1w (It their iitlulstrial waste is iazaidOL'h(IS. 

annu d al nit ints (If liazardi us wastes generaled gloh llly, 
there is intogcll1'ral acceptalic (If ally ( tlhese tstilmates. 
It is lkar that the {lnitd States leadhs the wlrld ill ti 
g ilrtit'll OIf hazardmius wastes, with all alilllal total (If 
(i tIf he million metric tons 0)lti.But est f timates or er ec! ( )f t i l t w ()rld iar t , l ily c ly Sl c ct luhlt iv .t.( ) ic +e s t iml a te o f 
lith , 1t)l iil l <t atl ;v+'s 'i3 f) m illio n i inc lr ic ton s (It), w h ile 

imtlhir t,stinatt, fit.r , lllI It ('llltlies was illole thall( Il ll i ll i < n lnI(W:( t r ic t oi s hih). L . 

ThII Iroiad dtiscrtl)aicies ill III,,estimiates (If hazar+ ils 
wilstI's g1'nratet thr14hl(llut the wold highlight tlhe 
iIjit'li'o' ot the f)rolhlenil ill fact, little is knol(wnl ablout howy 
mulilch hazarltllS wastes ;ire geleratedl. where thev arei - I'i, l h a p p e n~ to +t he ml .tcd . a nid w h a t l s 

THE MUKIPMEDIA HAZARDS OF TOXIC
 
WA ST F.S
 

Iiazard t.,, w;stes c'Illtaiiinate the environnent Iy mally 
piithw:lx's. lt tVell hefure allzardlols wastes are disposed
()f, he i)(Ilhitt, <; l. w ltt'r, Mid~Soill siiply. by, Virtlue Of 

llix' tlcv arc sti re~d orf01'itailleth prio1r to) final disposal.
 
[orl ,amlt, illIpOltildinents (settling ponds). for
sirfice 
whioh oiltst cloulitries ill Ein'lhoe and North Anerica have
 
set (l)eratill standards, remiain a source 
 of air polhutants 
because vlatile Organic cilipoltids (V()C) (Iftell evaporate 
frolm the h(mIds (i). )et becase the wastes have not 
Iet'ull ftriialls' displsed If,theilre l t c(overed by most 
tl;l;bdtis 'lwastelegislation.llr ther the poIlds ilISo
 
ltiitrentl snrfact- an(d 1r)llidwater ililess tley are prop

lilitled.
 
.\!it)tltr tXill)li'o. I)wx'poteltially toxic wastes 

1,S ilpt, aid(,it.illt, rtitilatiljli- allt art trallnsferre( from oill(t
IIn diuit ito aitolic~r inl Ilht, in-t'ss-is IIIh. sludg.?e .geltr

itel, bIe otl ,,,listx,wiIhr treatlenlit pllanls and air pIillh
tiooi (ltrtol devious :ths. xi'llswt ts oft.l ('ltaill 
htcavv iitils, and th,y are poiel 1li.ards tl hlllail 
ll(';thl lld the txi'llillent. Bl t thv Iav Illt he regil

tto A s iesult, lall, end Ip)t(id aitilnillmllv 
illti'Olntrollld idthistrial or inunicila!uldfills, where 
tooxi'SulbSainlc(S ill tilt w;lst(S (';'[I iigratl ito) surface

and grillmlxx.,ter mlid catill l)(1iiite hilt soold. 
,ulli e(hia pollitiO n also)resllts- frotil) wrllii)e (his

'iargos iliac'('raiite with pernits gralntel hy federal, 
stalte, mIota g()kxrltlitns. li th lh United States, for 



hazardous ~~~~ aent4udrRR 
example, hzros1vatsclsiidudrRRar6t 
regulated in the same way as traditional water or air pol-

"lutants. According to the US. Office of Technology Assess-
H(OT), ~ rs~ircharmof .S.Conres, 4 CRAhe 

does iiotlimi I itnset saddf6 emnge-
ment (treatmelit, storage, and disposal) of whatever is 
produced.RCRA regulations apply to all industrial cate 
gories but unequally depending on the amount gener- 
ated.7The body of substances defined as RCRA hazardous 
wastes has always been much larger than those regulated 
either as air rwater pollutants. Many RCRA hazardous 
wastes are not regulated under the Clean Air or Clean 
Water Acts as air or water pollutants although they can : 
be the same chemical, Therefore, if it is technically possi-
ble and economically beneficial, a regulated RCRA haz-
ardous waste can be legally emitted into the air or- . 

.water" (5). Such provisions 'create legal opportunities for 
wastesto be shifted from one medium to another-from' 

!.'land to water to air and back 'again. Similar loopholes
exist in the laws governing the handling 'and disposal of 
hazardous wastes in most other OECD countries. 

Once toxic or hazardous' wastes are treated and 
disposed "of,.hey' can still pose a persistent threat t ' 
hunian health and the environment through contamina-
tion of' air, 'water, and soil. Uncontrolled, incineration, '. 
whether o. land or t sea, can contaminate the 

watmosphhere and thesurroundi'iviroment The 'dis-

charge 'of hazardous substances into the sea or into lakes 
and rivers often kills fish. Further, disposal on land in 
abandoned dumps or improperly controlled landfills can 

egsain 
uefnleiainenacted in 1980, authorized EPA to 

identify and clean up abandoned toxc waste dumps that 
are a' clear threat to human health a~nd the environment.)
Of the 230 chemical compounds, 173 were. found i 
nearby groundwater reservoirs,- 162' in surface waters, and 
65 in: the air (16).': 

' Fortunately, there have been few incidents like Mina
mata, where' hundreds died of mercury poisoning asa 
result of the deliberate disfcharge of toxic wastes. But
 
these dramatic incidents are just the tip of the iceberg,
 
The real danger lies in the long-term' effects on human
 
health and the environment from the. millions of tons of 
hazardous wastes scattered about the earth-Aumped in 
ditches, poured down drains, abandoned 'in. fields, dis
carded in warchouses, sunk' in thelsea, injected into the
 
ground, or incinerated with inadequate safeguards. Too
 

. much hazardous waste ends up seeping into drinking
 
water, contaminating the food chain, or polluting the air.
 

Suefn~ ~ ~ ~ H z~ u Vtsclsiid 

Groundwater at Risk ' 

B.Because most hazardous wastes are disposed of by dump
ing or burial on land, the most serious environmental ", 

effect is contaminated groundwater. The threat is alarm-' 
ing. Inthe United States alone,' an estimated 75,000 

" active industrial landfill sites may be possible soi rces oft 
... ..groundwater contamination, along with 200 special facili
ties for disposal of both liquid and solid hazardous
 
wastes, and some 180,000 surface impoundments (ponds)
 
for all types of. waste 7). All told, nearly 2 percent of
 

pollute both the soil'and.the groundwater. - ' .:North Americas underground aquifers could be contami-
In 1983, an EPA' study reported 230 hazardous chemi- ' nated 08), but there are no global estimates at all.' 

cals or groups of chemicals present in the immediate . The diversity of chemicals found in drinking water 
vicinity of waste sites requiring Superfund action. (The' aquifers, situated near toxic waste 'dumps, is astounding.

Some of the most common contaminants include chlori-4 : -nated solvents, aromatic hydrocarbons, pesticides, 'trace, 
Table 13.1 Toxic and Dangerous Substances.'.'metals, and PCBs (19). One salient feature of all thesea Ti a R gerous Substances 

..... eilsthtReuiePriority . 

Consideration 

A d .1,600 
* Mercury 'and compounds
* Cadmium'and compounds ... 
* Thallium and compounds 

.* Beryllium and compounds 'contaminated
NChromium (VI) compounds 

" Lead and compounds

U ntimohy and comipounds" 
. Phenolic compounds';


~jUCyanide compounds

isocyana^tes '' 

UOrganohalogenaled compounds, excluding inert polyrrieric materials and
other substances referred to inthis list or covered by othnr directives concerning
the disposal offtoxic or dangerous wastesNChlorinated solvents go. ' 

* Organic solvents' . " A:.' 

N Bioides and phylopharmaceutical substances '..."4....


Tarry materials from refining and tar residues front distilling
Pharmaceutical copo"nds ', 

U Peroxides, chlorates, perchlorates, and azides 
>' 0 Ethers ; .'(22). 

IChemical laboratory materials, not identifiable and/or new, vih unknown
effects on the environment 0EAsbestos" 

U Selenium and compcundl


Tellunium and compounds
NPolycclic aimatic hydrocarbons
NMetal carbonyl 1 
'Soluble copper conpounds 'used 

.E kids and/or basic substances used inthe surface treatment and finishing ofrieals 
Source AdpedIo World HeCls Maaemn of Haadu"WH') "S'gno

(W4HORegional Office for Europe, Copenhagen, 1983, p4 ' " 4 "14, 

. toxic substa 

' 

' 00 new,chemcals jo.the Eearly70,000 indaily us
1,000 new9 c ieain t nearly 70,00inilypuse
By 1986, more thani 5 millionr hemicalcopud 

natural products synthesized 
,although the. majority never leave the laboratory (23). Of, 

"' omecalthe chiemicals marketed cmeialin 1979, about
.1,500,were ' of p c 000.were.active in .. 

eracivigrdintopstciein drugs, and 5,500 were food additives. The 
remainde c'nsse'' idptilani giutrlce

cal (thrthn i.Is cnesicies, aidchmical-basede aidronitdoinsralnagictulcem
sumer products (24). " 4 

.ces*once they migrate iinto groundwater is ':their long-term contamination (20). 
'Although the typical contaminated area is less than 

meters long and 760 meters wide, once ground
water is fouled with hazardous wastes, the cost of revers- .

ing the damage is prohibitive. In fact, if an aquifer is ' 

with organic chemicals, restoring the water
to its original state is seldom physically or economically 
feasible (21). 

' 

ASSESSING HEALTH RISKS 

Because most hazardous wastes are chemical wastes, con
trolling chemicals and their waste products is a paramount44 

. ''' roughly
issue in most developed countries. Every year roughly 

4 4_203 

44 
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Figure 13.1 Available'ata for Health Hazard Assessment of Categories of Substances 
Category 1/Category 

rt'nreins'v a
; -etlie m
id "s-andt
e 	.... ne 

ofPesticide Formulations 

104b 24%' 24 264b 

Cosmetic Ingredients 

2% 14% 10tO % 18,1b 

Drugs and Excipients 

Used in Drug, Formulations 


18% 1% 

Food Additives,, jz , 

A;. ...'" , 

:¢Substance=..1, _NSumb..r'bb n o 
3.350 

384t 

3,410 

1.1815 

6..
 

8,627 

i. : "
' 
......... 1%,A A
14 34% 

.. .. .Possible 

h nCo rs 	 Num ber of-hmclc i ir m reSbtne 

(at tlasti1 m~llion pounds per year)' 	 12,860 

114 11;t 	 78% 

Chemicals inCommerce (tess than 1million pounds per year13,911 

'56 2% 2%,6 
•hemicals in Commerce (production unknown or inaccessible) 21,752 

MW 

;Complete Partial Health Minimal Some Toxicity No Toxicity 
nHealthHazard Hazard Toxicity Information Information 

Assessment Assessment, Information Available (but Available 
Possible ' Available below minimal) 

Note: This assersr ew is basod on 0 'simple of10 chemn~il compounds selecied from' the uategories led hereSource: US Naliona 	 Research Council. ToxicityAcademy of ,eences, National TestingStraterges to OeienrnneNseds and Piorties (National Acaderny Press, Washington, DC 1984),.ciled byArthur C Upton, Avaliti 'of Toiogcsi Data on Eistig Chemicals (presonte.i at the Seminar on Chericbis Testingand AnimaLWelfare.Stockholm, May20.22 1986)P 11 

Many of thes jcJhemicals are toxic, but they are little;' 
threat to Iuimanfiealth, pnless they. are improperly .' 
treatediand disposed of. Unfortunately, at the nub of the 
hazardous waste problem is the fact that the toxic 
byproducs of industry. are all too ofte6, handled and 
disposed of in a cavalier manner. According to Bob 
Muiro, an environmental consultant to several European 
governments and international 'agencies, "all this inade-
quately controlled toxic waste represents an incredible 
health risk for us and future generations. We must come 
to grips with it" (25). '' ', . 

Coming to grips with the medical consequences of 
exposure to .toxic wastes is extremely complicated. Little 
is known because of the great diversity of'wastes present 
in the environment, particularly chemical wastes. It is dif-
ficult'enough, cautions Swedish toxicologist Dr. Erik 
Arrhenius, to identify with any degree of certainty poten-
tially toxic chemicals, not to mention analyzing and con-
trolling their production wastes. Further, some toxic 
chemicals, like PCBs and DDT,are so long lived and per-

that trace amounts arefound in nearly everyone' 
on earth (26). ' " 

The problem 
, 

oflinking 
. 

a particular chemical or other 
hazardous waste to specific injuries or diseases is com-
pounded by the lack 'of toxicity data on most hazardous 

, 

substances. 'Although it is o'pssible to perform risk assess-
ments on individual chemicals for which adequate toxic-
ity and exposure data exist:! states US toxicologist Dr.,Peter Voytek "such reliable data will be available for' 
only a small percentage of the identifiable chemicals at 
most dump sites" (27), Of the millions of chemicals in' 
existence, relatively few have been evalUated for toxicity.

bFurtheras to antici-Dr Voytek points out, "our inability 
SApate~synergistic and antagonistic actions among chemicals 

AA makes it impossible to. perform, total ris'k assessments:'. 
''AA 'rThis bleak assessment of the situation was' reinforced " 

by, a1980-84 U.S. National Academy Iof Sciences study of 
'feoireai7A 

toxic chemicals carried out under the sponsorship of the . 
' 	 National -Toxicology Program (28). The Academy sampled

100 chemicals at random. For each chemical selected, 
researchers carried out extensive computer and literature 
surveys to obtain all pertinent toxicological information. 
The results, depicted in Figure 13.1, demonstrated the 
acute lack of toxicity data. "The quality and complete

* 	 ness of the data, evaluated on the basis of*national and 
international guidelines, were sufficient to enable com
plete assessment of health hazards for only a small per
centage of chemicals,:' states Dr. Arthur Upton of the 
Institute of Environmental Medicine at New York Univer
sity's Medical Center. "For' the vast majority of chemicals:' 
concludes Dr. Upton, "the data were insufficient to enable 
even a partial health assessment" (29).

Toxicologists normally attempt to assess the effects of 
exposure to hazardous chemicals (or suspected toxins) by
studying reproductive dysfunctions like impotence, steril
ityl,
fetal loss, stillirth, low birth weight, birth defects, 

' 	 and infant illness and mortality (30). However, when it 
comes to tracking chemical wastes in a dump site to, for 
example, specific birth abnormalities, the trail goes cold. 

Several studies confirm the presence of significant
quantities of DDI, PCBs, and pesticide-related compounds 
in human'blood (31). However, there is little evidence link
ing these levels to hazardous wastes or to various methods 
of disposal, except in extreme'cases like Love Canal,

'where children suffered chemical burns (particularly on '" their arms and legs) and a disproportionate number of 
women gave birth to babies with birth defects (32).

By and large, only acute'injurieshave been linked to 
toxic wastes and in only a few incidents. In Toone, Ten nessee for example,' ,chemical:pollution of family water ' .. 

iwells, by endrin, dieldrin, and aldrir claused liver, and un 
riary, tract ailments, dizziness, InIasea,"and skin rashes to'the local populatior -and dn'dathi(33). Similal n'~ 

A 

Legler," a small community' in the Pine-Barrens region",of ' 'Ai 

204A AAiAA'A " 
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New, Jersey, residents reported skin rashes and sores, kid- bon tetrachloride), are carcinogenic (cancer-causing).
ney ailments, cancers, and miscarriages when benzene, Others, like mercury, are mutagenic (causing mutations 
chloroform, trichlorethylene,' and other toxic chemicals . and genetic damage), and many tend to induce brain and

,L leachd-in to- th'."-local-drinking-water.,aquifer.. Latent-med.--bone-damage- (mercury,- copper, -ead)i kidney -diseases - 
ical problems l c lude d possible kidney, nervous system, (cadmium), neurological damage, and a host of other
blood, bone marrow, respiratory, and digestive tract dam- debilitating and disfiguring diseases (40). (See Tables 13.2 
age (34).  and 13.3 for a review of acute and chronic health effects 

Although assessing environmental contamination from '.from exposure to selected hazardous wastes.)
toxic wastes and extrapolating health effects is extremely
difficult, what little is known is certainly cause for con- LIVING WITH PAST MISTAKES: HAZARDOUS 
cern. Most hazardous waste dumps, for example, contain WASTE DUMPS 
dangerous and toxic chemicals along, with heavy metal 
residues and other hazardous substances. In 1984, the The industrial world is living with a deadly legacy:
Washington, D.C.based Conservation Foundation reported decades of uncontrolled and unregulated disposal of
that a total of 444 toxic pollutants, had been identified at industry's toxic byproducts and other hazardous wastes. 
some 900 sites under invesigation y th US.,EPAfor After nearly a century of uncontrolled dumping, ignorant
possible inclusion on the National Priorities List requiring of the environmental and human consequences of dis-
Superfund cleanup (35). The 10 most common substances carding toxic industrial, wastes wherever it was con
found at these sites were 'lead, trichloroethylene, toluene, venient, industrialized countries (and increasing numbers 
benzene, PCBs, chloroform, phenol, arsenic, cadmium, of developing countries) are discovering that the cost of
and chromium (36). According to the Conservation Foun- ignorance is high. In both Europe and North America,
dation,'"some of these substances can cause immediate toxic waste dumps have displaced entire communities,
poisoning (e.g., 'arsenic and 'mercury). Virtually all of the air, ,poisoned su'rface- and groundwater, and'fouled 

them can damage health as the result of low-level, long- adversely affected human health. 
term exposure, particularly through drinking water" (37). The problem of old dump sites is perhaps the most
Seven of the ten are thought to cause cancer; seven, serious. The diversity- of chemicals found in abandoned
birth defects; .and five, genetic damage. "The risk result- waste dumps, coupled with the paucity of documentation 
ing from being exposed to more than one of these sub- of what was dunped, underlines the enormity of the 
stances at the same time is not known:' concludes the ' cleanup tasks involved in detoxifying these dumps and
Conservation Foundation (38). the futility of trying to characterize a typical Site (41).

Of the 70,000 chemicals in trade, as many as 35,000 Nearly all industrialized countries'are faced with costly 
are classified by, the U.S. EPA .9) and OECD as either cleanup bills, some of them massive. Despite progress,
definitely or potentially harmful to human health. A like the work being done in the European Community to 
number of them, including some heavy metals (arsenic, regulate hazardous wastes (42), the situation still seems 
cadmium) and certain organic compounds (toluene, car- out of control. (See Box 13.1 for examples from Europe.) 

Table 13.2 Acute Effects of Selected Hazardous Wastes 
Nervous ' GastroIntestinal Neurological Respiratory
 

PTipe of Waste ' System Damage System Damage System Damage System Damage 
 Skin Damage Death 
Pesticide wa3tes_____________ 
Halogenated organic n,, 'cides H H H HMethyl bromide H 
Halogenaled organic p- ,noxy

herbicides H
24-0 'H_ 

Organophosphorous pesticides H H H H
Organonitrogen herbicides 

(Paraquall and Diquat') H
Carbamate insecticides H H H 

H 
H

Dimethyldithiocarbanale fungicide 

Aluminum phosphide H " Anlenone H HPol~chlorinaled biphenyls ' ' ' A .
Pyanidlewastes H H H 

. H 
H 

S Toxicmetal. 
Zinc, copper, selenium, chromium, ' ' ' ' 

nickl . . . 
' 

H 'H 'H'Arsenic ''.H H H
Organic lead compounds H H ' H
 
Merctury H H HCadmium 'H

H H .. . H
Halogenated organics H H 'HNonhalogenalied volatile organics H' H <H - taistically venhable effects on hrinan beings; A- slatislicaly verifiable effects on laboratory animals -' 
Source: Goerno-s Office ofAppropriate Technology, ToxicWte A&sessment Group, Aternaties to the Land Disposal of Hazardous Wastes. An Assessment for Caorwa (1981),cited inBenjaminA.Goldman. et at, Hazardous Wase Management. Reducing the Risk (iWand Pres, Washington DC, 1986), p 23, 
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Not only is cleanup costly, but most government 
regulatory agencies do not know how to proceed. One. 
expert testifying before the House of Lords Select Cor-

hamitteeon. Science- and -Technology. (in-the United King-~
dom)told astunned audience that "we do not know how 
much hazardous waste is produced in the UK, who 
produces it; what it is, and what happens to it" 3)a(44). 
He could just as well have been addressing any other 

S tparliamentary or legislative body in Europe or North 
American, 

Although OECD reports that abandoning hazardous 
wastes is prohibited in nearly all OECD countries (45),"
legislation regulating the handling, transport, and disposal
of hazardous wastes did not take effect until the mid- to 
late 1970s. Sweden, one of the few countries in Europe 
to require "cradle-to-grave" manifests on hazardous wastes, 
did not bring its Ordinance on Environmentally Hazard-
ous Waste into force until January 1, 1976. Frances con-
trolling legislation dates from 1975 and 1979. Likewise, 
the'Netherlands passed the Chemical Waste Act in 1976 
but failed to implement it until 1979. The Federal Repub-
lic of Germany's Federal Waste Disposal Act did not take 
effect until 'January 1,E1977 And the United Kingdoms
key legislation dates from 1974, with important amend-
ments in 1976 and 1981 (46). In effect, hazardous wastes 
(yere ignored until the mid-1970s. Says one West, German 
"1ficial,. "a decade ago, most of Western Europe's toxic' 
garbage just disappeared. don a black hole somewhere"' 
Companies kept spotty records, if any, concerning the 
amount of hazardous wastes generated, what form they 
were in, or where they went. Decades of unregulated dis-

Table 13.3 Chronic Effects of Selected 
Hazardous Wastes 

ReproductiveCarcinogenic Mutagenic Tematogenic System '..Type ofWaste Effects Effects Effects_ Damage 
Pesticidewastes 

Halogenated organic
pesticides'A A A HMethyl bromide ' 

Halogenated organic
phenoxy herbicides A A A A2,4-D _ _ _ _ _ _ 

Organophosphorous , -the 

_ _ __ _ _ _ 

pesticis ebcdes A A A ,generated, 

(.araqup and Diiuata A A A 

Carbaenateinsecticides '' 


D-methVZ thiocarbonateOrToxitr erbicideTesfungicidecompounds 

Aluminumn phosphide 


Polychiorinated biphenyls A 
 ,AWatSie

anLewastes H ' 

To c etals efects___________________________ -Zinc copper, selenium, ' -eral 

chromium, 'nickel HArsenic 'identification 

Mrcuryc lea compounds 

Cadmuy H 

Halogenated organics H
'H 

Nonhatogenaled volatile" 

organics A A 


H-sttitctt ~rfabe tetsonimposedffct o hmnn bng Astbscalyveifaba
tatborato animals 

Source: Adaatad from Benomin Goldman, et at. Hazardous Waste inManagiment, Reducig.the Risk ndPren s inglon, DG, 1986), r 24 
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posal have resulted in a profusion of toxic wastes in 
Europe and North America. 

As to be expected from the amount of toxic wastes 
uthogeneratedeach-year,-the-UniteiStatesisnearthetop-of

the toxic heap, in terms of both the number of hazard
ous waste dumps needing immediate attention and the 
severity of their health threats, (see below). Europeans are 
also paying a heavy price for their negligence. Every 
country in Europe (except Norway and Sweden) is 
plagued by an abundance of toxic waste sites-both old 
and new-needing urgent attention. Tiny, overcrowded 
Holland is a prime example. Authorities estimate that up 
to 8 million metric tons of hazardous chemical wastes 
may be buried in Dutch soil-most of it in leaking metal 
drums-with estimates of the cleanup bill ranging from 
$3.2 to $5.6 billion (47). (See Box 13.1) , 

The United Kingdom faces the same situation. Of the 
estimated 5,5 million metric tons of notifiable hazardous 
wastes disposed of in 1980, three quarters were disposed
of in municipal or industrial landfills with inadequate safe.
guards to prevent contamination of the environment (48). 

,,Further, there is~no central 'authority in the United King
dom charged with supervising the transport and disposal
of hazardous wastes. Instead, there are 165 local waste 
disposal authorities, which are expected to cope with all 
manner of wastes in their jurisdictions. Although decen
tralization is often a good idea, it' does not always work, 
particularly when standards vary from county to county.
When the House of Lords Select Committee on Science 
and Technology circulated a questionnaire to these waste 
disposal authorities in 1981, of the 140 that replied, only
12 had hazardous waste disposal plans available, even 
though they had seven years to design them (49). 

The United Kingdom is, European country tothe only t 

encourage and endorse widespread codisposal of liq 'id
 
industrial wastes and domestic solid wastes at the same 
site(5)e(0.TeBiihapoc st i h ats !aallow soil chemistry processes to break down hazardous 
components. Little is done, however, to protect the soil or 
groundwater from contamination. Because of the uncon
trolled nature of thistechnique, codisposal is seldom used 
in other OECD countries (51). .

Because of the scarcity of data on hazrdous waste in 
Third World, little is known about ho~v much is

what form it is in, or how it i\ha'idled or
 
disposed of. Box 13.2 discusses the situatiisn in two
 
developing countries: India and pte
gypt.
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Superfund: A .S. Answer to Abented 

The 1980 Comprehensive Environmeital Response, Coin
pensation, and Liability Act (CERC A) established a fed

fund, commonly called the Sufperfund, to support the 
and cleanup of abandoned' hazardous waste 

sites. Funded from 1981' through September 1985 at thelevel of $1.6 billioni, Superfund was supplemented by 10 
percent matching grants fromi.the states, Nearly 86 per

sdfo aspcltx
cent of the federal money wqasraisdfo pca a
 

on feedstocks usedl by petroleum refining and
chemical manufacturing industries, with the balance corn g frmfeea appropriations (52). Though sIome 600ig rm edr 
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companies pay ',uperfund taxes-amounting ti(about 0).1 daigerolis wastes. 'litle 1,..1 slhows thit iist colitmol
 
percent of their annual sales-10 major chemical atilt cntili at vi metals
niiants identif ied Superfin d sites. Heav 

petroleum companies account for nearly 50 percent of and volatile organics are the nitist prevalent pollutants.

the annual total ci about $350 million 531. ",IanY of the ('orcettrations are ig
,-xtrenelv high h. 

'he estimated number of llazzrdolos waste dullp sites After morre than two years of Contgressional al(l
throughout the country requiring urgent remedial action ,intistration argiumerinf the Superfumd program was
varies, depending on the government agency making the reauth(orized and signed into law ill O)ctober 1986. The 
assessment. OTA estimates that 10,000 sites m'ay ever tir- niew bill itrI-itlv increases the mni ey available fIr hazard
ally be placed on theINationil Priorit List requiring ous waste cleanup: $9 billion for the iext five years for 
Superfund cleanup. But, (OIA points 01.1t. cleaning uIi) tlie worst hazardoIns waste sites csM. The new money will 
these many hazardous dlumps may well take 51 ears be generated by a broader-based tax on corporate
and cost tilp to $100 billion l3 . The Governmlllent income, inl addition to taxes ()i chemical and petroleum
Accounting ()ffi ce believes that the National PriorityLIis feedstocks and federal ap)ropriatimis.
could reach more thani ,))10 sites with aiaximun The iew Slperfnid leg islati ) requires ETA to resure 
cleanup costs of around $,11 Dillion. EPAX, on the other work on 3,75 priority sites, work that was delayed because 
hand, estimates that no more than 2,50)0 sites out of tIre of the impasse in Congress, andIto formulate standards 
20,00) dumps id.-ntified will need to be placed (on the for cleanul). It also provides funds for research and 
National Priority List-costing arotrnd $23 tillion to development of new hazardous waste disposal technolo
detoxif, and tal;g 8-li) years it) cornplet the work (55). gies (59). The new Superfund legislation promnises to 
As of August '986, EPA had designated ,ntlv 888 sites on imrprove EPXs reco rd. After the first five years, only 13 
the National Priority List 5;L sites had been clealed up and removed from the 

Because of the hrIg history Of inadlequate disposal National Prioritv List, aid there has berr controversy
pr..ictices, Sirperfuid sites contain a bewildering vaiietv of over the effectiveness of sone (f these chl'anul)S ((:I). 

Box 13.i Uncontrolled Dumping: The European Experience 

IUntil the litt- to late 1970s, hazard(us Canal in tihe United Slales. The toxic waste abandoned factory that had been it chenical 
wastes were discarded indiscriminatelv issue broke the surface in 1!)) wit tie dis- weapons complex alld the Georgswerder
throughout much of the world. Le-gislation covey that over 270 homes in Lekkerkerk. a waste dump near the suburb of Wilhenisburg.
governing the generation, transport, and residential suburb of Rolterdam, had to be The Federal Republic's worst environmental 
final disposal of toxic wastes was virtually vacated )ecause the soil andl groundwater disaster made headlines in 1979, when an
nonexistent or was ils infanc, beneath tie housing estate i-i Further, had leen contai eight-year-old boy was killed and two play
tile environmental effects of hazardous oated with chenical wastes containing mates critically injured ly exploding cheicals 
wastes were not well understood, even by toluene, xy-en.-, and beavyI nileals. lit all. ftund in an abandloned tacrory lot in a 
government agencies charged with protect- solmte 900 people had to tie relocated, 150.I)0I0 residential neiglihorhood of Hamburg. Horror
ing public health and welfare. The legacy of metric tons of ixlluted soil carted away tid stricken investigators soon discovered that the
half a century of uncontrolled disposal of btrned at,nid tie entire area filled in with abandoned factor\, was a waste dump ciil
harmfl industrial wastes began to surface clean srind. The total cost liih tioperation raining ;i extreieti lethal ctllection of

in the 1970s and has continueJ to do so in ran 
 upwards of $80 million ;,. chemical weapons l-ft Over from World War 
virtually every industrialized coonlir,, incud- Wihen it was disci tvered that toxic wastes 1I :h.S inie 6 1 chemical substances werie dis
ing newly industrializing nations tf tlie were buried under :I new houtsi ,g estat- at covered, including :10 liters of T"hbun, aui

Third Worlcd G(uderak. health althortis had it. evatuate extremely potert nerve gas (one liter ot it,


[ie hazards of uncontrlled disposal 
 and 333 residents and pt'll dow 99 titoises. T1 i,- when evaporating, reportedly could kill
dumping are dramatically tiderlined by the gruound was contaminated with 135.000 kilo- 200l)0I people) ii-t). The surrounding nigh
following examples from Europ: e. grams of polvcyclic aromatics. 110 kilograis Iorhid was evacuated as special cleanup 
WESTERN EUROPE AND benznes, iiand than kilogranis crews from the police and ary, wearing pro-SCANDINAVIA more -t,I)00

Of PCBs 1,. tective clthing, sifted through the ahandonedimiilarIv, at lDordrecht, 106houises had t, actorv grounds. Removal was complicatedThe Netherlands has been plagued v,th fe leveled and the residents moved tlst'-here when iquantities of three othe deadly chiemi
abandoned toxic waste dunips. Abott 5,000 because they were sitting vulnerabily atop a cal weapons-phsgee, sari, ;nt(] sonil

hazardous waste sites have been identified, di mpsite ct-aining lia.adus chemical cion- (nerve gases)-were also uncovered i; "
The
with at least 350 of them requiring inmetdi- pounds like xvtene, ethytbenzene, and di- delicate cleanip op rations, which lasted from 
ate remedial actioi because the. arc clear chlorobenzene. In all, arotiund 35,00 square \pril 1980 until (ie -nd of 1981, cost an esti
threats to public health. Another 750 sites nieters if soil were removed and burned i,,. mated $6. iIlion. F eral authorities fear 
are tocated near residential or inl Republic of Germany is faced that anareas The Federal estinated I70more such derelict w,-aste
watersheds atn will need to tie cleaned itp with cleanup bills for about 2,000 of te dutips, cotaitling potent chemical sustances.
in tile near future it). Commented oilie citinirs 21.000 abandonedtf ,waste sites ,, i,, iicluding discarded nerve gases, remain to be
[ntch expert on iuxic wastes, "It's al. icost founda pr- fitti i could t-xceed .- lillitn and throuighout West Germany ti,;i.

lern that has been swept under the ru too take detatdes to complete iii. t)espiie the tact \ s-tit"id dtlnip, this one in the Hambtirg

long. And now we have to pay" 12,. Itia, tl wvii 1972 and 1982 authorities suurb of Willitinisburg. also made headlines

As a result, Holland is cotnnmitted totspend- mataged to close down 50,000 unregulated in the past few years. For more than two 
ing $81 million per year 1:-20 5,000 new tines withfor the next dunips anti ope-t sone de(ades-until hiiiedui) ,,wasclosed in 
years in an etfort to cleial up dangerous evironmental saft-guarts, West (iermaiv is 1979-Georgswerder received both 1111.1licipal

wastes Q. The eventual price tag. however, haunted by its past industrial excesses *. and hazardous industrial wastes from all over

could b as high as $5.6 billion (4). The city of Hamburg has perlhaps the w:rst Europe. Known locally as "Monte Mortalis"


The dump sites being uncovered, most dat- record i tie country. Two sites have made because of its ltad of toxic garbage. (eorg
ing from the 1950s and 1960s, rival Luve H,-amburg synollymos with toxic wastes-an CoI1tnuCe on next page
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MANAGING HAZARI))IS NA STFS 	 il lilld-I)ased sites, intl iding deep wells and undergrotund 
storage facilities. I.fr tihecentrally plannedI econonies ofManagi.lina/thli(isi.wtsts rtell;is nll t hllleliki .iropt alotallutuut1t Esterii tie soviet Uiion, 90-95 percefnt of 

in much if tiw wold. "As reporlt ifttr lepmtr has hazardous wastes are disposed of ill or on the land (2).
recently -hovw i dM'posalthe fitld ,1 to waste has h'cl Accordiig to the linlited amoiint of site data available,
characleriitid h,liv ;llsiutthttIelt rathti t- than iillligL,- few )f these (llils, )articilarlv the old ones, have ad,:

nlrlt" ':sINI B b nlIlro li" l)itllma igeteillit prat'tit("- COi- ltiale safegiards to pirt et't tht- environm ent froll con
sist not of waste in any re-al hilt laminationi.iilp<sal selnse. railir 
waste reh atiti. ,e ,lii h-al wi1 - t. Ii eneral, (litted States, Canada, and Europe stillvilh tht prflhtn, the 

only istli l, ito (ii). slt iuo s ry
ntirolttriali/ed it tranaret principally on seven fotins of hazardous waste

ioduehIl,{i~"h t I slalioi anld ellforci- 1alltiagenle1t:mlent [)ritcedirch s ;ill(i ,ire slartiiu tio c-npl i ii \tiv in pttrottis 

staege toe i• nondci' lorp)1 


[] deep-well itjection ito geological formations 
or- salt cavernls, 

titu if hazardous w%,itt. , ml us-ilg better tirctticit md 2 dishiargt- ,uf trealed and untreate(d liquids into munici
dispoial techuiqti ,>pal 	 sewers, rivers, ali( streans, 

M j)laCenitnt if liquid wastes (ur sludges in surface pits, 
How Most Wastes A- Managed ponids. (I"tlagoons.
 

a storaige of St',hd wastes ill specially lined tilmps

Despite the atleinti i giv,. tolihazard(,u %as, is tf- ti ti ivereil hy Siil,
 
past decade, mst of iuistr",s w..astt-s up ittf solid
toxic still (Ini(l 1* storage liquid and wastes ill underground
inl landfills: toniparativ'Iv vtI 1) vlid. and abandoned salt mines.litlisIS,tr Wd re caive-rius 

()lIh) estinlatus that 
li it, Uinbtr ,tali-,s is liich i" Stt 0 dUntping oif wastes in sanitary landfills not specifically 
pentrut of all industrial lnzanir ins wates ;r,- disised '!f ihsigi i-l fur txic ur hazardous wastes, and 

Box 13.1 1 1(1t1hiolhed l~ulsing: The iuroleiin .Elxperience(continued) 

swrder exploded inlo t 'andal i 8-lS1, (h rltdntleft thrt, by the Chetinva Cthemi- iii a housing estate in RIaventfield, excavate
when tiveth authritiv.t tf dixit co levels in 	

an 
ftoulnid traces ti t tinlit;tnv l:t. Mercury North Seia abandoned landfill, and neutralize the sulfuric

if, ihe, dhu p :,.iiFuhtir tivestigations r- fish. ui(iding flounder, exceede(' one part cid that it still contained six years after a
vealed that tecause of the Vo latile andt reac- per million (the maximum level permitted by local oil reclamation firm had stopped dump
tive nature t f the cheiial wastes discarded liealth standards). promting the United King- ing its acid tars there. Children playing on the 
at (iorgswerder. the atitdoned dunip is doint hban tihe importationt of Danish herring site had burns on their hands and feet (271.
releasing about I00million cubic meters t f and flttiinr until the sources if contamina- M In the 1960s and early 1970s, a now defunct 
gas into the atiisplier each year. Muicipal tit v found antd remedied. l)anishwer, 	 textile factor), indiscriminately clumped
authorities fear t tht tese "!.as cloids" coitati atihtritias quickly rtirnv,'id about 3,00t cubic asbestos w vstes around the village of Hebden
dangerously high levels of ilfloriialed meters of chemical wastes frontitle site ati a Bridge in West Yorkshire without bothering to
hydrocarbis altong withitier toxic" sub- tcost of about $1 million i31. record their locations. The result: more than 
stances ti~. It Frace, abiout 66 abandiiled chenmical 70 villagers have died from asbestos-related 

)enniark hlts its sharet of toxic Irt utles is waste sites, called polt. noirs-where hazard- diseases (2st.
wetl, despite the creation t an efficient ous wastes present grave risks t tie No estiniates o tie number o 	 abandoned 
liatiIitde central colle('tio and dislpsal e lviiininelt-have received -)le turin ti) toxic waste dumps are available for Austria,
facility ftor hazardous wastes in 1976. (.See riis- renie(lial acttion uti the a.tual number tt but tie country is (lotted with about 1,000
cussittn ot Kntintnnkeiitit itt main text.) toxic ilitips tietedi-iv cleanup i; rti kintwn largely unregulated dumps for the disposal ol 
(;ovtrin ut auithorilites are in Itie pr( t t_,.o it. ( hite of France's worst dump si:es turned htIi municipal an industrial garbage (23).
cleaning tip 38 abaidttied chenliitl w.as. out to be a sidt lagooun at Marais de tllleau. )me of the worst dumps are government
dun))ps wii, but there are videspread fea, that v,'here 30,000 cubic meters of oil wastes con- managed. Al abandoned gravel pit in
 
many more t
dumps remain to f((i. latinated iearby surface waters. The lagoen Reyersdorf-Schonkirchen in lower Austria has 
lit1981, several hundred inetric itons of had ottie puimped out andl the oily wastes beeu used for years as a repository for dan

toxic organic solvents, including toluene and shipped away for incineration and solidiftca- gerous petrochemical wastes, Despite the fact 
benzene additives. were disovet-red buried it ilt a toalcost tif about $1 million ilt 	 that the site is under the authority of the
beneath a busy cily square ili thie itiddlit I htre, are no official estimates availal), oi Austrian Mineral Oil Administration-the state 
(openhagen. The wastes had bren discarded the nui ber o Iazardotus waste dumps in tit company-it lacks any environmental
by a paint and varnish factory that had closed need tf attention in ithe United Kingdon. But safeguards to prevent the mix of toxic 
tell years earlier t211. Shotckedt by the dis ov- tie ciountr , abounds in headline-grabbing materials in the pit from seeping into the
er', tie head of the Danish lnvirtnmeual aatladoned toxic waste dunips. li 1981, a water table. According to reports, the acrid 
Board, Emnerik Moltke. admitted ttiat ",s scaindal wracked the county of Derbyshire stench from the site brings tears to the eyes
cotalmination incidents tbecome knowni it will when it was disclosed tb;:l a former chemical of visit-irs l:i).

show that iiuch larger quantities o cheliual company had buried dangerous dioxin wastes Il 
a notorious case, a local privately oper
waste are lying about than we itt ie Enviiro- stiiewhere near the tiny villages of Murton, ated disposal company in Vienna claimed to
mental Board were aware tf" 21i. Stretlon. Shirlane. and Higham The situa-

A short tine later, tealth authorities in liar- tittit was made worse because county autllori- tons of hazardous wastes every year. Investi
lbottre, western Jutland, disctered atn abai- tis did [tot 

The. be handling and detoxifying 60,000 metric 

know exactly where the dioxin gatons by the Viennese Working Group of
tloned duip oin the coast that contained was biried, htw Much was there, or the extent Concerned Scientists discovered that instead of
chemical wastes from tie production tf 2..I-I), of the health throat to the tical residentls. disposing o the w.Lstes as agreed, the delin
parathion. and other pesticides, alting with There are other examples: 	 quent firm was simply collecting huge fees for 
mercury Vastes from the production of U In 1981, the Yorkshire County Council was doing nothing more than stacking the toxic 
pheno.v-niercury acetate and ethyhmercury forced to pay $178,000 to evacuate rtsidents chemical wastes behind its plant in badly cor
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Table 13.4 Common Contaminants Found at landfills (64). (See Table 13.5 for an ovqview of treatment
Superfund Sites technpologies.) ' 

: Average Occurrence .' Average Concentration OECD countries were able trecycle, recaim, or reuse only
Chemical ' ?(percent) . (parts per billion) .....12-16-"pmillionnt metric tons of hazardouswastes,_roughly.- 5-5 ferce* - fh' 16,t al a mo,nu nted gen era te d in. 1984 (65).+ +Lead 51.4 30i6,7eiiW'ioi8 hi4aCadmium (5.447 2.185 At the same time, they incinerated or thermally destroyedToluene5-10 percent.6)
Mercury 29.6 1,379 p .1(66).
Benzene 28.5 16,582 As mentioned above, the bulk of OECD's hazardousTrichloroethylene 27.9 103,000Ethylbanzene 26.9 540.000 waste-as much as 85 percent-is pumped into deepBenzofaJanthracene 12.3 148,000 wells, taken to landfills,Bromodichloromethane 7.0 20 w, stored in underground caverns, orPolychlorinated biphenyls 3.9 128,000 treated and dumped into lagoons, rivers, and streams.Toxaphene 0.6 12,360 , .
 
Source: wila Eckel, e at.,pireented atthe National Conference on Hazartous Wastes 11i'cking Systems for Monitoring Hazardousand Environmentat Emergencies, cited inJulian Josephson, 'Implementing Superfund,"Environmental Sconce and Tec.rnoiogy, Vol 20, No. 1 (198b,p 28 Wrastes 

By .1983, most OECD countries had instituted systems for
" recovery of solvent liquids from other waste con- tracking the movement of hazardous wastes from the site
taminants through fractional distillation (63). of origin to final disposal or were in the process of doing

In addition, a small-but increasingly significant propor- So (67).
tion of hazardous wastes is burned in industrial and com- In the United States, the Resource Conservation and
mercial boilers as fuel supplements, incinerated or ther- Recovery Act of 1976 (RCRA) required that all generators
mally destroyed, treated chemically through oxidation of waste, as well as transporters and disposal firms, com
processes, or degraded biologically by soil microbes under ply with a federal manifest system. All shipments of hazaerobic conditions in carefully controlled and monitored ardous wastes from the site of their origin fall under this 

Box 13.1 
roded drums and broken plastic containers (31). phenols, phenoxy acids and their esters . for incineration. The company was 'subse-Switzerland produced 380,000 metric tons (Dinoseb and Lindane), as well as quantities of quently fined $6 million for negligence (431.of hazardous wastes in 1985, incuding liquid CBs chlorinated dioxins, and dibenzofurans Poland's history of toxic waste legislation is
industrial wastes that are handled by waste- (36. .When this was discovered, the central ' also short. Until recently, authorities did not
water treatment plant. Other wastes are government forcibly closed the plant in ' ' keep track of potentially hazardous wastes;
incinerated or deposited In controlled landfills. October 1977, after 12 years of litigation, But much of industry's toxicva~tewas'diuped inSwitzerland's main problem isnot abandoned cleaning up the municipal landfills ormess cost in excess of $7mil- Industrial dumps with littoxic waste dumps but, rather, emissions from lion and took several yea- to complete (37).' tie or no 'environmental safeguards. Poland
 
the country's 38 incineration plants that burn TERN EUROPE ' ' generates a lot of hazardous wastes. The

avariety of wastes, including hazardous' EUROPE i ' ' chemical industry alone generated an estichemicals (32).Prior to enforcement 'of the As mentioned earlier, up to 95 percent of ''mated 125 million metric tons of wastes
 
new air pollution ordinance (March 1986), the 
 all hazardous wastes generated in Eastern ' between' World War Ii and 1980, much of itincinerator. were annually discharging into' Europe are disposed of in landfills, many ' toxic (44)In 1976, according to one estimate,the atmosphere some 5,000 metric tons of without any environmental controls what- ' ' Poland produced nearly 23 million metric tons
hydrochloric acds, 200 metric tons of hydro-
 soever 38i. Only in the past few years have " of hazardous wastes, of which nearly 20 milcarbons, and 140 metric tons of heavy metals, countries like Hungary and Poland attempted lion metric tons were from copper, zinc, and
ranging from cadmium to mercury (33).The !to come to grips with their growing burden ,. lead ore flotation; slurries and Ust particu
situation isslowly Improving because all of toxic wastes. ' lates from electrostatic preciitators; and
incineration plants are now required to meet Hungary had no legislation regulating the industrial sludges generated in tanning, elecstricter standards on air pollution and there- handling and disposal of hazardous'wastes troplating, and related process industries (45).
fore must reduce harmful emissions. ' ' 
 until 194 (39)Most of the country's estimated A study of toxic wastes in one reglon' of
Because about 75 percent of Sweden's haz- 600,000 metric tons of hazardous wastes the country-Lublin-revealed-that
.' ' ' most of the
ardous wastes,'which total about 520,000 met- generated every year are disposed of lp land- areas 61,000 metric tons of industrial toxic
ric tons ayea, are generated by a few Indus- fills; little is Incinerated or shipped oui of the " wastes were disposed of In landfills. Accordingtries, toxic wastes are relatively easy to track country (40).The 1984 legislation-was enacted to Polish journalist Gene Pudis, "the waste

(34).Still, good legislation' and responsible largely in reaction to an incident at the small material is dumped around the towns of

Industries have not spared Sweden from village of Vac, 40 kilometers north of Lubartow and Kloda. However, none of these
unscrupulous disposal practices. One famous 

' 


'.dumpBudapest on the Danube. In 1981, inspectors sites fulfills technological or. sanitary 
case stands out.' From 1965 to .1977, a chemi- found high concentrations of chemical Sol-''' requiirements, creating a potential threat toplant owned by Br Kemi manufactured vents in the drinking water frm several of . 'the local water reservoirs and the soil. The


pesticides at Teckomatorp in southern the towns wells (41).Investigators traced the' same lack' of basic regulations holds for muni-
Sweden. Dunng this period, the company was chemicals to'an abandoned waste site in the .' dpal dumps outside the towns of Lublin and

continuously at odds With the environmental town, owned by Chinoln, the largest phar-> ' ' Krasnik, where wastes from the machine
protection authorities'for'discharging toxic maceutical cc-npany in Hungary.The chemi- . industry containing nickel, cadmium, lead,2wastes-mostly chlorinated phenols and cats had leaked out of Improperly stored :.. copper, zinc, molybdenum, Iron and manphenoxy acds-into a small stream near the waste drums and seeped Into the soil, con- ' anese, are dumped" (46).plant p5, Subseuent Investigations revealed taminating the groundwater (42. 'In the a Responding, In part to Increasingly vocal

~~that,_fromn 1975 to,1977, the company had ,math of, the revelations, 45,000 cubic meters 1demands from the Polish Ecological ClUt 4aalso lllegallv uriecdmore than 600druins ' of soil hd toibetran'poited elsewhere for: nationwide grassroots environmental organiza
filled~withjoii wastes conitaining high levels -:buril, And ChInloin w'as forced to ship 2,000 tion, Polish authorities have reend eeof'pestidderesdue+s,Including chlorinated imetric tons of distilation residues2 tAsia " ' " 'contned on next page

': ' '"i".,,~"'c i on next page' 

*Wxsd P 1987 
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- . Hazardous Waste-

Box 13.2 Hazardous Waste Management in Selected Third World Countries 
Most Third World cuuntries have no legis-

latlon governing the production, handling, 
-and disposal of toxic wates-industal- :---

wastes are generally treated like municipal 
wastes and dumped indiscriminately In laid." 
fills or are discharged into rivers and 
streams or into the sea, There is also little 
information on hazardous wastes i.1 the 
Third World. 

In India, no study has been done on the 
nature and extent of toxic waste pollution tit. 
Although nearly all rivers in the country are 
polluted, most pollution is from domestic sew-
age and municipal effluents. However, rivers 
in the provinces of Gujarat, Rajasthan, Bihar, 
Maharashtra, Kerala, and Andhra Pradesh 
often contain high levels of heavy metal 
wastes, including mercury, cadmium, nickel, 
manganese, lead, chromium, copper, and 

Further, as nonbiodegradable organic chemi- straints. The Prime Minister has stated 
cals continue to enter the aquatic food chain, recently that if the existing standards fixed by 

-- the-threats to public healthiandwelfare - terEgyptiah. Wastewtef lW..eietb beiit 
increase (4). nearly all factories would have no choice but 

In other areas toxic wast s are simply to violate the law" (7
dumped on land without regard for the The situation in most developing countries 
environment or human health. In the highly was succinctly summarized by Mateo Magar
industrialized area of Vapi in the province of inos de Mello, an environmental lawyer from
Gujarat, chemical wastes are piled In the open Uruguay: "Anybodycan throw anything any.
with no protection. The problem of mis- where, at any time and in any quantity" (m),
managed toxic wastes is aggravated by Indias 
weather systems. During the rainy season, the References and Notes 

.stockpiled chemical wastes leach into ground- 1. David Davidar, "India: Every River Polluted, 
water reservoirs, contaminating drinking water, and Few Effective Controls:' AMBIO, Vol. 
During the eight months' dry season, wastes 11,No. 1(1982), p. 63. 
accumulating in small rivers and'streams can 2. Ibid. 
become highly concentrated (s). 3. li1Sundaresan, etal., "An Overview of 

Egypt, like India, has no central agency Toxic and Hazardous Waste in India:' 
responsible for managing hazardous wastes. Industry and Environment, No. 4 (1983), p.70.

antimony r2). Perhaps the most dramatic inci- The industries that generate toxic wastes are 4. Ibid.
dent of hazardous waste release in India supposed to treat'them before discharging 5. Op cit. 1I.
occurred in 1968, when the Ganges River them into public sewers, pumping them into 6. Ahmed Hamza, "Management of Industrialnear Munghyr (in Bihar Province) caught fire rivers, or dumping them in landfills (6).The Hazardous Wastes inEgypt:' Industry and 
because of petrochemical wastes discharged reality isoften quite different. According to Environment, No. 4 (1983), p.31.
from a refinery (3). Ahmed Hamza, Director of the Industrial 7.Ibid.

The production of hazardous wastes in India Waste Research Center in Alexandna, "since 8. Mateo J.Magarinos de Mello, "General
has grown significantly since the 1960s. more than 75 percent of Industrial establish- Guidelines for an Environmental Policy and
Reports of fish kills in estuaries and rivers and ments in Egypt are state-owned, it is virtually a Preliminary Case Study in a Developingthe death of cattle from exposure to heavy impossible to enforce the emission laws owing Country," Industry,and Environment, No. 4
metals and acids are a regular occurrence, to economic, technological, and political con- (1983), p.53. 

The West German and Danish Systems of 
Hazardous Waste Management 

Although both West Germany and Denmark have tackled 
the problem of hazardous wastes by introducing centrally 
managed systems, their approaches are different. 

Federal legislation in West Germany places hazardous 
waste management tiider the I1German 1U"inder, or 
states, allowing each one to develop its own implementa-
tion system. Nearly all have centralized treatment and 
storage facilities of some kind. However, the Bavarian sys-
tern is particularly noteworthy. Three major integrated 
treatment-incinerator facilities, both private and state run, 
operate under the Company for Disposal of Special Wastes 
in Bavaria, abbreviated G.SB (72). The facilities, located at 
Schweinfurt, Schwaback, and Ebenhausen/Gallenbach, 
receive hazardous waste3 from more than 10,000 firms in 
Bavaria (73). In 1980, approximately 206,000 metric tons 
of hazardous wastes were delivered to GSB, an amount 
equal to nearly 90 percent of'all such wastes generated 
in the state of Bavaria. Of this amount, 30 percent was 
incinerated, 30 percent required oil-water separation 
before it was discharged into municipal sewers, 24 per-
cent was sent to Gallenbach for controlled landfill, 9 per-
cent was treated by other methods, 2 pertent consiste(d 
0f solvents for recycling, and 5 percent was handled by
unspecified methods (74). 

The entire, system originally cost $50 million, of which 
Bavaria subsidized $33 million through land grants and 
low-interest loans. Today. GSB's annual operating costs of 
about $10.5 million are fully covered by the disposal fees 

* ', * :" - ' -

paid by Bavaria's waste gnerators (75). GSB has also
 
initiated a program to collect and dispose of hazardous
 
household wastes such as: pesticides, oil-based paints, bat
teries, and waste oil. 

Denmark has Europe's most centralized national treat
ment and disposal system. All wastes considered hazard
ous under Danish law are sent to one central facility
Kommunekerni-located in the city of Nyborg, about 30 
kilometers east of Odense in central Denmark. Authori
ties set up 21 central collection stations throughout the 
country, in addition to 250 stations for handling toxic 
household wastes, thus ensuring that no source of haz
ardous wastes is far from a collection station (76). The col
lection stations do not pretreat the wastes but, rather, 
separate and store them until they can be transferred to 
Kommtmnekemi. 

The Kommunekemi facility incorporates three separate 
treatment processes. First, waste oil is recovered, then 
upgraded and used to fuel the plant's incinerator. Second, 
organic wastes are treated through conventional detoxifi
cation processes, from pH adjustment and precipitation of 
heavy metals to dewatering the wastes. Detoxified waste 
water is then sent to'a municipal sewage facility, and the 
filter cake (leftover toxic residue) is disposed of in land
fills Third, highly toxic organic wastes are incinerated in 
one of three large incinerators Fly ash from the incinera
ton issubsequently sent to a nearby controlled landfill (77).

Despite this carefully controlled centralized system,
industrial compliance is clearly below expectations; in the 
chemical industry alone, some 25 percent of all hazard
ous wastes are still not disposed of properly (78), The 
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TaIble 13.5 Common Treatment Technologies Used in North America and Europe 
-ian(
2X <,~ O ~Ae~taos~ ~ Disadvantagesii~' '1 ~ i1.,blttils 22' ~~" 

603atructtonlDetoxlfication Processes, 
Bi1ologic!l 'featment 
Convontionat.
 
.. Appiable to many organic waste streams * May oroduce a hazardous sludge that must be : K * Microorganisms sensitive tooxygen levels, tempera,
*High'otal organic removal managed 	 tre,toxic loading, inlet flow
* Inexpenive .. 	 May require pretreatment prior to discharge , Some organic contaminants are difficult to treatWell understood and widely used inother applications r 	 Flow and composition variations can reduce efficiency2K. 
 * Aeration difficult to depths of 2 feet 

* Many common organic species not easily
biodegraded
* Needs proper combination of wastes and 
hydrogeological characteristics 
, Must obtain proper mix of contaminants,
organisms, and nutrients 

I Organisms may plug poresInsitu ioldegradation 

Oestroys waste in placeD 	 • Limited experience
* Extensive testing may be required
•Containment also required 

Chemical Treatment
 
Wet Air Oxidation
 
•Good:for wastes too dilute for incineration or too * Oxidation not as complete as thermal oxidation or * Poor destruction of chlorinated organics

concentrated or toxic for biological treatment incineration 
 •Moderate efficiencies of destrurtion (40-90%)

* May produce new hazardous species 
9 Extensive testing is required
* High capital imestment
* High level of operator skilis required


Chlorination iMaya, require posttreatment
 for 2yanidle 

* sc~i1ycomplete destruction - Specialized for cyanide 	 *Inter-fering waste constituents may limit applicability* Well understood and widely used inother applications 	 or effectiveness 
Ozonation
 

-in destroy refractory organics * as thermal oxidation or
Oxidation not as complete 	 •Not well understood 
mixes can be treated 


*May produce new hazardous species
 
* Liquids,,,olds, 	 incineration 

•Extensive testing required
 
-! :': , *maintenanceHigh capital investment, high operation and ,
 

Reduction for Chromium 	 mien 
* High destruction 	 •Specialized for chromium * Interfering waste constituents may init applicability-,Well
understood and widely used inother applicatirns or effectiveness 
Permeable Treatment Beds 
.Limited excavation required •Developmental . Best for shallow plumes.Inexpensive 	 - Periodic replacemerr of treatment media required *Many reactants treat a limited family of wastes 

S must bt-1;sosed of Effectiveness Influenced by groundwater flowSpent treatment medium 	 * 

variations 
Chemical Injection 
* Excavation not required - Developmental . Best for shallow plumes
DNo pumping required s Extensive testing required Need fairly homogeneous waste composition 

Danish Parliament is attempting to impose~rnore stringent OECD countries, regulations stipulate that these landfills 
penalties on violators in an effort to fashion a bigger must be lined, but most experts agree that the clay or 
enforcement stick. soil barriers built to contain the wastes are often inade

quate to prevent toxic mixtures from reacting and eventu-
Current Management Practices: Problems and ally seeping into the soil and contaminating groundwater.
Prospects iAccording to the U.S. EPA, less than 5 percent of all haz

ardous'wastes disposed of in managed landfills are chemi-
The Containment Dilemma caliy or physically stabilized to reduce the chances of the 

wastes migrating into the groundwater or leaching to the
All the major containment technologies-surface surface/(8g).

impoundments, hazardous ,aste landfills,' and sanitary r
Sanitary landfills (municipal dumps) are 	not lined''and 
landfills-seem to' have inherent serious 	flaws. therefore are not designed to accommodate hazardous 

In the United States, a study by the U.S. EPA found wastes, But 'many such facilities in North Americaiand
that over 70 percent of the estimated 80,000 surface Europe' are riddled with toxic and hazardous wastes dis
impoundments accepting hazardous wastes in the country 'carded before legislation governing the handling and dis
were unlined, and 90 percent of these 'were possible posai of such wastes as promulgated.Even where strin
source s g wae cot -nt7 gent laws exist as in most OECD countries loopholes in ,
Even lumps. designed to:accept. hazard6us wastes often * ' the definitions of hazardous wastes allow potentially toxic and 
lack needed environmental contr6ls Throughout the ' harmful substances to escape regulation. In the United 

"I VkmidRasmcn 198? 

212'F 	 F 



_Hazail W"Caste 

Table 13.5 1 

'" iae'Dsadv antages Li i~ # ,P *. 

~ Incineration . - .... . r 

*Destroys organic wastes (+99.99%) D 	 , l rDisposal of residue required 	 nnslte101di,LII , :.rtii .'-	 1 * Test burn maeybe required "_ , 
Skilled operators required

*Costly 
Onsile~ 
*Destroys organic wastes (_f99r99%V) *Disposal at residue reqUired *Mobile units have tow teed rateTransportation at wastes not required 	 - Onsite feedstock preparation required 

- Test burn may be required 
pSkilled operators required 
"Costly 

Thermal Oxidation or Gases 
Proven technology - M~ayrequire auxiliary tuel
High destruction efficiencies 	 - Operting and mairitenence may be high
Applicable to most organic streams_____________________ 

Separation-Transfer Processes .____ 

Chemical. 
Neutralization-Precipitation 
,Wide range ofapplications * Hazardous sludge produced * Complexing agents reduce effectiveness 
,Well understood and widely used inother applications 
- Inexpensive 
Ion Excfhange 
* Can recover metals at high efficiency # Generates sludge for disposal - Resin fouling 

e Pretreatment to remove suspended solids may be * Romoves some cor,;tiluents out not others 4reqred

•r,.;osly
 

Physical Treatment 
Carbon Absorption for Aqueous Streams 

Well understood and demonstrated a Regeneration or disposal ofspent carbon required a Many inorganics, some organics are pooly
Applicable to many organics that do not respond 9 Pretreatment may be required torsuspended absorbed 

to biological treatment I solids, oil, grease
High degree offlexibility in operation and design 9 High operating and maintenance costs 
High degree of elfectiveness 

Carbon Absorption forGases 
and operating and maintenance costs * Widely used, well understood •High czpital 	 More effectve for low molecular weight, polar species

'High removal efficiencies ' Disposal or regeneration ofspent carbon required 
Flocculation, Sedimentationand Filtration 

Low cast - Generates sludge fordisposal
* Well understood 
Stripping 

Well understood and de~nonstraiedl - Air controls may be required *Applicable only to relatively volatile organic
Flotation contaminantsi-Flotation r " "' "": ' " 6
 

Well understood and demonstrated., Generates sludge fordisposal
*Inexpensive 

Reverse Osmosis 
* High removal potential " Generates sludge fordisposal 	 * riability in waste flow and composition affects 

-Pretreatment to remove suspended solids or adjust performance 
pH may be required. 
'Costly 

Source: US. Office ofTechxnkogy Assessment (OTA), 19155,Supedrund Strategy, (US Government Printing Office, Mshington. DOC. pp 118.t89 

States, for example, roughly 23 million metric tons of Incineration: A Necessary Option
inorganic wastes, chiefly metallic and nonmetallic dusts 
from the primary metals, steel, and iron foundry indus- :When performed under controlledrconditions, incineration

2, tries, were dumped in sanitary landfills in 1983-exempt can destroy 99.999 percent of organic wastes. (See Table 
from the regulations enacted under the umbrella of 13.5) Common incineration technologies include liquid 

-. RCRA (81). According to the U.S. Congressional Budget injection, rotary kiln, hearth, and fluidized bed (83). At 
Office, because "some of these waste types have demon-st'ated s ignificant .!i,:!:	 Unte' 	 haars when deposited in unflined the present time, incineration accounts for less thant2sistpercent of the disp~osal of haard0ous wastes in the United : 
landfills, the use of this disposal method might threaten States (84), where relatively high costs, compared with 
groundwater" (82). In both Europe 'and North America, landfills, and concerns for the safety of surrounding areas 
small-scale industries generating less than about I metric in case of accident or imprper operation have kept 
ton ofhazardous' wastes a .month have also been gener incineration from becoming a major form of hazardous
ally excluded or made exempt from hazardous waste dis- waste disposal. In Europe, incineration is used more fre
posal regulations. quently but in most countries still account.fyj-0, l 
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below half the wastes disposed of (85). The Federal 
. 

Although no annual data are available for all hazardousRepublic of Germany, for example, incinerates about 15 wastes 1acinerated at sea on a global basis, in 1984,
percent of its hazardous waste. However, as land-based about 100,000 metric tons.of highly toxic industrialsites for disposal become harder to. find and:as 'regula- wastes-about 80 percent were toxic organochlorinestins.- memsteingentespcially-for high-toxic 9 . .ree.Spec. become- IllyIequippede'ssels:
organic wastes, incineration in'specially built land-based operating out of Antwerp, L.e Havre, and' Rotterdam (94).facilities and at sea is becoming an increasingly impor-. Most of these wastes are incinerated in the North Sea off
tant alternative to landfills and storage. the coast of Belgium.

One promising new method for incinerating toxic and Six European countries produce nearly all the toxicother hazardous 'wastes is the use of existing cement and wastes incinerated in the North Sea: the Federal RepublicJime kilns. In fact, this technique is emerging as an effi- ., of Germany, the Netherlands, France, Belgium, Switzer
- cient and cost-effective alternative to costly centrally"' land, and the United Kingdom (95). With the exception ofmanaged incinerators like those used throughout Europe. Belgium, most toxic waste incineration by these countries.Tests at the Norcem cement plant outside Oslo proved is on land. (See Table 13,6.)

successful. Not only were various kinds of wasls, includ- P . .... .
ing PCBs, incinerated, but the plant substituted selected PromisingNewTechnologies
toxic wastes for up to 30 percent of the fuel used to fire Some new technologies show promise for improving
their cement kilns (86). treatment of hazardous wastes. As legislative restrictionsIn the Swedish town of Stora Vika, a cement kiln suc- on landfills grow and the costs and risks of traditionalcessfully incinerated chlorinated aliphatics, PCBs, chlo- methods of disposal rise, new technologies become morerophenols, phenoxy acids, and trichlorotrifluoroethane, attractive economically as well as technically
During both short- and long-term tests, no major waste 
components were detected in the plant's stack gases (87). Biotechnology
Similar tests were repeated successfully in Canada (involv- Genetically engineered microorganisms have been develing waste oils contaminated with lead and zinc, PCBs, oped to biodegrade toxic wastes in situ and in closedtoluene, and a variety of chlorinated wastes) and in the reactors (96) Toxic chemicals like benzene, toluene, andUnited States (involving PCBs, chlorinated aliphatics, xyleies along with other hydrocarbons can be oxidizedmethyl ethyl ketone, toluene, methylene, chloride, trich- in situ to carbon dioxide and water by microorganisms,loroethane, trimethylbenzene, xylene, chloroform, and provided that oxygen and such inorganic nutrients ascarbon tetrachloride) (88). phosphate and ammonium nitrogen are present (97). At

Most cement and lime kilns are already fitted with one site where a large amount of oil had been spilled,advanced pollution control equipment, including high effi- 200 microorganisms peragram of soil, were placed in theciency. electrostatic precipitators that clean stack gases. In polluted earth; within 165 days the microorganisms hadaddition, the kiln materials-high in alkalinity-neutralize multiplied to more than I million per gram of soil and had any acidic gases that may form (89). "The elegance of this digested 65 percent of the hydrocarbons (98). Occidentalsolution:' claims Roger Batstone, Industrial Pollution and Chemical, one of the pioneers in this field, has filedSafety Engineer for the World Bank, "is that the cement patept applications covering nearly 100 strains of recomcompanies are paid to incinerate the wastes and, in addi- binant microorganisms for use in biodegradation (99).tion, are able to cut down on their own fuel consumption Plasma Arc Destruction 
in the process. Moreover, capital 'investments are minimal, Pam r etuto 
compared to. full-scale incineration plants" (90). This novel form of incineration obliterates all traces of

Ocean incineration has also received publicity over the past organic toxic wastes. Developed by a Canadian engineer,
few years, much of it unfavorable. Before it is accepted 
as an alternative to the other forms of incineration, not Table 13.6 Average Amounts of Hazardousto mention.disposal, several environmental stumbling Wastes Incinerated in Selected OECD
blocks must be overcome. Incineration technologies used Countries, Early 1980saboard the three ships currently operating are controver
sial. Critics of ocean incineration, like' Greenpeace,' claim -Aont Inaned (meri tns)a" 
that the toxic constituents of the wastes are insufficiently ountry On Land A 0.a, 
burned and, instead, are spread far and wide by the Belgium X 10,000emissions plume. (91). Opponents argue that tighter Federal Republic ofGermanyFrance 65004,0400,000 10,000environmental controls, like mandatory scrubbers, need to Netpeucands of Ga75 4,000be required for incineration vessels before they are Switzerland 120,000 5,00
United Kingdom 80,000licensed. 3,500-United States 2,700,O00b 0Even more worrisome is the possibility of a cata- Norway ,X
strophic accident or spill in discharging tons of highly ' X-IdalbeNot e.. . .. .. 

8000 

toxic wastes into the ocean. The U.S. OTA, a proponent. .. .. . . ." ' . : , a.TheNvererands inrneraics about 86,000.. . , ... , . . meirc tons ofhazardous wates each year onland and at s,ea. : • . , .. _ 
of ocean incineration, states that "for most hazardous b.This large fgure isonly 1percent of the timaamount of hazardois wastesgenerated inthe Unied States Incontrast, West Germany noneraes 15percent of is total amount ofmaterials, a significant spill in almost any location would hazardous wastesThe U.S. Congress, Office of Technology Assessment estimate that 

percent ofe10- alU.S,
result in considerable immediate destruction of biomass Sourc: Adael 
hazardous wastes could, in-theory be ncinerated,fram USCongress, Offce of TechnologyAssessmt, OTA), Ocean Inand loss of most organisms in and around the spill" (92) . 9ashingtonin Managin Hazardous Waste (OTpp DC Atigusi 198b) 
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Hazardous Waste
 
'!' '.'?''t he plasma arc sends a powerful bolt of electricity lion pounds of carbon tetrachloride wastes at Du Pont's 

between two electrodes, heating the air in a chamber to Deepwater, New Jersey, plant; 175 million pounds of,
45,0000 F and creating an intense surge of energy chromium wastes at International Flavors and Fragrances'
known as the plasma state 000). Among a host of other plant in Union Beach,NewJersey; and 5.7million: 

.......... 	 i f 
 'lhe- out- - wafii-wastes at USS Chemicals' Haverhill,
'moded electrical transformers insulated with PCBs. When Ohio, plant" o08).
PCcontaminated substances in concentrations of 22,000 The INFORM study concluded that "waste reduction 
par per million have been fed into a plasma arc, 'there .alternatives were seldom considered until circumstances 
is no trace of PCBs, after incineration (101). virtually forced plants to review their 'waste management 

practices, Recycling, treatment, and disposal options
Molten Salt Incineration 	 prevailed" 009). Fewer than one quarter of the plants 

Soaking hazardous chemicals in a hot bath of molten salt 	 examined (12 of the 79) had made any reductions in
iseffective ndestroyingDDTpowderchemical warfare 	 wastes generated. At the Borden Chemical Company'sagents like mustardgas,corrosive sFvents, and acids (102). 	 Fremont, .California, plant, managers first resorted' to use 

The molten pool containing sodium carbonate is heated of me traditional evaporation pond to meet a more strin, 
to about 1,6501F,well below levels necessary for some gent phenol limit in its wastewater discharge. Only when
kn....i,-.ncinerat,,. percentoftheorigina,,s 	 failed did they seriouslyon. than I, 	 that.technique look at theirkinds of incinerati. Ls , the originl waste reduction potential. By revising their equipmentthan.. percent of...waste volume remains after passing through the salt pool ote
 

,-03-). . 11n in o erations, they cut ,
rinsing procedures re the 

organic discharge by 93 percent. Eliminating the evapora-
Source Reduction: Turning Off the Toxic Tap 	 tion pond also reduced the generation of phenolic resin 

sludge from 350 to 25 cubic yards, saving the company
Some companies that generate toxic wastes are beginning $48,750 per year,n disposal costs 110). 
to cut off the flow of toxic wastes at the source--4hey are In,the United States, pioneering pollution prevention
generating less hazardous materials in their manufactur- research began at the University of North Carolina School 
ing processes. of Engineering in 1972. The state of North Carolina now 

In the United States, Minnesota Mining & Manufactur- has a $600,000-per-year program to publicize successful 
ing Corporation (3M) pioneered the concept of reducing 	 pollution prevention efforts. The Institute for Local Self
pollution at the source instead of at the end of a pipe In 	 Reliance in Washington, D.C., also provides technical1975, the company initiated a Pollution Prevention Pays information to promote waste elimination in urban areas 
program that by 1984 had eliminated 10,000 metric tons (111). In Europe, a similar effort is conducted by La Mis
of water pollutants, 140,000 metric tons of sludge, and sion Technologies Propres de la Direction de la Preven
90,000 metric tons of air pollutants. Further, the company tion des,Pollutions du Ministere de l'Environnement in 
cut its effluent discharge by 3.7 billion liters and saved 	 Paris. The French Government documented e.xamples of 
254,000 barrels of oil per year. This program used 1,200 	 industrial waste reduct,,ps in "Les Techniques' Propres
employee suggestions and saved $192 million in less than dans lIndustrie Francais,' which has also be& trans
ten years (104). ' lated and published in the United States (112).

Laws and regulations dealing with solid and hazardous ' The biggest hurdle facing efforts to promote pollution
waste disposal are beginning to drive industrial behavior prevention is company., reluctance to share information. 
toward pollution prevention. It is no longer cheaper to "Companies are hesitant to (accept) any outreach,
pollute. In the United States and Europe, where strong whether it's from government or a nonprofit organiza
waste disposal laws have been enacted over the past 15 tion' says Roger Schecter, North Carolina's program direc
years, the administrative machinery is reversing the eco- tor, "because they don't know whether the information is 

romic incentives to pollute. These laws highlight the going to (result in) increased costs or increased regula
problem of cross-media pollution and the need for an tions. Uncertainty about the use of the information 'has 
integrated approach to waste management. "In the long made a lot of industries gun-shy" (i13). Many companies
run,' 'concludes a U.&. Environmental Protection Agency also argue~that the information is proprietary. Yet, as 
researcher, "only the reduction in the generation of Schecter points out, the 40 companies that participated in 
wastes and an increase in recovery and byproduct the North Carolina Pollution Prevention Pays program in 
production will permit the achievement and maintenance 1985 saved a total of $12 million. Other major constraints 
of desired levels of environmental quality" (105). ' 	 to waste reduction are the relatively low costs of raw 

Unfortunately, source reduction is still largely untried. materials and water (114). What will sell pollution preven-
The chemical and allied products industries account for tion at the source will be the rising costs of waste 
roughly half'the hazardous wastes generated in the ' management and mismanagement. Until now, the costs 
United States 006). Yet in a recent study of 29 chemical ''of pollution control in the United States have amounted 
plants, source reduction was being.tried for only a small ' to only I or 2 percent of total business costs 115).But the 
fraction of the toxic wastes being generated' 07). The 1. 1984 amendments to the U.S. Resource Conservation and 'I 

study by INFORM a New York-based research organiza- Recovery Act are expected to add an estimated 46 per 

tion, reported that "the largest reported waste reduction ' cent to industry's compliance costs by 1990.
figures of two to three million pounds per year are ' As mentioned earlier, most Western European nations 

-dwarfed by thelargest reported waste streams: 51.9 mil- ' 	 have made more progress in waste' reduction and reuse 

Wlid PaSourCeS1987 

21 IS 



Hazardous Waste 

than North America has. The first watste Qxchangc was 
estathlislled ill the Ntlthrtads ill 19t9 (it;), aindi it tom 
lists 1()()- 150) wastes annialv. ,-\ waste exchange acts as 
inl infohrmatitni clearilghoiIse andt wrates ton the prili-
pIe thit ('t fat lot\'s waste can h mnther's feedstnck. 
Tihileaders ii polli)hti i preveutioti tmw are the [fideral 
IIep)iilic if (lJ t iim', [rirte, the Ntthrlands. ;ili 
Swetli 1); 

ihe shift i (enIphasis from i)tIllittiti citnril t pll-
titll ioettliitll, httiwevel, will rentali uml ertain ;tl(i silt-
tIe. Most etivoittttetltalists alld governlenlt officitls 
lit-lit-vt- that etititlticllcttntives altle will tI mtiiv;ite
indtlstries totlook iir w;istt, rediititin i)p)trlttiitits itt 
their i)peratitmis. at latsl iii the short teri. lii a suirvcy i 
tow lapait, (inait, S'%vet, l)tittark, the Ittdetal 


Repui lit it (tt ttvat, atnt the Nethwrlnttts tpproatclh 

wiAst, rt ituti iifts I liVersitt\ re-earcir Kennethi 


.

itisrm fotutiil thzt thes, twt--r ntitts are it.gressive itt 

)I )i, t i - Itow- t )i1 I .,l'wastte techtII(othiges sv den tI f)r
o'xuit'tpl, r.-ctntlY (-stalisied itft/uiltise liad thit tion-
siitr, w,'as-te, tht(tlitl ittissititi tq t-rating, peinits tt i 

ilt iusti's I) mmrk :nd hile(N.,thi-rlands havt estalilisht I 
titmlit-eti't teclhial assistiltt,, .iatratories to work with 
C,,tltglilnit.S ltl I ,dr;it l tpIlic oif ( -rlnatv atd Ntr-
\%av Inm t il- lat* sh "ti i vith grittls Pi, 


"'I it is -I'tt t tthait gitveriiitt ilitl licr
I!.t lit t' t' (';iil
stilfI the kiil( ittitnvatit( tht ttullitms likiMtHt, ;NI

(,rlttiral ttave ltiuttierttd 1lPt. \.+Sit lissi )r Michi.l N 
v-rcitshi ,rtli llivr'sitt'at North ( lta Itat, iv)tIts "wuisti-

tdimiinittm is imuIi nitir(. itthitiglit p)rwess or prot))lm-
sIiv'int <t'lwu t Illiii attitulits t)gt()frther hack int ) 
tPt- -I , i ,tet i I1mlit,,: thatlprss call eit 
ll;ilsnIw.l retintiis t i. iI i(lltitm prt,vlti(tfs primtYv 
th~ilithttng. 

Esca thl Coltsts 

B'tnt. Ith'- tttsts (,f oifttiazarthus waste ilisposal ire 
ltiunti, \iatst, haidlin, firis--hllt privtate il 
,ililit--it. l,, iiig fotr bitter, cltalwr wavs lto leat alld 

dlislti s, (it higihlY toi'ic wastes. Withitit dtitil the ((sts t)f 
dialinm, with ilthtstv',; hazardttis byproduhcts are risitg 
In 1983., l.iin-ai ttlltltries spent rlttgti" $1.3 billion tt 
tdis- J ( t itaitttl;1/ul()tls wlstes 1,i. ihid 7illl)'jt ['.S. 
1ihitrits sltnt ;ttt t'stilnat,,d . Itillitnitmb. hard-;t 
(Ills w.vasti- ttlit-tit-nt I1:2. 


'lhl, -liVirllll nl~ltc()sls )f mIdJIn1:1;1a inpL. h alxaidtlls

itt i itvuritttenutlcosstettugitg bv~tthtisii 


wastes, its witi..std ill virttl -l -vrv ii(diistriali/ed 

itltittrv, ut astrtonomtiital.\td (is ll; jr getti-rattirs of 

hlz hultis r;tnain hiutll, mnistatkes. t't-wastes for p,.tst 
tituuir ;tnli1 tegttiuitttrv it'x-tivevs ftor cmilplyitg with luz-
uttoits watst(- r il;itttts tititiw l(t -it t'lli,llrt r p iti~tsi-
lilhn aatiit'nt. 

Trawsboundary Shipment of Hazaridou.s Wastes 

Although inithe I iitt'd States ,ittttt 9hlip)tTitlt if all 

hu/atdiis wasttes gentrated itch "i-t iri treated tir 


tfotnsi°t. is, withinilisp st-d that facttrv gti' tln(s 112). thet 
trallsilil(atry trispiirt of hazardtts wastes thrtttilth 

I-1tnt)e is it growing. troublestnom phennentint 


It is nearly itmptissible for countries ttkeep track tif 

traistiottinlary shiptments. 
 "Trip ticket" systems of follhiw-

in, wates tro m cradlh t( giave--like tie higily efficient 
West (iermnian :,vstttii--,tnd at tinhorder (t:!.U. Thus it is 
tlffieutt if ntt miissihl. for tiials to follow the 
wastes to their filial destination, to ensure that the wastes 
are propel handled and disposed o-f. ()nt- wastes cross

ordTrs, they .r als-o 11liet to CMIfliCtilg regulations:
what is (otsidercd ti)xic ill a Lpvu(illtantity ill ole olin
try may llot be regartced as toxic in atnither Although 
I)tl the Iiropema (inmunity (.C) and (),CI) try to
 
rewulate trarimsb,;lartV shi)menlts itf hazardot us wastes,
 
(> th tleIX has inania,.ged to introduce uniform guide
hlutes ill its llnetitier c'ittutri-s. 

hitt the shet Illagnittlde () the problhmt makes 
tnal;igentuit -xtreneln v diffictult. In 1983, approximately 
22 tmilliont ltwtric tits of hazardtis wastes made 
l0,ilt 00 bltrtler crossings in liirop l:12i. That same year
tti. iUl average, (-(-veryyil'), al)tut 5,l)00 iniernational 

shliptetnts tf toxic wastes tot)k piclit Ii North America
 
(n 1)stly hetweell tlie I J hitetStttics ;itld ( llada) (126). In

()F(Ci) (ttttntries:t,attti+lo of hatz-ardous wastes crosses a
 
nati ital every 5 mit hours a day,
frult ,r ntes.24

65 daitv, a vil. M tlav of these carg ()s J S'Ve acilOSis 

trttitiers ftrtreasons which aretbotht sensible and legal,'
 
:+i,,s lit ()li'l) otffcial, "Nit certain crttssinigs tccur
 
i)cct'iIs colllttit ls tr(ilItIa]<+ latet " .t17).
 

T Iltitti0iit ()f hilaarditls vet,s heitlti hiplped inter
,ittlallv is incrt-asig. Ihetweetn p182 and 19183, :he
 
uititit of wastes ship)ed abrad fotr final treatlte1t or
 
disptts.al ill another country virtually t in OECD
doubled 

Iiro)p (128i. Part of titiexplanation for the increase in
 
ttaistiatitnal 'hiplienlis is the fact that as legislation
 
tigihtuns itt (one cittittry, it'(tasinI!g disposal csl, sollie
 
firms fintd it (heapeer atn ititre t'.tnvenient to shilp their
 
Ptxi. wastes to neiglhtbors whose disp)sal re!.liitions may
 
he h'ss stritigetit. For this reason, the market e,'onomies
if I'- ), ae shipping more wastes tt l'astern Europe 
ftr fitial ttrwatniit and tdisposal. In 1983, 200,00U0)-:3t),000 
rietric tttim (if txic,wastes were shipped front West to
 
Vast fir this lpttst, 12 ih Nearly all were eventually
(disposed (if (tt or ilt land-based sites. By one estimate, 
the number (if such West-Ilast waste transfers is 
10,i00)-20,01)0 eac'h year Iii). 

Althotugh tiitit ()I+(f[ natimns regulate impoirts and 
t-xl)trts t)flit-darttis wastes, relatively few regulate haz
urilnls wastes tht are mereIv in transit. Hence, almost 

anl.vt ll}mCi ca Ims 1hrholh I/n tis, ]llllp S uiS l((l
tivtittiglul his ttrittgt mst cotunitries, stolong as itst-stinatitm isvtsewhr(-. t'ven if a (ountry regulates 

imiportation hail'ta-dotls; wastes, its provisions 1my fail tott 

specify the types t)f tttii itmports that waste firms may 
act-ipt. Il 19,8t, the ()IKCDI)Waste 'Mallag,llerit Policy 

ret ',p 


ufolh,winglpriliill's: I)cinlte.lt authorities should be
 

+ 't illnId'd that all ()F '-I)nenuers adopt the 

ettpi vl dt, liti iihit wa.sti e-xports in given cases; 2) 
vastes shttlhl ft ,i It.' expotrted unless explicit consent of 

tht' iptitigni ci litry utti1 th tit('it csel.nt of the transit 
cmitlitr\-v ai availalhe aid iIhcss the wastes are directed to 

t alt quatt- disposal facilit,; 3) lt, exlptirter is sure that
 
ltte prtps-d disposal tlieratii t,lie perfoirmedl in an
 
ttvirottntally sitld manier: :tid i 
 either official con

tats with the crmpetelt ant htoritits iofthe i)lrtirng coun
ry shotuld be initiated by th exlprter or stuch contacts 
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Hazardous Waste
 

should be initiated by tiet( authorities of the exportin trolled, centralize(] systems of managenient and disposal 
countries on the basis iof informuation proivided bl the hat minimize the amounts of wastes dumpled in landfills. 
exporter II.31 But despite safeguards aid watchdogs, abuses have not 

The frequency of transboundarv shipnents islikely to been eliminated. The United States and Canada on the
 
grow, esp ":ially from North to Siouth,ias deveoping c011n- other hand, have instituted decentralized systems that
 
tries iccept hazardous wastes in return for hard currency may encourage more innovat;ve technological solntions
 
or needed industrial hardware. Clhina, fir example, b1it that have not yet co ntributed to an effective overall
 
reportedly proposed toaccep t toxic wastes from tile Fed- managelment structure. "0o nuich toxic waste is noit
 
eral Republic of (;ern nv inexchange for heav v managed p)rperly and ends ip in hazardous waste
 
inac nine tools and related 1e32)ipnentThe problem, iafesriards.
:'2. dumps with inadequate 

Of course, is that the hazardous wastes most likelv to be Clearly, national policies . garding hazardous waste
 
sent ti dc,'eloping countries are those that are consid- management must he improved. With some notable
 
ered most ioxic and therefire the most costlv to handIe exceptions like the Federal Rep )1lic
of (Giermany,Sweden, 
in their country iif origin. Nedlog 'lhchnology (roup, a and Switzerland, most national govermnents need to 
1:.S. Leone to identifying and trzacking hazardfirm, reportedly offered the Prosideit of Sierra devite more resirces 
.$25million for thi right tio send toxic wastes to his ciil- ous wastes, developing new technologies and building 
try fior disposal, an i;ffer that outraged many African ne. facilities for tile destruction or recycling of hazard
leaders (1i ). A that developing countries researching the health and environmentalcommon iear i,; os wastes, and 
will import environmental nightmaes I.,. (A report ti, effecls of exposure to hazardous wastes. 
he pulished in late 1.987, sponsored hy the %VorldBank, There is also a need for concerted international action 
the ilnited Nalions, E'nvironmient P'rogramme, and WHO). to control the transport aid final disposal of hazardous 
reviews hazardous waste inaiae ment inthe Third wastes. A number of institutional frameworks could be 
Wvorld: it includes case studies Of Mexico, Brazil, Malaysia, used to initiate an international agreement, but two 
Thailand, and South Korea n organizations working together-the Economic Comli.) U.N. 

mission for Europe (ECE) and the United Nations Environ-
CONCLUSION ment Programme (t NEP-n-might spearhead a new offen

P-ubhlic recognition of tihte wastesdangers of hazardous sive against toxic wastes. These two international 
isrelatively recent. The industrialized cou',tries of Europe organizations could begin to initiate comprehensive 
and North America only began significant regulation of negotiations aimed at controiling the transboundary trans
hazardous and toxic wastes durig the past 15 years, and port of hazardous wastes, and to establish international 
most developing countries require little or no controls of guidelines on types and quantities of wastes regarded as 
such substances. As a resuL., many countries are living hazardous or toxic. Such guidelines could serve as a 
with serious problems from prior uncontrolled dumping model for nationiJ legislation, which must become more 
practices, while current systems for management of haz- comparible amniong countries for real progress to be 
ardous and toxic waste re-main incomplete and incapable made towards solving the toxic waste puzzle. So far, 
of even identifying all ha;!ardous waste. efforts have been limited to Western Europe and North 

As discussed, there are a number of fundamental prob- America. The umbrella of international negotiations in 
lems involved in hazardous waste management in both this field should fe extended to cover Eastern Europe 
develope,- and developing countries. First, there is no and the Soviet Union, the developed countries of Asia 
agreement as to . hat . ,ntitutes a hazardous waste: defi- and the Pacific, and eventually, the major generators of 
nitions vary greatt; :rom ,:ouitry to country. Moreover, hazardous wastes in the Third World. 
littleisknown about I-eamounts of hazardous wastes The ECE-UNEP framework has two major advantages: 
generated throughout the world. The picture is further first, the ECE administers the Long-Range Transboundary 
coml)licated by our limited understanding of the health Air Pollution Convention, which includes orivisions to 
effects iif most hazardous wastes and the fact that large encourage the dissemination and use Of low and non
numbers of potentially hazardous chemmcals are being devel- waste technologies that are crucial to reducing the gener
oped faster than their health risks can be determined. ation of toxic wastes: and second, UNEP is alreadv 

Management is also haumpered by a set of technical involved in programs aimed at managing hazardous 
and operational l)roblems: wastes in the developing world. 
* a long history of uncontrolled and Illdloctumiented As mentioned ear'ier, another pressing need is for coin
dumping; prehensive data on the health effects of potentially toxic 
8 failure of the primary historical dispossal method- substances. Increased support should be given to the 
landfilling-to protect the environment, even when per- International Register of Potentially lxic Chemicals 
formed under controlled conditions; (IRPTC), administered by UNEP in Geneva, Switzerland. 
* high costs of and limited facilities for complete After nearly a decade of hard work, IRVIVC has compiled 
destruction of hazardous wastes, and information on more than 6(10 hazardus chemical corn
* limited technologies (with many still under devehlp- pounds, including known health effects. Much more 
nient) for improved handlinn, storage, and destruction oIf remains to be done, particularly in encouraging chemical 
such wastes. industries to cooperate. 

In the face of these largely unresolved problems, many Finally, hazardous waste management must move 
European countries have responded withol tightly con- beyond dumping. Industries everywhere need to he 
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encouraged to enerate less hazardous wastes in their policy, but a last resort. Such steps are necessary if themanufacturing processes. Although the toxic spigot can- world is to continue to enjoy the benefits of modern 

cled 'and reused or destroyed. Dumping should not be a soned environment. 
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14. Elements of Success: 
Sustainable 	Development in 

Sub-Saharan Africa 

Sub-Saharan Africa poses the greatest challenge to world 
development efforts to the end of the century and 
beyond. Recurrent famine there is only the symptom of 
much deeper ills. Africa is the only major region where 
per capita income, food production, and industrial 
production have declined over an extended period: the 
only developing region where development appears to be 
moving in rever;e (1). 

The environment and agriculture are at the heart of 
Africa's problems. Some 71 percent of the labor force 
works in agriculture, and 77 percent of the population 
lives in rural areas (2). The health, nutrition, and income 
of the majority, overwhelningly smallholders, are 
inseparably linked to the progress of agriculture. !n a 
continent where inputs of fertilizers, irrigation, arid new 
seeds are the lowest in the world, agriculture deipends on 
the health of the envircnment, and vice versa. 

In recent years. Africa's farmers and herd -;, its soils 
and forests, have oeen chasing each other down a 
vicious spiral of environmental degradation and deepen-
ing poverty. CoiveItional development efforts by donors 
and governments have largely failed to halt the spiral, 
indeed in some cases havc aggravated it. The need to 
find solutions is urgent. Africa not only must increase its 
eneigy and food output in !ine with rapidly expanding 
populations, but must do so in a way that preserves the 
resource base and enha ces tire welfare and income of 
the majority, 

Despite the generai landscape of failure, a growing 
number of projects and programs-governinental, inter-
governmental, and nongovernmental-have succeeded, 

This chapter examines some of those "success stories" 
and attempts to draw some more general lessons that 
can point to a "recipe for success" in sub-Saharan Africa. 

The focus for selecting case studies of successful pro
jects has been onl projects and programs that have long
tern potential for restoring and sustaining the natural 
resources base, have anl immediate positive impact on the 
well-being of individuals and fan'-lies, and lead to eco
niomic growth. These case studies are not the only exam
pies of success in Africa, nor is the concentration on 
resource management and agricultural development 
intended to suggest that lorig-term development of the 
countries of sub-Saharan Africa won't also require the 
development of industry, the improvemenit of govern
mental services, the reduction of civil strife, and progress 
on other fronts. 

African governments and institutions have been making 
progress in cealing with these other concerns, reshaping 
policies and loans, adjusting programs, and developing 
staff competenc e. FIor example, in the face of the food 
crisis brought on by the most recent drought in 1983-84, 
some countries, notably Kenya, were successful in 
anticipating the need for food and implementing the 
necessary relief programs to avoid starvation p:). However, 
successful relief programs, while vitally important, do not 
lead to sustainable developmellt. Similarly, inany research 
efforts are underway in Africa to develop improved staple 
crops, increased resistance to disease among cattle, etc. 
Tho International Centre of Insect Physiology and Ecol
ogy in Nairobi has been making good progress in 
developing various approaches to combatting the tsetse 

221 



Elements of Success 

fly, which is so( (lestructive to people and livestock 11i 
many parts of Africa. But research prograns take a ilong 
time to bear fruit require transfer ofainld the widestiread 
their results to the field before complete success call be 
achieved. 
This chalpter focuses directly upon projects anid pro-

gramis that h;.ve been implemented su'cessfullv in the 
fild. 


THE DIMENSIONS OF CRISIS 


The populationl of sub-Saharan Africa is growing faster-
than ever he, ne, and faster thani iv ther region inhis-
tory. Ile current growth rate of 3.2 percent a year is 
expectCd to persist until ar nd 200)5 before it beginis to 

decline. (See Chapter 2, "Populatiorr arnd lealth.") 

Total agricultural product;i has iIcreased, but Iotfast 
enough to keep pait, with this pIpfllatioigowti. hle 
result has Ibecii a steady decline ili airkcultura! produc-
tion per persOn i)ver almost two (ecates. lithe low-
incomie couintries, for exaih.plc. per capita agricultural 
production fell average ).I percent a yearby ain of 
l)etweer 196.5 and 1973, and by 1.5 l)erc-nit a year fro 
1973 to if). in198.1 Per capita fo(,d prodic!i.in 1982, 
before the drouiliht, was 1]plcert lower than ilr 1969. 
In 1983 arid 198,1 it was 1G percent hwer 1,7.The result 
hras Ieeu t stuadiv ilcrea;itg depeideunce oi food 
imptrts: cereal imports insub-Saharan Africa rose by 155 
perceut ii the decade fr;nt 1974, food aid by 1 5 prcent vi). (SCh (apter 4."Food and Agriculture" I:itt' 

. .2.) 

Ar e1!hit.asis ()ngrowing cash cro ps for export is otftern 

blamed for the decline in ftud productin per persu il 
Africa. but infact. per capita cash crop production 
whole hras drpped I v rtire thaiiin carpit a foid troditioe.Between 1971 and 1981, w,,hile food production grew
tby2 a 1tyear iiiuf cashi ffee,ierert l)rodl crod(co

cyc 2, tea. fibers, ptt)ac,,ruilr O wi olri mainited

stable. Ftr a x tbcctsiy
(ti.,crssitt
tf asiand ftecd 

srtps, see Chipter o.."Ftod aind A fctricaulture. 

Sincee atverw hehiig anajority of Africans are small
farmers, these trends have meant a steady clinre s 
family incomes and ii rise i.the nuniher of people in 

poverty. Between 1973 and 1984, per capita (ross
Domestic Product fell by an average tf 0.9 p.rcent a 
year inthe low-income ctountries, and by 1.,1 percent a 
year iii the iniddle-income countries (7. The Internatioiil 

o r Organ isatior estimates that the niube r of pe)1e 
inabsolute poverty ii \frica rose froin 205 million il 
197.1 to258 rrrilliin inl 1982 ,.q Te nurber of act-tely 

mahnourishtedtmal oursheptetple sihtwel a steady rise,
pc pes o w t v mir81 itil-e,fri 8 
hour in 1969-71 to 99 million ill1979-81, before the latest,
famirn' brought about by tlre driought of 1.983-81 ! 

'rhe Debt Crisis 

itat the 
receded front rost of \frica. the financial crisis is a 
more serious short-teri hazard. jeopardizing devhopreiit
efforts. The crisis has grown out of the structural weak-
ness 

Nu h unirediate thrtat of tajor fanine has 

of the African econoimy ann its depeondeirce on pri-
inary commodities with fluctuating prices. most of which 
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have declined ill real value over the last two decaces. 
(See Chapter .1,Fo()od and .\gricultre.') Between 1973 
and iN84l, of 25 commiodities exported by African couon
tri,:;, Only 8 saw even a nominal price increase, and the 
volt, me of exports increased for only 5 (1tn.The terms of 
trade worseoned Over the 1970-84 period for no fewer 
than 17 of 22 non-oil exporters (It). 'Total debt more than 
doubled from 838.5 billion in 1978 to nearly $80 billion 
in 1984. The cost of servicing the debt took a mounting 
share of foreign exchange earnings from exports, risingfrom a inucre 8 percent in 1979 to 22 percent in 1984, 
ard an estimated 33 percent in 1985 !2).

lital net flvs of resources slumped, at the time of 
Africa's greattst need, froirr $8.2 billion in 1982, to only
$2.75 nillion two years later. Aid stagnated at $6.9-$7.3 
billion while net private flows, which had brought in$4.2 
billion ilI 1982. turIed ncgathvu and took out $480 mail
liorr ill 198-1 wq. 
The fiuancial crUich hit governirrent budgets Iard--37 

of .12 African goverrinents cut their pet capita expendi
tures betwee 1980 and 1983 (I.). As jobs were politically 
hard t prune, cuts were often made inthe hardware:
school supplies, iiedicincs, and spare parts for vehicles
 
and water installations. The effectiveness of government

services, frori agriculture to education anol health, hi's
 
been dhlastically curtailed (15!.
 

The Environmental Crisis 

o
 
Most niious of all is tie environmertal crisis, which
 
threatens to antdl
perpetuate deepen Africa's other prob
lers. 

Assessments of its extent call only be approximate.
 
I'he United Nations Food and Agriculture Organization
 
(FA(O) reports that Africa's T03 million hectares of

undisturbed forests in 1980 were being cleared at the rate
of 3.7 million hectares a year-or 0.6 percent. L.)cal rates
ranged froin 0.2 percent for the vast Cam eroon-Congolese
forest illp to .1 percen ita year inWest Africa. Deforesta
tior outstril)ped the rate of new tree plating, which was
only 126,000 heetares per year, by 29 to I in;). At the

saime tiine, 55 million Africans faced acute scarcity of
 
fuelwood (See Ibrld Resources 1.),,"Erergy7 pp
 
111-11ri.)


l~esertification affects prirarily Africas drylands. An
 
asscssnent for 1983 suggests that in these areas 80-90
 
percent of the rangelands, 8(0 percent of the r--infed

rcroplands an] :30 percent of the irrigated land may be 

affected at least moderately. Of the dryland population of 
118.5 million, 92 million lived in areas affected by deser
tification, 52.5 million of them1l in severely affected areas1.)
 

iStil erositon is widueslreatl in all areas oif sub-Saharan 
Africa. It is perhaps inost serious illEthiopia, where top
soil losses of ilt to296 metric tons per hectare have 
hen ieported ol 16-percent slopes, but even moderate 
:,iopes can erode rapidly when Unprotected by vegetation.
In West Africa per hectare losses of 10-21 metric tons 
rave beetn reported on slopes as gentle as 0.4-0.8 per
ciet, and of 30-55 metric tons ont 1-2 percent slopes (19).

\%ind erosion, significant indrier areas, can of course 
affect even flat iand. Even more serious inthe medium 
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term is tie gradual decline in fertility of all types of land. 
cWlateer th preise extent of itinsade'llopments, 

i:s:clear, thatin almost all snb-Sahirn¢outries the long-. 

reduced at the' same time the continent faces three 
decades of its most rapid population growth ever 

agriculture, It shares with other tropical regions the prob
lems of rain that falls predominantly in erosive down
pours, the stress of dry. seasons on vegetation, the high 
temperatures that accelerate the decomposition of organic 
matter, and the absence of a cold winter to kill off pests 
and diseases. But Africa has additional obstacles of partic
ular severity. The continent's soil resources are poor. Out
side the fertile soils of mountainous East Africa, most 
African soils, are derived from ancient weathered rocks,
highly leached, low in 'nutrients, and with a lower clay 
content than in most other major regions (20). As a result, 
fertility and water-holding capacity are both lower. Only 
19 percent of Africa's soils have no inherent fertility limi-
tations (21) while 55 percent have severe or very severe 
soil constraints (22). (See Figure 14.1.) The low clay and 

makes many soils highly suscepti-organic' matter content 
ble to erosion or to crusting once their cover of vegeta
tion is removed. 

The climate is problematic. Outside the humid zones, 
.rainfall is highly variable from year to year-by 20 per-Cen to40peren te man yer.upr dwnfro ac 
cent to 40 percent up or down from the mean each year. 
(See Figure 14.2.),The risk of more prolonged droughts is 
also high. Two thirds of the land area faces high or very 
high risk of drought, with the probability of two or more 
successive dry years occurring more than four times in a 
50-year' period (23). The Sahel faces the additional prob-
lem of unusually wet or dry periods persisting for one or 
two decades. Even within years of "normal" rainfall the 
rains are spotty, and dry spells lasting weeks can come 
along unpredictably at key times in crop growth cycles 
(24).' (See World Resources 1986, pp. 124-127.) 

Africa's tarmers developed traditional crop-growing 
methods adaipted to the continent's difficult circumstances. 
The primary adaptation was the system of shifting culti-
vation. After a year or two cf cropping, the plot was left 
to revert to bush and forest. In the fallow period, nitro-
gen and 'organic matter were restored. Trees and shrubs 
lifted other leached nutrients from lower soil depths and 
deposited them on the surface with leaf fall, while vege-
tation cover protect&I'against wind and rain erosion. Fal-
low areas also provided grazing and fuelwood and many 
other forest products (5). 

On the cropped area, the simplicity of traditional hand 
tools 'ensured that tree roots were left in and that soil 
was not deeply disturbed. lntercropping was 'almost 
universal, often involving complex patterns of association, 
providing more protection against erosion and moisture 
stress than monocropping (26).' 

Shifting cultivation depends for its stability on abun-
dant land. As'Africa's population has grown, making 
ncreaing demands on available land, fallow periods 
have' yadually been reduced in many areas to the point 

Figure 14.1 Soil and Climate Constraints 
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Source: PaulHarrison, New YwIand PaladnTheGreening or Africa (Penguin Books 

Boks London npress), raia taken from United Nators Enwonmenl Prograee
(uNEP p) of ,,ser,,,, m7Hazards (UNEP. Nairole. 1984) and Unied Natons Food 
and Agriculture Otganiza7or (FAD), 'Report on the Agro-Ecologc'l Zones Protect' Vol.1 

eWd so; R ee. No. 4 (F. Pon 9), p 107. 

where they are no longer sufficient to restore fertility or 
to provide adequate grazing or fuelwood. In other 
regions where shifting cultivation used to be practiced, a 

:gradual change in technology and an increase in inputs 
have compensated for declining fallow periods (27). In 
some parts of Africa-Nigerias humid Southeast, the East 
African highlands--considerable intensification of agricul
ture has occurred under the pressure of high population 
density. Elsewhere there has been some intensification, 
such as the gradual adoption of improvee,' traditional van
eties, and the increasing use of valley' botI tom lands with 
hand-dug wells, and so on (28). But over Thost of Africa 
the increases in inputs and conservatio:i measures have 
not kept pace with rising population densities. 

In many countries, crop yields are stagnant or declin
ing, fallow and farmland are overgrazed, anid fuelwood 
needs are met by depleting the stock tather than by replant
ing. Vegetation cover is weakened, erosion accelerates. 
topsoil is irrevocably lost. Why has Africa not intensified 
fast enough to avoid the makings of ecological catas
trophe? 

Other environmental factors are partly responsible for 
blocking the routes to intensification followed by Europe 
and Asia. For example, trypanosomiasis, the parasitic live
stock disease carried by the tsetse fly, has blocked the 
development of mixed arable and livestock farming over 
the 10 million square kilometers affected (See Figure 
14.3.) It has virtually banned large draft livestock from 

,DMlewuces 1987 ~~ 
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Figure 14.2 Interannual Varial)ility of Rainfall Of most . iciica nt ha v e en g rn lentalis_____________________________________________________s___._______________untrietsAricnc untres.nti4itiltit i riilttrcrhha.,rrr 
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the Imid areas. aiid eriforced the separation Of cattle 
aid tgriculture duririg tirerainy seasr i,!tihe sit)iilih id 
and1(1 [it,('h ()fthf sen i-arid zoiieS (s-9). 

This separati(,i tflias also conitriuted to .-\frica's pe.culiar
 
labor slirtlge: hmliani labor acc(ttulnts f,)r84 perceiit of 
power inputs tt aiqri ulur, iII Africa, against only I6 per
celil ill lh,' F;l 1Last alld 5cl ptrcelit illLitin Arerica on.r 
T'liclabor shlirtagL Isict,-.sificd by iale migratirm ftr 
v'trk arld te sexual di .isii icf la)tr-wOwtin proILdue
 
aii esic ated 7() C:1ltOf suisistenCet ,,ts i
Is iSli.-

Siahraill .\frica ws weil as )erti rmhiig th tirts tasks
Ine 

()fwattcr- id wtmd-l:tching almg with child care, ccok
r .cud o4 ic I ) hislihir ihi ,ge leads to lite
 

h ti wVet'ii 
t'! st to alt cir.iltt'. e, tir(c( clttrvlilleth ds. 
'Theturitvai!ai)ili,, of water resolurces prtbal)ly iiinderi(" 

lile( etncrgi-iece (f extensive re-ctderi irigation 

1l,ltiL , rle aid hiSf y eds-aidI scs( bsti

schemnes. Becaujse t)f its generally flat ttojttgraplhy, .\frica, 
has less surface water than Otther
r ticio and gruld-

atcr is ([telldeep anld tliffit ilt I(cbtaiu ot ).i 
Bfut hunarn factocrs are tquallv to Iflaine fo~rthe lag ill. 

kilt rsifialiti (. if,iithwse ha giciert,,'eii Imcertaiiltv 
ove rOwn crship r ,ts,aid raun1)ilcnd, fi .- gelanrds il ,\hrica . 
(tCOrllmlll rtit,,s tcaditimlallv thc Illrill, but this isll ('tlt 

phas idng g r i d l,, i toh(it, laetoiwfiid ii,d , ()I ()[tetrol. ll( 

iniheritabtle and illt plat- .s sldobt. 1itw',,er. since 
colonial times htg.l v)wrwr;hi) (4 I(d, hirests, arid' 
pastures ill most couricis has beeil vested ill tlhe govern-


ie I
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been low. State procuremlenit agencies have paid generally
hlOv,, fti fmt)td cops to Frovide cheaF, foodprices for the 
cities, cr thiev have siplhitired Off a high percentage of 

receipts as 
have been kept artiticial high. This has depressed the 
'rnilrs iII bttal currenciets htr (-xpoirt crops aind made 

(,,,ash )rp tisguisdExchange ratescrcash taxationi. 

-o
inpmtstr artificially c ap, depressing the market
 
price for hone-gr wn ft)od cr lps,
like millet and sor
ghum, and shifting urban tastes towheat and rice, which 
are costly or imlOssibh tog),v, inimisl Of Africa. 

African farmers thus have had no inceitive to increase 
their Output ()f either cash crops or ficod cro)s. They 
have been stareiOf the cash earnings with which to 
make iIvesthieirts illrl[rCiha.SeC irplits, from fertilizer to 
better seeds tr tOols. ,\t the same tine, low prices have 
not made itworthwhile toinvest ill
extra labor illhome-

J) ,(1roiced
inputs. fr n conpOst toconservation works. 
Itw p rodtcer pIrices have perpetuitVn ed l w-iin)ut farnning 
an(t dis'o.t-urge(I investmenit illprOtection of the natural 
resource basti o:cc. 

A Catalog of Failures 
(ov'erlrrrelt aid aid interventions have been less Success

inAfrica thanfill airywhere else. Africa has the highest
failure rate illWttrld Bank projects. A review Of 994 
Word Bank projects evaluate(I at conlietion between
197. and 198.1 found that a global average Of Mi percent 

Figure 14.3 Zones Affected by Trypanosomiasis 
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lailel to, illle\r thteir ii) i ves: if] \cst \h t . tht ftil- til tlie sliall m) ucttiir ciicn Itillto solve the 1 )Itduictitii,
IIrN raIte N s I,+ .,\ hI-ick 1 1t lt (list rilhtltit l 1, alld c.4)1 pro )hIlnls.wa S I) -rc t It , i I II I I ' II,t 'i24 Itlt is( rvilt it )I 

+ .-\ - ir hilt I lilt' f,, ptr lt t f iktII It I, ) cs I)i tI, tIIi I, Iu l~ c kg I-()I d(I , )lt I r llcrict St I)~ 1 II + N st I-;I It I f f iiIl.uIrt'. (III 
W'.it ailr:1% ritt- of '0I1 p -l-tli~t ill \V,,.I Aflric'a ,imd, w )< timal allot 4-nivirt~m l tal i oje lts ha,I succteethd - ilIf 

ltss that :-d ptre.t- t ill I Attic, ilL_,+rsttilI v 5 per- sitillt tassSlottta ililarly-iid a oIitiltir tif plmiiii:hLil ft 

tillt ill <illh .\ ,i~l Ottchltlm tiltr-ged cotuild
C;h. its have that solve these three 

liht, hlolw -ltt'lll p~t'rfto)rIIIIllt. ()t ..\licall j1I()j'cts Illav h~t, cenltral p~robh~le s SiIIILIlt,'IM I~SIv. 
,4\tII ,,Sc. ITht, V, Ild Nmt~k Itdlhm'ved ilpt I. ..\fltwau 

T,rIulttal im, (t ts, t tlti , \'Ii afttir t'iiwd htliirl 3JILDING SUSIAINABILE A(;RICUITURE 

lwictnts. f! i litir ; ~it itc id wtim s (o.ii 2.7 Aln increasing ntumber (of ((,mtries have begun to iniple
-li-ut-,i hapi ,; .. [)(I'( I- I t-t t i i t i,. i wi ciil- t i..,.+ ..... r +e -dt-n!:tn resilting ill 

till al I lld '11i t]wJ ild I,+wi't'., is d'h-;l P c\'hhlwCt. if swift re.sp onse,;tinl increased miltitt. They inlu~hde "lTlnZa
hl + !1 '11 i r)I( NI.-IuIitanili. ild (IlUitl alla tripled thet thill I'()vt '[I I [I t1 ,tlh ~ pt +i'';q 1 1 uIn It all Ilia. Zair-e. ('d 

kilndsttik l\ til! l .t ,,,.]Ih, a price ()fiii ii' ill 198 Iltl effecttd large d:evaluations itl
lh,. i,,,li,v , ,lidti i t --l.,v. t i -,'., l 1981-S5. As a result, l iizt- pi thictitn ill 1984 tripledtlualir 


in>tilc t ttItltu .-- , t,i tir >rt (f llailtt., hilt prtij- ,overthat ,o P183. mid was two thirds ab)mve pre-droUght 
,.ct'li-titev hi It it tln illjtr r>pttts. list etii lit 1981 /.ai ia raised Oe ifficial price of iliizeh,\tls 
ltrtjttt !ttlutil i in ,. t .\ttct ti . t iti ttil rOili- hv 12 perceilt it rtt! terms after substantial devaluatiorns. 
ft., t1g., lsllltuL u lttcrilpili- ii-tti it !l''tI illi Tlt , a uilllt o(f maic inarketed ro~se an estiriated 55 
uhfli traitit plii l i hiitin t;irit pertillt drin 1981-85 it i ine close to nmeeting Zami.g

llt'th ,ts ,'11S€oi]k thal , ulll lt %I t'll,' dkiittuhed ,i:, littht, hi~f'; nced(s fo r tilt( first timel since 1976; c:i7a 

,is lissitlit 
Siti id,,t till.d t1 idttit it i ir, ri'alItw', Itli#- Case' Study: Zinba',''e Maize Miracleifr,,I, tll, i 

,(d \frir+am hiiiwi-+,. \%d t) w irkl'-: imd(tr ta i lwi tr id o in-

Tiit li ,Yh ciO,i' if li ts, ill tId itim i l i1 1 Iktlll ps tile lil()St dralalitit tr;ilsfortiliit n ill Africanu.r;lints 
t ottd tIIlttiii >tl , l\ It ,iif.. tic'rii-t, aitlil Zi i bitahwe's hlatk farm ersitimal . t'. iti tlit 'tluit 'I agriciltur hlas 

rtt, is 1I4if casli lb] i . ;,11(1 rt-Pi' tihi i t tA , i Sillce the cm nlltr*v a+h ,liedincdtpel dencl in I1980 :o). 

AuF\ aI\ ,id tblhtrisk 'Iet l:i , , , ha i t i lkIItry t, (.e tt,ti .I].) 
linl~tfhi~ttt i'tnlaf lli lilf lahb, it lnpt>. i iifil h ,l, the flrmer regiime, white farmers (,it preferenraftt:ier 

utla+. th~at lovil\,hiitical il~ls I lIP.Sl)tirt's ,if tial tir(lcs for their oaize. aid preferential ac(ess t)
r ' 

1979 they were gettinglilt. silt ltl tiFF v I-,r thait risk litmw r rtlin s, illhild credit awd exteisioin advice. Ilivfas h+lt, i Hitsr; t).siI Fru+'it" nlaize' viebls tif 5-1; metric tinls a hectare+-on a par with 
"Th. tlmrl iliu, h, s lw tn c t, to (alada irFranmc. BY cmintrast, the neglectednt conilmrnal 

farmers witrtting a ieager 0(.;-0.7 metric toins per 
t il lIt' ilalht it l rtialltlts tif \hlciol Utvemnlhi' auntl .. i 

Itlt>+. iiiilti tlit'+i . lrttits th-at iiiiilvi.i linih m er, llt hiectare--wtell ltIw the .\frican average of 0.9 nmetric 

,,Ists. h i p ittl, 1?i hu hi -vil ,i-pet(r ,r gv nw"Ies. 

Iltlit 1l1)Ut .\s , i a fl, tI ilmt ia cijig d anlT tiirlrariund after iitle i(lence in 1980 was dra, icitMa 

ti' llati,,tlal I\lF II-Ftt'lI had to tAkt vii slRcl rijects niatic. By 1985 average inaize vielI ds aliolig black 

f culn t, vt/llir;tlh, tio 'III- i litt and pubhlic Sl)ls etding farmers had thilled, and yields of 2.5-.1 metric toils per 
(Fits atllti ,vitaltlv alt',, t i y c.it's,~ himic ft ,,. , , hecta re were not i itn sn al iin the nu ,c favared re g ions. 
t.xtha , ;Il hildgt trist.., tAf ricakd(h n , vehis The tlack farmers harvested nearlyif 1.8 million metric 

I tons (fmaize iin l98-5-nore than three times the 1978total. Zmiwe's maize depots thewere overflhwing, and 

country had a suirplus of aroiind 1 milliit ntiefric toils for
THE RESPONSE 

explort. 
Tlwt tasIk ,tcing ..\frit'a it,'., is tlirte.ftdd..\fiiia iios Zinihalv's success was based onf a comlpreheIsive 
iltt re t- its ood litllit atld 1)issitI'v its ,If cish laltio al gP\tiv rlll it pt )grai aimed at small farmers. Aflijul (uitplit 

(rots as xcll: it must iiiprove the incitines i f tilet rinal )ak:rge (ofinliputs was formulated for the major Zones; 
iijrilv.s, Is to ri-dice ie\'trty aindinlmitritit: and fiorinaize ill the higher ptotential zones, this included a 
oisutdo Ith ill a way hat is sustaiiiahic , 

iiniserves o(r ilassive dose (if 50) kihograms of fertilizer per hectare, 
clitintlits lh ro-stIote base. anld halts ir rivrss.t lhHi seed-dressing, and hiplh-yidin g seed varieties. The total 
ltitets,-ts iof dtgradatit,. lProduction. listrid)utiotul ard tost fii the hiigliir p)t.iitial areas was relatively high
ciifser''ati~m itjit he ltirstwil siuiult,memislv. .\fri(':'s Z.irn!iul,, ,226 (tS$15) per hectare in 1985-hut it was 
Ulliqll' r l t itfll Illatii ti. tf+ssibhe. for ill ltw t c, VIrIA by credit, rftayal tt iithe cro prItoceeds 

,if .\frit(; ilit is Fitii t.itlallv distrih ted tlail iF t1,ist fsiii e the !arnitrs had ii, laid titles as tollateral). The 
dt.vtlttl)litF rei los: sialltid.,-rs mtake i th. vast Ai\rictilthral Finance C('titraititi increased loans to )la-k 
mnajm fivili trs, aultl 1!st) list oithe laid. small farmieirs frotlitinl 11 )ilr 19 7.-80l to 96000i illof Cilltrtil re 
Small .\frican faruors aid toir'hirs art, tIlwhi f 19chi5-ef+ 
producers ,otfliii iniaiilyf hit t iw iulltl[)tiot, is "I'h credit lpaynent arrilgeinirts r(-l'(!(etlittwir the risk 
wellias the chie cisttodia Ins tf the evooirwmnetlt for goood elemeit ftor farters, as did the use (of a iixture of early
(or ill. Thus mliy a strategy that includes a majtm foctus anid ine:lium-orvittring maize varieties thi:t would yield 
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P~icoby Pa~l HarionPhoto 14.1. Zindlabwe's maize miracle: rarmer Gerry Guyo (left) With his record maize hzarvest of 10 metric tons per hectare, 1985. 

something even in drier years. TIhe high returns made
the ris'k worthwhile. The package, brought. yield increases 
of 2-3 metric tons per. hectare, worth Zimbabwe 
$3604$5401 (U.S, $239-1$3 '58)at the 1985 price-a return of
60-140 percent on the investment. Maize prices were
increased steeply after 1.980; by 1981 they were up 57 
percent in real terms compired to 1979. An extensive 
system of grain depots and Vollecting points made sure
that farmers could get their hroduce to market.,

The rural labor shortage isacute in Zimbabwe, due to
male labor migration to mines and cities. The problem is
being overcome by Ithe creation of farmers' groups that
work collectively, pooling their tools and their draft 
animals, reducing time wasted in individual visits to dis-
tant towns, in meal preparation, or in livestock herding.

Zimbabwe's high-input approach is economically sus-
tamnable, since the country produces its own high-yielding
seeds and fertilizers. The program does not yet place
sufficient emphasis on conservation, and has not yet .developed a suitable packag~l for' dryland farmers. But it
demonstrates dramatically tR~speed with which African
farmers can adapt, and their capacity, to feed themselves 
and their countries given a'dequate incentives., 

A Greeni Revolution for Africa 
Asias Green Revolution, like Zimbabwe's success with 
Maize, wasbased on a combination of high-yielding van-

lM~d PMnuwyi 19Ve 
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eties and increased inputs of fertilizer, pesticides, and. 
management. All of Africa* needs a Green Revolution just
as urgently as Asia did, but the obstacles are higher.
Africa's special environmental constraints mean that new 
w .'ties and practices must be developed to meet much

%redemanding and locally varied conditions. However, 
must African research programs have bred varieties at
agricultv-al stations with superior soil and water condi
tions, good management, high fertilizer input, and
monocropping. Most high-yielding varieties so far devel
oped, therefore, are ill-adapted to the, more common con
ditions of poor soils, labor shortage, low inputs, and inter
cropping. As an economist from the International Crops.
Research Institute for the Semi-Arid Tropics (ICRISAT) has
remarked, on-farm test results average 40-60 percent 
worse than on-station results for the same input levels,
and ma-iy "high-yielding" varieties perform than theworse
farmers' own varieties under the farmers' actual condi
tions (39).

Anew agenda is emerging for crop breeding programs.
The aimn is to develop new varieties that do at least as
well as existing varieties under the worst conditions of
drought,~ normal dry spells, disease incidence, soil con
straints, and poor management and that 
ble than local, varieties of responding to. increasing inputs.
Finally, the new varieties must be in keeping withfarmers' priorities. In the semi-arid areas, fo- example,
grain yield is not the sole consideration for cereal crops 
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and (O-wlptcs: stalk vit.Id is also) v',d t ,. f,,decr, r>tditll hl r~vted dlisease. rusistiulc', plant ardhitctirc. atlldlSO1III. 
lmateii,tl, O~r fuel. hiti') ;Ir~ta ¢sl,H w ,it-%lws um istiS % i ;ilsO 

h~e su~itale folrthe. ila~ill h ,,r'tl ,i !,tt s.ct1r0 

It nit,11.h1 k ilt ikt t ()I I lltlktl1II .'mlti ctsw,,,itIt( l tc(II[[l llctl 

ietwttiks, ethliisis shtotl, iutfirst pilit ttd (it ol)til-
plih lat,.,dvriti s.whi( Itcall li)t re-tistd for fir"v, -s 
I stittit ii tlch vtl(t lvblritl varicti(s.shlio IisS Ill)). 

. iilh tiff,'r thital
hiihr ,ields opi -pllitattd \'hrietics 

itIist IIt' d ,ttr illtrt)dtit'l atltlit r l)el t hCi c atillie i ii 
litter Stitile%%hell ti ssarvbhe 1ICCt' stply1% nctw(irks ;t( i placet., 

Case Stiwly: ttigh-Vielding Cassava( 
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Elements of Success 

topsfil remrnves, prcferentially, the layers richest ill)rganicialtter adl nutrients. Soil depth and, lherefire, 
tften plant riiti,ig ielpth are reluced. For exaiple, if)
Nigeria, it has heen estimated thlt a loss or 3 cenilinireters 
of topsoil C:l1s crop ,ields bv .11-5(0 llcrcrit (5(i). Soil 
degradation ailst) increases \'liralilitv , drought. sinice 
the rdlictill in orgalicli rttllter Clts the soil's water-
hImilig caclity and plants with shall1over ro(its resist 
dry spells less vi-!l. The riorextrelie forms 4,f degrada-
tj ii, c'rustig; ,gul'ics, anld sllnd (little encracilllnt. cr-
ilet(Itv reI!:vt laid Irorll lmu unlil ell for pastillre.Yt't efforts at s,,il c iservatioi iiu Africa hiiv )elii 

scatteredIlid gi(,iwrally vcak. "''chlinites arid strciii'o sliave (46,i Iie'r'll ilsigilwd hv oiitside i'x)c'rts alid 
i.xictitet hv Ilhahixlle', resilting ill high1 tint: ; ( ipxrrr
nriiirrti'riii l "l wv. (t fray -h tintill l]l''i[icall stnictrS, 
imd hliav it r n id tsts iii hiSt i(ilid Irdulitii ill (fr .. '(eSS
liLb, r7,. 

Ca,' Sh'y: henva'a NationalSoil P,rratrm 

KL'i/a's :i1tiillal c uservatoiiur ma, piartly.' hid!r.cd 
h' IlI' .wclishI IIti.rr]iIoIfal I)i('\v)plilt ..\. er.";ii.'I )\).
is gc.l'raly v . terldd ats air' it tIn raist successful iii 

.\iiil. l, progrirl Le"ar, ill h9' .I arrd b%Il,',.I had 
 ter-
rak-ed,I i() fewer i hall 3 11,ii iP fariII-tW(, UIt ( f everv 
fiv'-rcgililarly ( ver-ful fillifig its allillal tilrgets. Ilr 1983-Sl 
alo(uie, 6,5,000t farms \vwer e(,rra'ed--l; proi illOre Ihal 
thI tan.get r5,s1. 

.-\ iOv,erfll factiir in this suicess wm5s that the tech-

nirIrIs used were developed ilter extensive 
 research inti
farmers' problkrns, felt needs, and existing techniques.
which iderntified several effective traditional mretlhods alid 
perfected thei with far rvrs. 

'he resultinlg iethods ciold ie executted With sinpli,

hand tools, at little or io cash c(ist toi the farmer, and 

with lahor ctists kepi low. Iirree Miain methods wer( 

spread. iii faneu jitm, or ''work-rp' terraces, a narriw

trench is d OIg thrMviI Ui toout aid the soil ilill formia 
ridge. With trash lines, farii r'efuse is piled into lines 
along the conitour. In both these systemIs, liltrelldos the 
bulk of the work: as soil is w*'.,hd downhill, it collects 
against the ridge or trash liiie, and le\el terraces formi 

automaticallv ('rassed 
 stri[ s ;ir-. dso iised (591i. 


Participation bv farmers 
 keeps the cost t) government

low. around S3tt terraced in 1 , and
per farm 60)--S-

increases farmers' commitment to 1Ihiiiteaitlce. 'Iimrin 'c-

anld driil lilVOtLt, are p~lnned by' ] 1 agricullural exten-sion workers. Iical farmers do the work without pay-

merit. except for certain communal works like cutoff 

drains. In many areas the bulk of tire wiirk is doe biy

vwoinlen's group)s: as iin Zimlbabwe. grouip \w'irk greatly

increases labor productivit'. 


'I'nure laws iii Kenya help: most land is individually

iwned, so 
 farners know that they and their children will 

reap the long-term benefits if soil c(niservatitn. hut the 
main attraction to farmers is the short-tcrr cc ,molni' 
Leniefit-investrents mnre within (ifl year ()nrecolu)ed 
moderate slipes in drier areas. A SI),.\ evihatioll indi-
cates that labor require me' ts are lower oi flatter, ter-
raced land than ()ii slopes. Conservation works may boosI 
crop yields by 30-65.q percent, improve farm gross mar-

itrks ard cmiiceltrated instead ()n rehabilitation of exist-
Ig projects altI small-scale projects. 'h'Iie ermiphasis is 

shifting Onrti luiw-cost ventures developing localized 
sources of water--small dans, cheap wells, and valley
)1tt(ii s where water tables are close toi tile surface-in 
ither w(rds, Sources that can be controlled .v the 
individual farmer ir small grioinp iild CuIsed to com ple
iillet existing agricultural methods. Projects of this kind 
ic'lii0 Id V,)rld Relief's cry-seasi gardens inLutheran 

Niger. with chep wells irrigating plots surrounded by liv
ing fences of legurninours shrubs like Irosopis juliflo'1
winch are useful for fodder and fuelwood O;.(h)her
projects include the irrigation COni)Irrerlt if the World 
lank's massive Kmo Agricultural Devel(opment Project in 
northern Nigeria, whiCh is ising cheap tube wells, petrol
tmimps costinig $500)-$700 each, and washlores, metal 
screens insertecd iii a sandly river bed in tihe dry season 
I0 filter and extract suihsurface water. These investments 
allow farrners to iicreas the area they irrigate by 15 
[times i' imilared wilh traditional hand-operated shwloofs. 
Costs are retiped inna sin.gle season, with returns Of 
-{100percent and more. iuor requirements per hectare 
ar,' cmisitera LIlyreduced, anrd traditional cultivation 
inctloi ds are i in ived rather than supplanted hii7). 

gins IY 66_-04 pcic'llt, an(d increase returns to labor Iv39 percent 16i) 
l'tst, gainls p inlt t0ait factor that should become the 

firilati;im if all s(il c servation efforts in ,.\frica. All 
cinservatiori works and cOnser ving cdltivation practices
sltiw riuiiotiarid in'rease infiltration. Therefore soil con
serviatio ilIso) c')iiiser'ves water, redutices the loss of 
rtitrients, and ijosts crop ,'ie(Ids \'en vithout purchased
iiputs: it is (me of the rrost plrwnisinl, lines for( I\%,,tost 
illielisificatilliII ()penl to Africa. 

Water Conservation 

Water c(iniserv'i iin inld ct'ritil are cruciial to( enisurilng 
aximum (itltt ill all tro)ical zones with alterrnating 

we ;flld drv seasi)lris-all the more so ill sub-Saharan 
Africa where \arialh rainrfall (ani bring weeks and some
files years Of hLw rainfall everYwhere except the lhiiuinid 
Zr file. 

.,\frica thrrefi re has a pressirlg rneed ft r co.ntrolledwat.r sUilplies that c,m he used ti even itit climatic flc
tilatiolis. 'et irigatim is iiit well developed ill Africa. 
l wi traditiomal systems are irchlded, mOnly 3 per'vhrer 
,.ii of Iie ciltivateil area o suh-5,ihar'a .frica is 
irritald, and moire thni half lie irrigaled area is ill just
twti ,otilltries. 1dall alld Midagascar (h;:i). Africa's getter
all'y' (lil tertaill, Ht' sltitage of surface Oii"shallow 
grttrrindwmrters, tIl' higlh seasonal variation of rivers, and 
the lack of infriastructure have all conspired hr Itisl tire 
price of irrigation in Africa to around double its level in 
other n(itirrerts. Yields Often fall beioA' the high levels 
needed to ju;tify the investmient costs of $5,(00t0t to 
$25'j,())( per he(taire 16. Lirge-scalv scl ienies with central
ized Illiagelleilt have relliiived tIle autonoriy of the 
individual farnr aind solght io impose titally urfamiliar 
crops arild cultiV.ail(,I ietltods (f;. 

The failure roe has been so high that bv 1985 the 
\%orld I iank had ciased ti Ieid for new largle-scale net
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Elements of Success
 

inijiir, the water en(,n¢irly, of rainfed aigriculture is Afr-l's Iiw-fertilitv soils give trees a further essential 
e elr nor., iii)ort(llt than irrigatiin ii Africa. This role: througlh iaf fall the'v restore ti) the uiface ntrients 
eCijMis illcreasilg the share (, laiifal that filters iito the I I lat have Iwell leachei d mvil. This eliiig is essential 

soil rather than rulrnihLg riff..M'thds; ti (th,that inclurde for the stability (,f %fri,,:in ectisvstems, and is exploited ill 
wxiater hiarvesting, water spreaidiig, :;tme liue, soil (nilt- tradiitional shiftiig c'lti.;tion. Tves that regenerate in the 
servatiw wlrks. and increased %v'getatii (owr.it ileallS allow periol restie nin i"its delleteo ill tire cropping 
re(tlncilrg nmoisttilre loss y risinlg, whil(hl)reaks aiid ilulches. Ierio(. In aldditioni, arexs')f )iaturaih forest alid tree f1biwhm 
It als,) liie.u- enc(aicragiig deeper (wting ;,v hred(hllf ar.t Ill('Irinicipal s(ouro's )f wid alni fodder, as well as 
and th use Of pinsplhate fertiizters. Of hrrIes, l'aves, frulils and outs for fool; of fibers adli( 

merliciies: aid iffaminle foods ill timle (ofdroight. 

Case Stud: Stone Lines in the talnga NaturaI f[iest is mider threat. primarily beca use of the 
t txpsin (if farmed land and degradation on the fringes 

Ile of the ullst irirprscsive l)rojt,(ts ill \frica is ( )xfalil's of the farmed ua. due ,ainlv to overgrazing. Tree fal
water ci)mlservatiii priijct' ill titn "iat.nga plateaui (of lows are alsoi dwi ling as faillw peri(ds are whittled 
l'kurkiila "iisI. Tihe p()lject l'wllil iil 19179, t d)wn and trees have insufficien re-estalhishaiiig tol ime to 
iiltrlhl(ii water harvestrillg t(ehlli(iies for tree )laitirrg. thellrselves. 
tBut local pet ph were relrl(tilIt toi divert hilini i11(l labli)(, The COlveiitioliai Ineanls of dealirlg v ith Iie pll()Iell 
fromIn f)()l )r i(hlctiolr, i )r risk (lrY-StislOll water liee(ie(l oif (leforestationl--)rfessitfi's llllallelin and 
for drinikilug , planltalions-have met with little suet es. tIn(ler-staffillng, 

()xfarn pirjct ireetiir Peter ,Vright I,.wt(lI to, hwii lri- ilntrO(duCtiill if ill-suited ipitleS Mid (XCltUSioll n e(Ven 
)rlhies o)f ihuprovinrL!(nod roodutiom. Ile wlusid(m i a e1xPropriatioii o)f lcal pit ulations have all play. I their 

lraditiuiai i,,,c; lteclhnillrue: >lrcirig ]ihue, Af stoies aicross part. iX,.'i if everv ciilieilti(oral forestry prI)j tec(could be 
sila)ps to sli iX (Ii it rtm fl Ihtl found that if t1w lines made, a siu,'cess, the size (if the task ahead mallkes this 
%%(r(, ,,fuitlv ililled with mitoilS. th'v dhirilied viltr ap)r ach ulrealistic. lit1985, a(cirdirig to) F,() esti
ulhil! and iaive it tilui' tI, ilfiltrah. ever, Ilies, ther wer ute1'I; millin ilianlagedl Ivm is slilpes 1.7 Ihctlares ,,f 
wer, genli- I (- t i ,.rieli--hal tll leri ntl(ha i11) ',Vil to) natilrlal forest alld 2.AI nrmillion Ilectares of pliulltatiiis

ti 'ttlr a mirassive hectares Wtunmiiuaged,htihriii u lie ([i lilies. Wright ihvelh)Id(1 $(; agaist a 683imillioi 
device: a traiispitrtilt hoiis . 10-2( irwtrs lmig. fixed at niatural firest plus another 178 millioin hectares if tree 
eac:h enid to stakes marked at lalf-centimeter initervals, fall(ws -,7).Ilinmanag(( tree resources outnumber 
and filled with water. \Vhei tile, Imitiris (;f the twi managed hv miire than 20() tin 1. 
stakes arel tI tlihe water (,uiies up tit the saniu nuirk This clalleig., can be mit only 1)v recoignizing th1(e 
in each )lit. larlnrers can Ire tr"ailie(i ill t (or two di's irescapahle fact that Africa's fairilers ire its d(e facto for

to lay imit :,utiurs ()il their iwni ir iighhiiirs' land. esters, tiir ill perhaps atlpresent, ult piotlentially for good. 
)Iice trained andi srulpiedi witlh the inrexl)erisive lvel. Twio main strategies i)ffer hope of reversing deforesta

they call make tirle lie's with rl, further i tside tion and forest degradatior speedily, cheaply, and to tile 
assistance be:refit tf tire rural maj(,rity: on(e is tire management of 

The st,, ,, ers ca l ullate (hirigil t:e- dry seas(i. so, natural foirest with local )articipatiion, the (itier is tire 
not hh)ji ;, i,,! iro ll ()()(I pro(lilction. '11.y take n l) il] v establishi ielit i)f trees i croplalnd. 
1-2 nci( t i f the ('ir,,)lard. yet Imst cri yields ty an 
average ow 50 percent ,T. The vievit advanltagt is greater The Management of Natural Forest 
ill drier yars, s) tihe lines reduce vuhlerailit' timdrought. 
l'lct helir t, re.pleiish siirkinug water tahIes. Perhaps the Tie forestry laws if ciuhuniai Powers-so itei preserved 

[most reumarkaihie fm'atmtre is hat they can regenerate tl bv independent gieirents-natii)naized most of lhe 
rarreii mcrrusteui ,..asti l~i thrrt lliw Aers air n forest tii exclude people from theirn,, tsiirratel iatural aid sougiht15 ar eit ofte 'natetnga as soil. o(rgaraic etmatter d traditional rights. The Ieople, in turn, reasserted their

seed-(.ts cirliect tuiiil) arid Ihaits hiegiri to griw again, rights by uncontrolled grazing, tree felling, arid encroach-Seeitaby Cist to>eoplel [(orestr euphirtl excludin lt~ial
i eople2N it suirprisiniitly, the lines have spread rapidly, tth nret. Most firestrv efiirts by eXCI rdiiig 16 


inti elernies.
tunll Ih()xtaur's traiiring pri)rIrau ad thrlugh the Nilaiir turned thenli 

mivenent, a rntvwirk iif self-help village. (wnperatives. As ''et these savie le)phe ii can lie transformed into, air 

farmers still (lemand tie evidence (if their own eves army iof allies if traditional right:; tio manage the forest 

hefinre a(ili)tiilg then, the time taken by the deremrostra- and enoj(y its benefits are restored-this time under 
titir effec:t appears tm be the ,irlv lirrit to tire speed tf pro fessioial guidanice and supervision to ensure enhanced 

their spreiadi. l)radtctivity (71,. 

Case St d': The Gues.selbodi Forest, Niger 
REFORESTING AFRICA T'lihe inirestrv aid I kind [Ise IPlanring project (FLUI) ii 

liNees play a (ricial role in Africa's ecology. Almn with Niger, financed by the .S. Agency for International 
most mtlier types i(f vegetation, trees protect tie soil I)evelolpmrent (U.S. All)). is pioneering the rehabilitation of 
against the erosive i)iiwer of tropical rains, and iif wiiids i, degraded natural forest at (;uesselhtri 25 kilometers 
io the senii-irid areas: they aid infiltration and incre:,c;.:: east of Nianev . 
sioil organic matter: and they nrrav even stimulate cl(,'r, (;uesSeIbidi has iiee i liiatiInal forest reserve si ice 
forniation and rainfall. 1918, but state protection has been powerless to prevent 
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Jeiradatiin, Lhlial arnies, etncriaciiiip, farne;s, year.r
Of low raiitafl, tw( Sevtr' (fhti lts, atid i(1erLhrazinii f)(ifI 

,1( to) 6(t( ,at frit 

I(~l ,i (I ii( li t ii c' Iives , k k rt thl( v IIit fi )rk'st 

w t ( i , ii o,i I .).
t(lsoil had h til w isiid a% ;\, oill Illiill\ pat 
crusted and tkirtii.

T!'I' I,,FlIAVt pro)joe t IinI s. hIk cvei,,' IJ, o,!)[1l,! 
tor'Y of Nimr's fiwist ri lctIs
nlliolli,(h and Illaiktkts. 
alii with ai package )( tehi itiels or stistaiiiahh 
liaiiaU t'lli 'ifthe litlliril fitcst. l S, ate t, t g d.ve,-i ol 
fI

t ;I[ si',ral oihi .ihtS, It h'ich t;lCsselh)odi is tie 

list advic,. After i dhl;lihd Sittv\ if sils, hi(0igr-pIhY. v get;iti ,. ii !(hd i, ()Ithe f rist, a rsarchi;ilpl¢ n .ilI ll. aIllt %%,i.dcv\'i. d ill 

1,. ie.i , t ... .. .' o -(,t 

ri'il)ihili ,i lql., I lit ll h !i (.;irrit'd 
 1111h)'Yvii-

faitrs. i'huIist lii:; (Viii i iri, 
 (itOit~r hlarvetin 

;1itd wtihr sl)dtiaifi ji* lila,,s: niilhsilas, ttlil )IIib-l . 
silli l Iiis. n d!,lll li llsrt fwk it i fhisti friwl(i ujli s 

(i)itii 4hq)(-. 
 I lii i;rth hiaiks andl si. ;t. iti(iv cid 

Iiwtii(i;IN iis.-;, atnfs-ads mlld i~ial i i trii t
nl"ltltr hllg>fIiilti tii'itlsiv.i' ftlaps ilt sitopliti
Iltws-l',c( iw' !{lil 1(. .iH
tr, tillht-(hili(I m,lt'crulshlli ,(; i r 
i.i i Iliflh iftwi%%;iif siilifll hii;ilii-fi s-id tt killit th;

w ilI Iw I,1it V 'ikir t-xlriili of s;it)lii i
i i tc Irali- is 
fIi Iilt,\l()d. lh fiii h , l it il;tls siiil. siild, 
wiiiililic illatrialls ,tiid s tls, h t ,ifs i i-rs s(,il hiiiJ ,' I-
thill('. protct( , ,lf;iiilsil rlif)hIii f'r-i uiill)iwt. 11i1latftiits 

%\i waic i sIl Ill tlt, tist wat.l98:, wfmati 
I)tiilf pdit:s illiteil.t irtishit hilld tldtic.d a' \ict'-

tatilli. he iil'tit plits yi-,hhd 
 -Ji killr ils per l 

tan. i tr 1-itt kuihiir/iiis.wagiit. fliiwc,(! ph its Viif'lfl, 
iii l) dlrtliiit %ar--the filhmwd pliits hadl-I e r.-crnstld 
iild Irll+dil ((If I oly ftkilih r;inis of vig .t:iiii; the twig-
llih'lld plots vYi.tlht fiv 1inis a's lullli. 

aii iuatuitIa .:.ii' tm) tore essintial to isthililish ()r retain trees in lte 
c Croppe 

lh tliltinllt.lii ll ;0t (iiw5 
tillti lfilh iliilt flro 
pri(thicts: ifwi I if!is. f
food. The filst t,ts if cuittittg 
dolli ll ailt ' 5fcaia-- li 
i10l(.rs i ivar. C(mpri lii\'is if 

o.'% r hv 

,) f !tIf( 
hes wr,' 

%i -('I I-

(reitlhd to tat, li ' til l liiilil'.iiiliit :ill "xliI afhlolatli if 
ih ll st Hitliiuiolliiie(riii: sillf.-ishll (iffornstry 

parlini' The ci was
first (ilperatt.l- lainlied ill 1986,

I vli;- lli!wl villages. 


e' cni inii1MiM:s l)i'rl t i(o tie i)k (xt: l(ii *v irliis-
g. I'tije tt 'il(imllllst hItnil SA~c!I\,llhtld h, lust ianld 

ltiwfifs )fiiiaking lttt1. iun-til ( [lh,iii mlia totat,

plantinil l() with Acia alid nC-ii , alld 
 ( wit3% 

millet and sigliim. The first year cost would be $,10t).

$500( per hectare. Benetfits wiould climb frotn $1,12 deiti h 

second year to $195 ill the fifteetith, giving alln ilnllliai 

.rtOrn 'f 18 perc(;it. six to eiiiht tihties better than mist 

iiehti J)litils li'lle 1(5estintiate is ba;se( li hirt.d 


lalin r paid a 2.0) per day. li p;actict vitildars iliav
il.d t weil 
heii(h!ducdlt( to buil the eartlhworks in I! <, dry silon iIt 

ctialiige for the cris titl could Ie 
 (li litii. 

For non-degradled 
 forest the cost iof lIcal inanagetllent

would involve little mihr ltian
rehreiks and tards, atl 

an estimrated .20) per iefctare I. 


Perhaps the greatest fienefits of this ;lptrl)ach detive 

nit froii atiy cnrlite tecliloiy or pIhysical works, but 
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lihi l is hI d,flvisa ;ii( ii:;ti-
Sllstiiiiid \ielt f inuitipit 
ore, ;allitillteV, niedicil'c,5

live b( h-tres--th,'1aq 
re'Wll- tlh (lf 1p ) ith v 

hiti] vill;iiis will he 

fr,>ill l shift if: plic attitudes: the fIii::t is ntlngnlr al 
;ic!i;iteld tesillri hi )h f)oac'hted (fmlll, hIlt tnlillittllitNI)n )1)('11 Y t) I it IlI~IllII (d N)r t heI (c()II I II It )Io ) . 

-

n flhtn Vr. oeI'llis. shift ill <ittittidt-' h 0W('V,, v'ill nl(t heIt(--ll)ttlq to 

retl t tht iharinig of fot for ,iwtl)linlti. Crol)land will 
ctililtle to cat il i f rst ls Itiig ais polations Coll
ti/i to Iro'i rit;,, , (ifr until ;a ricit ral intensification 
allows vields per hctare t i expail irl linle wirh pIopula
tioil
growith. 

.As forests ;lll tree falhiws shiink, it [becoimes more aid 
crolilted 

ilria Ih(1tlgh algroloforestrv. \Wihrivr lt llpts to establish 
;griifiiistrlhy ill dv sacrificihi of 'iip jini ittctioll tI
 
Sill I~priolductii, ii tit. imfikt',' It) fail.
w(Md Yi,! techiitiies 
tiV ivwwh hll \itltvild to do it 'll withlout loss,ilk 
Iut ill Ii ,liV tiscs with ails fIl iriiM tc ionl of foodl ald 
(Itt.l 

( Ciltee St dy . I indbruak 
N ig e r 

i e 
Ili e iii;,-aI; r 
illtrii ci rees iliti 

'ields. 

in I/e ,A 1,j ie Valley, 

itiiid i1 llittoil )l)iort y 
ii i \%it- that itcreases ro) 

P'rliaps the, Iast kniwii wiiidt)re'ik slccess st(ir ili 
.friCilistiet, ' project it' the Majjia Vailey, Niper.
Ilh.Iii wilid 'cds iaclh lip to () kihlneters per holr, 
,vilh siJil ISscs il\('riil 20 tnetric tons per hectare. hi 

l 7 -i, wirds(uIsiwiniiil ltrY si dlings ill sand. 
I 'lhev 'at l A:;i alUst liistlirt, loss, villing atnd toppling 

'ift'i
iipN (71). 
Hlling (f the windblreaks egiin int 1974t. Eich wind

trt.;k litie is iMi Vi Ifa m i lteln trees (.Azdirachta
io/iio). spicied filr titers apart, with 100( meters. 

ht wltl% ()ti1, lilt ;iL(] ithe next. Byv 1985 then were 330kilii irs o>f windl)reaiks, with 8) kiloneters a(de(d in 
1985 aillte. 

Piilltar participatil flas been all elellielit i the 
Irliect's sticciss. 'Ile whole proiject originated when vil
lf(,rs asktil thel(restrv service for help with wind eri
simi. 'Xindbraaks iitswered an urgent felt need. Farmersalso piulitk pate ill the work, iggi ig holes, planting trees, 
wecditig aniid protectintg theit in the wet seasoti. Although 
farmers have niit participated itt the planring and
 
liiNiiitagilit 
 ol tit priojeit so far, the favorable cost
tntifit ratio has wnli tlher coopiert;itiiltl. Two separate
studies have showi total cri) vilds ill) by 1,-23 p(cett
ilnl,'itr J with unptrotected areas-even after allowing for 
lii, 12-15 perciit if crip)laari taken by trees aind deep

sh-lfe. Tlhe benefits hi Witid )lutin c(tme as i wel
',tt fiolltl,. ;is ftilwtd has ecoine ;i marketed coln

illoditv itt tlhis Iea'ily defolrsted airea. hli prtoject, plus
Ihlnrisin price of tilowd. has fostered privlte tree 
lrtl Itfiiritrs ill the valley 1n01W have private tree]haitilig: 


itrsries ;iil( sell to nteighti ors.
 
Il1the traditional fallow systeti. the betefits of trees 
 for 

he sil ;iccilte ti rtips only after the trees have btte 
cleared. They relreseti aitliited capital that can be 
drawn tit for only oie( hi three ytars. Agrofiorestry, the 
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tIIt 'liiit(' lilt tiiv, ll tih, illI t'. It I'-u clllp litud hy it'il mt,'Il-iXii gl tt't s.
 
\vliv iin! ll1%, ;1!111;(j 1t 1 )iid,i s, it '. I!t tp o- AI i as eh y e i iI I!)7 ;i t tof l
c L tI I Iy (. ('leltis ,,i fit \ 	 IIlite kIut[( ', .( )( to () t ),, It'I , itIst,'; t( I 1k"1( t'1i ( s t1141 ,. )l I- Iitq la l IhI st itu tt I ) ['rh ,l icill ..\ r.l tiltl titre by I)r B . T K.ig~. 

sI ,, ,d. l,,dg ':icl if!ltt i() i art ttiigi It )ii is to t hefaiiire,,, ll.,s ,,I 7eshc d , his ccuiw s. l ;t response 
tT'a, ilsYs ;1,1. t ii ii idl!.'lellt)and .'hell ic tok' liS(.Is. ' t\l , )s )tdiltt t/ ilds rt w l l fertilizers 
\vill. l Ito i ) 1'1 milds ( IIl s' , toIpit I,).,I it )si ll n fetrtilit 0.lellls (fi. t sa ett-tr'iaiik. (11 -\vdt l y es ii 

iti,, l thiil tui)t(I. (t)p sartks tliad, i)hot( ) 1d1.2.)nmott i filti, %t, %%,illI Ini lt lio t K it Illstill 's hIemt il ;It st,,ee 
lvttsf t t l; .oh(+iiiistl_ i -IniohlnI t s!' . , fasitt Thene stk.ii s is imp,le usi its Ir-es like Iod 

(1 11 ,t d I1-/ It f I, II/~l~~l itg il" .l ; ."]tti,., \N'h(l: ((It'llil Iicilot 'l hIl t i e. 	 plllg. (}5; i!1 meallt( ()I- .S'e'sbu(ll[i ,WS h al 

,iuil'i 	 planted ity, tell,. li i llMt to 'r.ow intl It.,i are ill ro orto to)the ineter. Crops
t't!~l).',,, t":'t,:', ( mh pi,, I 7), "llfm t'qbs;11i( N',ill- ,in-' gn,)Vln il .-t A; Nlt!tI etIW~'v,lh:. I l(V,'.T- bo]W 	 e 

) mi 
,h l-t-el,11 1d ('11). Dtlill ttie dry Sits(ml. te ertie l)s ilue t gro 
,(,,,.S,a ()I1 residual itttistill. l pl ltlig (t[1 I l)to .t llrtie-s. t ile 

it ' tloioI: 	 aflolith t amr v.tc A wiih the 

I l/ ;llg 
f ilfti ,1,ii te s ritds fin.ais )f !is ifsta reiny ser et hre trees are alol li.'-s ' s i,," ,t dt h, '111di vt[Vt leit.l'


tlh'll [l/].'i ' tll,l ld 11"' {dI, ,t iil l tt, larde(d to a heiigllt fof l 1 illetc'r., andR l-llll d ulp to five
 
l"a.,;I,ili l([I it!'iwl'. 31:,t'. , :l ! m,s d "'':lc ill thnli's to) /iv~ d '.;Iadill~g tilt .,dr< \ inp cry,. T he \,.'( id ca'lll 

-tul h i, l Ni iit t , hii omtlKliinitjar greoit nsith d ot ft 1 ()I" stlkes . h es aidtwigs d(ett s are dtig111ililic'; 111. I't € ,.viH,.ct 	 tl', tilt,, I'm) f(I stq <. t lt , ill, a:pplit'd aIs aI Uiia c lintill h, (i- tls('- /Is live'stoc.k flod
lmIIIm ,i \Whell auri\v . trees are'tdtl iL l i !''I I;thm{) htin the'. l ;111(i s~preadl.s the( (het. tht( [I(.xt dr (l/v ;tIs()Il ilhe 

h,,,d , )I lply ,i h ,l il. ',, . aJ/llhm vvd toh, m Ah i llt ;Iw a/ill I-77-,., 
Tlhe' I.Clnetits a, nlutituiphe. A.\lhey tcriyped Soils are 

( aso'Situol. : A lley) (Cropping¢ hligher ill ()rgqa ic lltt(.1 and usable nu1trienlts and have 
hig.her s()il lll()lsttllre. htvels., l. lc('0 1lt pr-t(Ihlces i.ts Ililtch 

Pt,'/ ;,op., tie lt, :;: -1(]liql;l' ,.-, f, t s y stcqll So fi ll- ats 6' nlt iun tIs A) stakes Ix-r Ilm a'lir,ts;lch yunilr al[Oll 
e(h> s altlhv iltIppL ;_l ,-Iwi(- III).] cropls are gqrownv \vith 15-209 it,-trit' ttiils ()f leav.es at,d tkvig+s cmlitalilling 
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to o faSuccessof1niro e 15 kiog am poas 
over' 160 kilograms of nitrogen 150. kgrams of potash 
and 15 kilograms of phosphorus (78). When these are 

-,-,pplid- o-te-sol,rop iels'iicri~s "Urisd~e*rtakessustainably. In a six-year trial on a sandy soil at lbadan ' 
an alley-cropped plot cropped continuously without fer-
tilizer maintained maize yields of around 2 metric tons 'a 
hectare-more than double the Nigrian average-where
yields on a non-alley-cropped plot tailed off from about 1
metric ton in the first year to a quarter of a metric ton 
in the fourth year (79). In another lbadan trial, the yield
impact of 10 metric tons of dug-in Leucaena prunings 
was equal to applying 100 kilograms of chemical 
nitrogenous fertilizer (80). 

Farm trials so far have been encouraging. Farmers have
achieved yield increases averaging 39 percent (81). The 
largest farm trial so far began in 1984 at two villages 
near Oyo, run by. the International Livestock Centre forAfrica. By 1986 the number of volunteer participants had 
doubled to over 100, a clear sign of acceptability. Most of
the plots were well run; some, indeed, looked better than 
the on-station plots. 

The cash costs (excluding labor)' of establishing and 
maintaining alley cropping are negligible. Labor input in 
farming ishigher, mainly because of the pruning-but
pruning yields fodder and fuelwood, which would have 
cost extra labor to gather. Total returns to labor are 
higher (82), ' ,

The benefits in soil conservation are considerable. The
increased organic contentimakes the soil less vulnerable 
to erosion, while the hedgerows-if aligned with the con-
tours, with weeding trash piled against the stems-collect 
washed soil bn their upper sides, gradually creating level 
terraces with no other labor input. . 

Perhaps the greatest value of alley cropping is 
' 

that it
allows continuous cropping and improved crop yields, yet'
with no outside inputs. It is the most promising technique
for sustainable, affordable intensification of agriculture inthe humid and subhumid regions. It is highly flexible and
compatible with traditional cultivation methods, yet can
incorporate mechanization and chemical fertilization ' 

easily'. .!..600 

Two urgent priorities apply. One is research in semi-arid 
areas to see if alley cropping can be adapted using differ-
ent species, spacings, and management methods. The 
other,"now overdue, is application of alley cropping in
large-scale development projects and government pro-

_qrams. If'it is offered on a voluntary basis, as part of a 
-menuof'new approaches, there is nothing to lose, and a 

great deal to gain.. .. 

EASING THE FUELWOOD SHORTAGE 

Africas fuelwood shortages are-so far-a major'cause of ' 

deforestation inonly a few areas, near urban' settlements, 
especially in the semi-arid zones, and in some semi-arid 
areas forexample in Ethiopia,.Kenya, and Sudan, in 
which the sale of wood or charcoal to large cities has 
become asignificant source of cash.

But fuel shortages do 'have serious human and environ-
men'al consequences elsewhere'ln areas that are already
heavily deforested-such as the Ethiopian highlands or 

the northern limits of rainfed agriculture in Niger-dcung 
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and crop residues are b6irned instead of being returned
to the soil. Wherever fuelwood is_ gring.scarcer c-. 

a mounting share ofkwomen's tihn'ie,shre f woen'stdmveiettlabor from timely planting or weeding, and therefore 
depresses yields. Where a fuelwood market has devel
oped, the rising price of fuel takes an increasing share of 
family budgets, affecting other basic needs: such as food,
clothing, and housing. Spreading fuel-efficient stoves,
therefore, may have only a;marginal impact on national 
rates of deforestation, but could have a significant benefi
cial effect on crop yields, soil' structure, labor availability,
and family welfare. Most stove programs in Africa have
had limited success, distributing at best 5,000-8,000 
stoves. Many of the designs were too expensive, ill
adapted to traditional cooking or heating requirements,
and required cement and skilled masons to construct. 

Case Study: Improved Charcoal Stoves,
 
Kenya
 

The first large-scale breakthrough in fuel-efficient stoves 
came with the U.S. AID-funded Kenya Renewable Energy
Development Project, launched in 1982 (83). The project's
initial goal was modest but realistic: to sell or give away
5,000 fuel-efficient stoves by the end of 1986. Yet by the
end of 1985 the project had given birth'to a new indus
try whose main producers alone had sold 110,000
improved charcoal stoves at a profit. From the start, stove
project director Max Kinyanjui aimed'to capture a large
slice of the one-unit-a-year market for' cheap "jikos:' scrap
metal stoves costing around 60 Nairobe shillings (includ
ing replacement grates), with fuel efficiency of 19 per
cent. The new stove .was designed to compete directly. ,
The final design is a casing of scrap metal, waisted for
stability, with an insulating ceramic liner,.a built-in grate
in the top half, andian ash chamber. in the bottom. (See
Photo 14.3.)

There was a high level of local'participation in the 
design. Scrap metal artisans were consulted to make

"manufacturing easy. Prototypes were test marketed in 
households to make sure they were acceptable.

The other main reason for the new stove's success is
 
its overwhelmingly favorable cost benefit ratio. It costs
 
65-100 Nairobi shillings, but lasts longer than the old
 
ones, resulting in an actual cost savings over two years,

The new stove's measured fuel efficiency is 29-30 per
cent,"theoretically offering fuel savings of 34-37 percent,

but many users report savings of 50 percent (probably

due to more careful fuel;use),. For the average Nairobi
 
family spending 170 shillings a'month on charcoal, the
 
stove pays for itself within eight weeks, and 'provides a
'handsome 'annual return of up to 1,000 percent on theinvestment. ' " ' ' 

The Kenya approach can be successfully adopted in
 
countries with widespread cash availability, where fuel
wood has become a marketed commodity For poor and
 
scattered ;Ural populatiqns, a different approach is called
 
for. The path ahead mayr be indicated by' Africa's second
major stove breakthrough in Burkina Faso. Here the cho 
sen design developed at the Burkina Energy Institute, is 
basically a shielded traditional three-stone stove, wih a 
circular shield built of clay, dung, millet chaff, and water 
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Photo 14.3. An improved charcoal stove with white ceramic liner (left) and a traditional jiko (right). 

around three stones that act as pot rests. The stove can and depend on the cooperation of grass roots self-help 
be built in half a day by a housewife to fit any desired groups.
pot size, and the simple design requires only half a day's 

* 	 training. The cash cost is nil. Fuel savings in use range The Secrets of Success 
between 35 and 70 percent. Most women recoup the 

'
investment of a day's labor within one or two weeks. Many of the secrets of success are simply the reverse of 
* helo-cst hg-bneit.ad ..iddi..mia.o the key reasons for failure. Failures usually occur in 

methdtht besurdApil 986,som 85000Africa because of failure to understand the African con. 
. 

methdtht besurdApil 986,som 85000text, 
imprvedthre-sonestovs wre n ue~under 

THE LESSONS 

the realities of Africa's ecology and the constraints 
which African farmers and governments operate. 

Successful projects take full account of these con
~straints, sometimes by chance or by intuition, but more 

The projects and programs outlined above show that suc- often through careful preliminary research. The most 
cess is possible for Africa in agriculture and environment, 
where, success is rm*>'t needed. Their common features 

reliable way of ensuring that projects harmonize with 
Africa's diverse ecological, economic, and cultural condi

asiniaehwprojects should be designed to stand 
the best chance of success in Africa, and suggest a set of 

tions is by involving local people directly in the~design of 
technologies and programs. That occurred as consumer 

tactics and a strategy that could bring it about., research in Kenya's stoves program, as action research in 
The tactics concern the way projects and programs are Kenya's soil conservation program and Oxfam's stone 

* designed and impiemented, the "secrets of success" in ,lines in Burkina Faso, and as on-farm research in IITA's 
Africa. It is sometimes suggested that only small-scale (i.e.,
localized) projects ruJn by nongovernmental organizations 

alley cropping and cassava development. In all these 
•cases the research ensured that the measures proposed 

can succeed. Zimbabwes agricultL'ral program and fitted peoples priorities, economic circumstances labor 
SKenya's soil conservation efforts Show that this is not the' 
: ,, case: government-run, nationwide programs can also sUc-

availability, and cultural needs. In countries with varied 
cultures and environments, the adaptive research may' • 

" :iceed and must succeed if a wide and rapid enough 
impact is to be: made. Both these projects are, however, 

. "need tO be done in a representative range of locations.:. 
The key elemients as far as the farmer is concerned: are , 

. 

,:small scale in the important sense tha~ttheir Ultimate goal to. minimize costs and riskS, and to maximize benefits, . 
,i.isto bring about small-scale change on a Widespread A,s the African farmer is typically short of cash, loW 
;:basis., Both also involve nongovernmental organizations: cash cost up front is a prime requirement. Many success- ; . 

.'4W 
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fill Ipjr(ei-t ceh its thi tl llrs 1,,1l- ii V.s ';ac 'InI t 
stovs, i v() i,, t) cash )st \\it ltdllls fi'h ly .I,tvIn t i 

hIll.ti'Chlll~iis c hto it',-s ill e.itl)ti)sel stlti' 


.
prtranis -a ia(tka lii F (w('eis,tt't fur pifYie prrl)(eah')i:-; (sseltitoJ h) tlir( vwide 
, 

;tpt il;it', 

/.im - lahmr , o.. k also) itiii)(irlantt, espcciallv ;,t kc.\ 
tiincs filt tlh ! crop caktiudiar. ]'hlts inct is++ that Ili C()IlSt'I'V;i-
li()ll, te{ hili(qu(s suIch its trash lilies:-, lrilstcd ,strips, (or 

,ChtsCI ,Vl)Iil ted (t31IltoLlr I,,(.Si_ a l(+ IeIr terilhlt, (whe re tilev 
;tue adtlti)ted) No lilr-iintflsic tti'h uiiiti',e likt' terracigt. 
lvm(e''i t laliur ilI[)tlt nt; Vi If ICI')ttIhI WIl'i the 
rfittllls tI al)lIr ire li iul f Ir t iiitlp]t., the extra il)t)I 

ii\viv d il tii i t ist[it Illiav Iel, f , L f()[ l'X\'i,'Nt'Al I illt 
Il, l7v mbuch litl'r 'I(p Nillds flti by flIit.,'i)()t, 

stakes, anmd ft idtlr. 
()iltyle tf c()st f)f1tci () rh)lfkId is t[f o)st fi fire-

lfflu' litliefits,. ton'Xti[.i' thl, fl()(I that w(ould have 
I)'l'l pruIilr( I Illfi hi- [lad ta'k'tm Ill) 1)v terrt'cilli ()I-
vill[a"(- wfd It trazilt was Ivyhs. (,If if' that pr()vide-d i 
alria that has toI ),p [1)t(tdt aitilst allillals. l'",'ollf 
Il'ncit't/i hul l ,"opt loIt o/oltc Ilittlifilllli.Stolle 
terraeinul, for t'xaie. sht1ld newr Ic used where all 
'artli imd ldllt'd i,,ith ftldt'r iFasS(.S, il alvleyldli. 


(or an iufiltratim i strip Iof t ree s off, thatch grass is S)s-
sible. \Vhllrt. dir('t L lIe()pl shlildII, irazi is pr(liihitd. 

Ie ;atl(wetl [t 'lit
ctIll Iarr\' /ldlI',r f Ir their lii.st ,fk. 

StIhsisttcli, fairilierseXll)1(d toc.'re rclimtatic hazards 
ar'- alwa,,ys rh'ctait toltake (t additiial risks. Molst stll-
C(isf",'ll /rr(l is anid /)ro.rallis (1r1,I't'lolllv rik;],/-c: 
idecd lram,' (of tein help to reduce the risk ctntert iof 
lift-ftr exaiil)le hv red1Icirrg vUhlerability toodIlroiight. It 
is t virtual precmiditiin Iof success. especially in tire 
sini-arid areas, that pr,)jects sh(uld not expose par-

ti pants to additimlial hazards; airyI agricu lt url package 

(oftered shild Jitirfhir least indigentus
at its will as 

meth(ds and ,.'ariiti ,s ii a ,year (of had rainffall 


Projecls ./lll(/ proidt1( .illillh1wilnefuts. This 
meias, l r exalplt, that nI oo()rtunity for increased 
usefu [tl tput sliuild e i vrlooked. /+1ii';a jan ditches 
shiIuld b~e planted with [aianias (r ipa paa, terrace edges 
with trees. In it farmm rmltext, 1miltiiptrlpise trees shiuld 
be tIreferrid to purely ft lw ir-t whell fruit, tilli-species: 

ber, or fodr-er trees :!re planmted, there will usually be 

crough surlts W,.itld availalble frtomn prurmirigs or 


Ijimx ted irailches to) Ii(-,cct ftlew(()d ieeds. 
.ubsistcIae airners ue' petsontil ('c)iwed attralji' 

nil c rltes if /tun lteiire thev will make an individual 

ilvesteltt iif cash I)r labr. Pr()jtccts alndt [)rograrns

shold aiili tf, provide retUtIS fir beneficiaries oif 35 per-

cetnt tpward: i', any (ifthe pr()jects dt,'scriled here (ufftured 

returns iof 1(00t t)trc.eMt or Iore and reiRIul)e~d their full 

costs withil t ,car. Solletilnis (is 'ith tl' stoves) mlilih 

hiss. 


I.)vciili olmcttillitiltives u('si i .d ttlast Imuist also tar 

the, realities iif .-\fri(a 1(ve'rllllitt ill ilihll. lwey sht11ld 

bt' buiit as far itspssiIth, to, X.'ithstaii pwrifldic tirei ll 


exchallLe and buid'et crises,
I71('. s'tioill ie lou' I'll irl/)r~ort (inl'!l. I"vtli when', 

aid-finlaced projects pay fir all assmiatod imlports, there 

are recurrnt iil)ir reu luirenmits. fi r ,par parts, fiir 

exalipIc. Most Of t he projects discussed ilvIVe virtually 

no imports except for esselitial vehicles. Zi nibaXb'VC's Main 
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agriculturalfifp tis, hi h ,,Jtli l tIfili htil f i l e 
i( Ipry tllN' oruckes-

Acv olli'\' sIll tlll tlIt)lllis sl i 1tilllt t', well as t.) 
telles.ss fllwpiteln cdalo'p1lpht ill pHlwldil llf bobw

MCIA lt lleic t of hoc('Iwio-Iilld, oAIl~i oll/itl n"i cesr(. It IllaNV 

(4tcii ntv.,anl bw(.;il calsh tlribtltionlS ilt p[)t, linent f(iF treef 
('dtihll + (ifr the(' t().S++s (it trilillili v.illilq.t- level wtrkers-

th{()tlgll these cash c mntributiolis shl()tjl. nlever+ be large, 
sMle cases full pa.Viltelit catll be exp~ected fi+€)[,+i hel'efici

aries, fho exauple, for tle o)st ()f wlls for gardening, or 
itmproved stoves, so) that the illittal inVestment caill be 
recycled ill rulling funds that nlUltil)ly the bnefits. C(mintri-
Iluti ls tild pitylllelitS, proivided they are reasilnalle, 
'eicrally' result ill higher colllliitllent, higher effort, and 
better nitlaintenance than subsidies and free provision. 
lic'l l)e)ple slhouild also Ibe trainediand equipped toi 
maiiitaiii c(Iluservationll wotrks, such as wells aild ptlmnps.

They shIuld be ellilpowered, and ()r ianizedI where neces
sary, tlo manll.e proljects aiid to make ainy adjustments 
nledtd ti ildilit themito local circlmlStalces. 

I ical participation, lcal labor, local resources, local 
c(lntril)utins, local minltelnalnce, local management: all 
these add iil) to (I slralegV of losl(erivlK local self-reliance 
as fill'as /l-asith,. Self-reliance is desirabhle not only from 
a hunta point of view; inAfrica it is the key to making 
village developnent less vulnerable to, national economic 
problenms, to ensuring that village development can carry 
oi1 o sonie extent in spite of import restrictions, budget 
cuts, transport and supply problems, and shortages of 
ikilled manp( wer. 

The state then hecornes less a direct provider and 
more an enrahler, focusing oil the dissemination of infor
iiation and techiologies for self-development, and the 
creation of a policy context favorable to self-development. 
If a technllogy fulfills the preconditions outlined above
h.w o ists, hmw risks and high returns to labor, land, and 
capital-it will spread spOntaneotsly, but unevenly, 
thrtugh formal and infrormal markets, arid by the demon
stratitn effect. With government backing, technologies
especially more complex ways oifmanaging soils, crops, 
livestock or trees-vill spread Much more rapidly. The 
spread will be mmost rapid when every channel of com
In'ication is mobilized. inicheiidrig all media, primary and 
secondary schools, political parties, and community 
gr ti Is. 

Lessons for African Governments 

The strilteiy (of succes. imv ,es gtiverimerit and dolor 
I)pilicies and inistitutio)ils. ; i,'rntent ollicies rlfust be 
fr'int d so1that thu",' create the motist favorable itossible 
(.())text f,)fr the slIreilt of better technologlies. Above all 
this lilt'taIs [avSrklhle prices, nt just for cash and food 
ciofips. but tlsol fr wtiiid imid livestock. The experience tof 
/inlllMaI,,,. Zambihia. ;ill( Ghaalla shows that favorable prices 
cll tritlislate v(erv rapidly ilito iicreased oultput. More 
realistic ex(hange rates that litakt' food iml)orts more 
I'xlellsi,, aiid cash crl) txl)A)r:S llore profitable are also 
iIlI)eritivc, allg with a redIuctioll ilmthe government 
rake-otf ftotll the prioceeds of cash crop exl)orts. Higher 
prices for pIriducers w.,ill nmake intensificati(n and conser
Viitim)n itre wirthwhile. 
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The second major policy area where government priority to food crop production, agroforestry, and soil 
action is required is in laws and regulations on ownership nd water conservation, and emphasis on low cost, low 
and'coiitrol-of -colad -tes-fo s ad -r-n-g'la iisk',l6W 1ib o5t-e--hil6gi'ests" rd.-
Heritable security of tenure is undoubtedly the most A high priority should go.to creating or strengthening
favorable context for conservation work to assure farmers nationwide networks of multipurpose agricultural exten
(including women) that they will enjoy the long-term sion workers; there should be one extension worker for, 
benefits of their efforts. For common resources like every 500-1,000 small farmers. [ack of skilled labor or 
forests and rangeland, control and use rights are more funds is no real excuse for delaying the creation of a net
important than formal ownership. Local populations must work. A pyramid training system developed in Bisrkina 
be given rights to manage and profit from common Faso allows a small number of national experts to train 
resources if the degradation of forests and grazing land is regional trainers, who train district trainers, and so on 
to be halted. down to village level, where'the farming equivalent of 

Incentives alone can boost production and sometimes barefoot doctors can be elected and paid by their neigh
productivity by making it worthwhile to invest extra bors; Creating initial confidence is crucial, so the exten
labor and other available resources in food production. sion systems should begin by. disseminating those low- or 
But other measures, including research and extension no-cost techniques that provide the highest returns with 
services, are needed to increase the effectiveness of the lowest risk (85). (See Table 14.1.)
incentives. Because of Africa's unique,,cultural and ecological

Research, including plant breeding, must relate much diversity these techiiques will'have to be adapted not 
more closely to the real constraints, requirements, and only nationally but locally. The only people capable of 
priorities of smallholders. This means a much greater ensuring this adaptation are smallholders themselves. 
emphasis on on-farm and farming systems research, with They should be enlisted in adaptive research from the 

r :Table 14.1 A Green Revolution for Africa 
The Foundations Livostock Measures
 

en t oduImprvemntprcesforo prduce ashcros pls dvalutio Fodder banks of legumes and browse trees
cur oodand orer .cation or Increased use of camels and goats (semi-arid)currency denreglation a Alley cropping for goats and sheep (humid)
* Security of tenure and use of land, frees, pasture including full title for Hand dug well, dispersed water points


iN women Controlled grazing in farming areas
E Functional integration of agriculture, livestock, forestry and conservation Improved Labor Availability and Productivity
'Research focused on farming systems Through reduced womens burdens
Rapid creation of network of multipurpose agricultural FueTwood from agroforestry

extension agents using pyramid training Improved 3-stone stoves
Formation of farmer's groups Farmer's groups to pool oxen and toolsFocus on food crops and women Improved health via charcoal water filters, ,arines, homemade oralProduction emphasis inconservation, and vice-versa rehydration salts 

STAGE ONE: Dissemination of no cash cost and minimal cost techniques with Childspacinq, breast feeding " 
high returns to labor,capial, land STAGE TWO: Low-cost techniques tIhat require some nationwide distribution 

Conservation of Soil, Water and Nutriunts servica minimal imports and small cash Investments
Stone, lines Improved Crop Varieties (open-pollinated) Bred For Performance Under LocalTrash lines Conditions
 
Planted bunds Disease resistance
Grassed strips Tolerance of poor soil
Infiltration zones Tolerance of dry spells

Contour ridges " Drought resistance:

Plus, for Semi-arid Areas: Early emergence
Waterharvesting. Early maturity
Waterspreading Deep rootingWindbreaks Equal to/better than local varieties inbad years

Dune fixation Improved Fertilizers Legumes
as Booster for 


Improvement of Soil Fertility and Structure Introduced Tree Species (Leucenaetc)
Nitrogen. fixation by legumes inintercrops and rotations Irodcree Speiesoc eMulching with crop residues Lowo Cost Tsetse TrapsCrossbreeding of Livestock 
Planted falloWof leguminous fodder or mulch crops Multiplication of Trypano-lolerant Livestock
Agroforestry with local varieties Cheap Wells(semiarid)Hand-operated Pumpsalley cropping (humid and subhumid) Hdera ellseacacias etc (semi-arid) Scooped Ponds

multistory farming Improved Devices toReduce Women's Burdens

Forestry 
 Hand grindersLocal management of natural forest Shellers
 

Living fences P F

Close hedges for terrace formation Plus, For Semi-arid Areas plu
Tree crops wTiedridgng c plough

Shade trees le ign
Emphasis on multi-purpose species STAGE THREE: Moderate cost techniques involving some imports, higher cashFuelwood investment by farmers, and competent nationwide supply and maintenance

Timber systems
Fruit and nuts . HbdSe 
Fodder: Hybrid Seeds
 
Nitrogen fixation. Moderate Levels of Carefu~ly Chosen Nitrogenous and Potash Fertilizers

Small Scale Irrigalion Selective, Mechanization of Labor Bottlenecks
 
Valley bottoms Washbores ...
 
Rood plains Motorized Pumps

Earth dams Biogas Using Bargain Technology eg. Polythene Sausage


Improved Timing and Spacing ofPianting Plus For Humid and Subhumid Areas, Minimum Tillage With Herbicides
 
Notes: Each stage builds' on arid incorporales the previous list is suggesive not exhaustive. AJl
steges, which c'eate the surplus and capital needieo for the later stages The above techniquesanid be tried!anpackages mismt dapted nationally and locally.Source: PaulHarrison, TheGreen/ng ofAca (Penguin Bool-,' brk arNew Patadn Books London inpress). 
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binig' 	 arm0brese. Mderate reductions n put got rts can 

F 	 Extension workers should become an arm of research, bring massive reductions in the production required from 
no Fmrl-ecmedn -agricultureo6ve-rth'e long term. IfAfrica could, for exam
but gathering farmers' experiences, problems, adaptati:onls, pie, achieve a population growth rate consistent with the 

F and requests for research back-up. - U.N:s low projection of popuiation growth (birth rates fall-
F In many areas carefully chosen soil and water conser- ing from 44.4 per thousand in 1985-90 to 21.0 in

vation measures may be the best starting point for dis- 2020-25) instead of the medium projection (birth rates
semination and implementation. Because they reduce the falling from 45.6 to 26.7 over the same period), the inten
loss of nutrients and wata- in runoff, they produce signifi- sification effort required of agriculture by 2025 would be 
cant yield increases, ep'ecially in subhumid and semi- halved (86). - ' 

F.-	 i - i arid zones. It is important to integrate conservation and o f 
- production much more closely than before. Wherever Lessons for the North
 

possible conservation methods should be chosen that 
 Focusing on low-cost, high-return ventures, African
increase production (e.g., alley cropping, or infiltration governments could make considerable progress with little
 

- strips with tree or grass crops) and production methods external help. However, they will make more progress

that conserve soil anc water (e.g. intercropping, use of with the' cooperation of northern industrialized countries.
 
organic residues). For many decades to come, Africa will be the major


F 	 a . 

F 	 -

Later agricultural innovations requiring higher incomes challenge in world development and should command 
and a better infrastructure will not supersede but build higher proportion of aid funds. Even with no increase in 

F on these foundations. (See Table 14.1.) Because of the aid flows, the effectiveness of aid could be' massively
fragilef soils and erratic climate, even chemicals and increased if the lessons of the success stories were 

F 

fully 
F•mechanized farming in Africa must always have a firm learned. Donors should avoid the temptation to pushbase of organic inputs, soil and water conservation, and projects that involve high imports, high unit costs, 'and

agroforestry, - high skill requirements for initiation and maintenance,
This general approach will ease another area that is They should give far greater weight to the long-term sus- -

usually thought of as a government responsibility: inputs. tainability of their activities, paying a' greater proportion
In the poorer countries-without adequate road and sup- of local and recurrent costs. Their prime goal should no 

- - 

ply networks, the initial inputs will be local; labor for soil 
- -

longer be to get specific things done but to strengthen
and water conservation, legumes and leguminous trees the capacities of African governments and nongovern-

-t 

for nitrogen and other nutrients. Infrastructure can be ment organizations (NGOs) to do things for themselves. 
improved in modest ways at first: feeder roads built and This 

F 

means concentrating on nationwide programs rather
maintained with local labor and materials, small oil- than localized ventures (except for pilot and NGO
driven agroprocessing plants, donkey carts to bring pro-	

- -

projects) and accepting the African's prerogative to coor
duce to collecting points. As infrastructure and farmers' dinate and standardize aid approaches within a given sec
incomes improve, more purchased inputs can be fostered, tor. It means accepting a normal funding horizon of at 
including improved seed varieties (open-pollinated at first), least ten years, two or three times longer than atand chemical fertilizers formulated to suit specific African present. . -	 ev 

F conditions. Rural credit schemes will be needed. Where 	
ron-

In the long term, the international economic environ
land titles are absent, the crop itself can be used as col- ment, dominated by the north, will be crucial to Africa's 
lateral. 

F 

success. Here the greatest priority should be a reductionThe most important input of all is the participation of in northern protectionism, particularly in agriculture.
local people. It is essential that neither African govern- Farm subsidies, if they are judged particularly necessary,
ments nor donors regard themselves as the sole source of should take the formof income support for farmers
services, priorities, or new technologies. Local people rather than overpricing. Overpricing encourages over- Fmust be involved at every stage in every development production, which depresses world 'prices for cereals and
activity, from research and design, to establishing local many cash crops. The resulting surpluses are dumped on 

'F 

priorities and plans of action, through contributions of African countries as food aid, depressing national prices.
land, labor, materials and often cash, to ongoing main- Both factors lead to lower incomes an]d incentives fortenance and management. This participation isbest African farmers. As FAO's recent .rep.rton Ai Forganized on a group basis, establishing formal !inks agriculture points out, aid in.the form of fertilizer, pesti- . 

F between grass roots government workersand existing cides, aicd appropriate toolrsvould make a great deal 
community organizations, or newly created ones where more sense (87). Food aid ,herever possible given as necessary. Self-help will be the emphasis but it-swill be food for conservation work in the home area) will ofself-help assisted by the technical support and advice of course be necessary in emergencies, though even here,
government . cash-for-work programs may often be preferable for main-

These measures, especially if they are taken in combi- taining national food networks
nation, will resultin a rapid gain in food andwood With this judicious combination of African Iand north
production and in yields on the. order of 20 percent or ern reforms and redirected development efforts Africa's more, with greater stability of yield. But a simultaneous prospects could be transformed. Substantial progress on 
effort must be launched to reduce the growth in demand the triple goal of increasing self sufficiency in food, confor food primarily by programs to bring dow n the birth serving lie environment, and reducing absolute povertyrate. F could be realistically achieved within a decade. 
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15. Basic Economic Indicators
 

F.l'iplo.vllent. It ,i(litotll. .J(1t. ;alld price stitistic. arc hasit 
ecttllttlc indicat,,rs that arc used to lim,,itt r lcvels of and 
)re(dict changes llt inlic civity. 
(irss Natitmal lPrt (hict ((iNP ins r-

t ), )trhaps the. 1,1St t 
tallt illdicattur Of ('i lloillic activitv li,;aStles tile tttal eular-
kLt value ()f uolds ani scrvit'sis Im tatlit ill t c(illltr, ill a 
year, inclidill4q trilistli(iins with titr ct'lmitlt's. ithwt,Vr. 
there are l llllll)t'r if pri l)lims with tisin (ll P ias ,t 
broader nleasire of dIelti)pmtltp t. mi -cmllO)llitmacti-
ties are difficult hi lllti tur.tt tIlers llav he, t trill ilt tl o) 
cotlltrv's l.g-tt'rlil ,tlveh )lcltllut pr t.(Is (N dlta (h)i 

not reflect ie distrihutn ,iiif hii it( nl wi.tih withill a 
Ctlliltrv. Ill adtiitiol., cmilpiahilit\ tif tINi c:.ta hilll n 
countri's is limited. 

(;NI fi14ures are int acturate ftii"t(l ll(tits ill which 
lltist ec lwltli trllsactills (tradt, in -(i ds, servictes. antd 
laltir) .ti throul4h at market tlact and (all b accurately 
rt't:cordtt'd. 1)a fti flo lli.V d Hnir-t Vel))itit'tlitiris, where 
kets are liwt its w dllty iled ()I where thtta ci illectill .-;vs-
tens ;'re rltldit irary. r(,ipire extensi\'e lilttitltls. h1ill 
c illtrits ;1 fr;ttihin (if eci'i imii attivitv itlurs ill lack 
markets, and its valiue is noit idljkt'll y rii)r'ceilted ill Offi-
cial statistics. ( tiltris At w;tr (if SIlferilg civil strife cither 
d(i nht relit t AiP data m pr iwitt ill(ititllet, diata. Flr 
ltlllall1rket ('Ptaltill1 itS Uit ir,tU diffic ilt t,)c(al'ulat1 l 
allt initrret liltd. t lt fir I tllrv, artv Iilllitted friotn 

.litlesI.. 
(iaill;irin the, lI if1 tll ttv to ;ll(tthr iluirt's 

-lil l(moi lltl 
citllnii h;ist, veal. Ii twevetr cilreltv extillale rat's .1t0 

list (if iti 'l tlirrtiltv ihil. I . didilitrs) alidita 

no(t reflect tilet'iative l)lrchasint p iwers iif culrrelncies. Fur 
('Xillitl)e, tit' Iricc itf lilwr srvices (such ats cilrlulltry) 
relative to thst tonmm tMt~i1(if dtie s that tlltir iihtnitllal 
trad. (sucih as ,v",let- ditfers s'stell laticll*v Ibetween high-
aild i tw-incilnit clunltri s. The ( ;NP estnliats il 'ldhle 15.1 
were ctllvte(t frotll Itwal iltrn' icts to dttlars lsing (tlil-
rencv exchal i rites tiat sul)stllntiallvI t\vetrstat ilitttrila-; 
tiolilal diffel -lcesill r'al livill stlld;lrds. 

)fii'ia! l'eyel, ijliltlt ..\ssistalct', ((I )At fh ,ws calli Ite all 
hi porta int ,m npiit Oll f G N P.IT hese< il is and~ 1O;1ls Oni 

CtllC.' s imiial ternis it, tildlt I)v itlwlher ittluiltries Otfthe 
)rgaisalion fo)r E.c'lnl<imic ('O-opletrationl and Deuvelopmtiii. 

the Council ftr Miltual .cttnomic A\ssistance illd the 
()rganizatioin of Petroleum Ix'Apirting Countries, alId hv 
multilateral developlelltlbanks. Fifteen Africin cuuntries 

a 

i 

retcive net flows if ( )A it't of rtIN1',lent (f conlicessij!o:1 
h)ans) that ale equal to 1(0 percent (Jr more (if their (NPs. 
(St Chapter 26, "I'tlicies and Illstitutiois." 'Ilatle 26.3.) 
I however, ilc'rtasing, pallymelnts of ilterest il l)rillcipal oin 
HIOllucttll(I't'ssillil Ittllis ;a' liwA 'N,c('tdil. infhws of (OIDA 
for several l(Jtvkhpin4iltq 'ttntrits, 

ivld grlwth Oi 
tatt.rs of htu-l.-trui '(tltii1linhalth. (6Nl' data tell us little 
b tnt a lalitiol's wealth ill ilIlIaI llill(] natural resources, 

mid tinY dot not adeqtttl' ic(.'itll for chlll es ill a 
liatthll's liatural rest lrne assets. Rapid depletion (if llatural 
resotlrces ctcold reduce a collntrv's futtire ilcoel('. \ltho(ugh 

lilt slt r (I' lila'rlpove to he poor indi

thte curreint econitic .,'ain froti resource depletitn is 
treated as a positive contributioln to (;Nl the value of the 
naturalrnrlsoltCts c(illsulrle(i is no()t suhtracted. 

Ixterinal (iei)t indicators, l)resented ill lItile 15.2, itist be 
illterpr ted with Clltiitll. The ratios of dCi io GNP and of 
debt service tt expi irts indicate, ret-spectively, i C(all'trv's 
ioii- an(] siltirt-terill attilitv to finance its deibt. These ratios 

re also ilfluelltCd t)N tile llarity oOf tCOLt.r., s an 
l)otrttiu t,reschledili.g agreenllts call cimvert current 
Otbligatiolns hito ittli14r-terin finaiwil g. Tihe iniptact of debt 
upnia cltulltrv's rilrlwth totelltial, elmpj)loyment opplortuni
tics, social welfare, alid etnvirc lilental quality is diffictult 1o 
qU lall mId is iolt reflected il, 'lible 15.2. 

Allhough debt aild die)t ratitos have generally risen 
ilri )Ltih(tlt the develolpinlg world, growth has I)eemt ullevell. 
Fron 1970 ti 198.1, the ratio t)f debt to (;NP' ill Litil 
-\llmerica and the ('aribhealn riose frolnt the lowest (f all 
regitgis tOitle highest. Tis cthiall le reflects the fact that 
ltill AIerical itllti ('arihciillctllllties accUllulated 

almotst 60t lt,rceltiii all till, iew (tt c'reald betweell 
and 198,1. 

'il cltitinitdilv inldexi,. alid psrices presented ill h'llle 
15.3 reflect trallsictiilns ill world iliarkets. These clotmlnt(ili
ties are alsto trateti withil citunltries at prices thalt mtav vary 
widely fromi. thots oilfgl()bal liarkets itecause of transporta
tiolt dusts, tariffs.lli trade rtstrittiills. s.llsidis, and Otlher 
factors,. 

'Il'h(, conist im l p~ricet index f r 33; il(iftlul con) it lodi ties, 

ililstrated ill Figulre .1I las ctl i decliiing sinct the early
19!60s. For N60dl-85:, theu 33i-coniwit )ldit price index ha~s 

averaged a de line f slightly less than Ollte pitint per year. 
For 1971-85, it dte(iilletl ll all ilverlge i:tte trof5.4 )oilts 
per year. 
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1Table15.1 Gross NationalProduct, 1965-84____-_..
 

WORLD 

_ __ _ _ _ ',111lion 

Gross 
National 
Product 

1984 
SUS) Per Capita ($US) 

Average Annual 
Change In 
Real GNP 
(percent) 

1965-73 1973-84 
. ~ 

Agriculture 

Distribution of 
Gross Domestic 

Product 1984 
(percent) 

Industry Services 

AFRICA 
Algeria 
Angola 
9enin
Botswana 
Burkina Faso 
Burundli 

CameroonCape Verde 

Central Aican RepChad 

500G80 
X 

060 
940 

L040 
,0,0 

8,000IN0 

680x 

2,380 
X 

270 
910 
160 
220 
et0320 

P70, 

86 
X 

23 
130 
27 
50 
43x 

3109 

5,8 
X 

47 
108 
30 
3.6 
717A! 

0.5x 

6 
X 

43 
6 

43 
58 
22X 

39X 

53 
X 

14 
45 
20 
16 
35X 

20X 

41 
x 

43 
48 
38 
26
43X 

40X , 

Comors .A 
Congo
Cote d'ivore 
Dybou'iEgypt 

t..toia"" 

Ethiopa
Gabc,i
Garnbia 
Ghana 

Guinea.Bissau 
Kenya 
Lesotho 
Lberia 

Libya 
Madagascar 
Maawi 
Mai 
Maurtania 

Maui-us 
Morocco 
Mozambique 
Niger 
Nigeria 
Rwanda 
Senegal 
Sierra Leone 
Sornalia 
South Africa 

Suda "n 
Swaziland 
Tanzania, United Rep
Togo
Tunisia 

Uganda
Zaire 
Zambia 
Zimbabwe 

- ---------

neiXx 

2060 
6,030 

X33,340 

4,780
2.830 

"80 
4,730 
1,810 

160 
5,950 

790 
990 

29.790 
2.600 
1,430 
1,060 

750 

1,100 
14.340 

X 
1t10 

74,120 
1,610 
2,440 
1,120 
1,360 

73,970 
7,360 

590 
4,460

730 
8,840 

3,290
4,220 
3.020 
6,040 

X 
1.120 

610 

720 

.n--

110 
3.480 

260 
350 
300 
180 

300 
530 
470 

8.230 
270 
210 
140 
450 

1 100 
670 

X 
190 
770 
270 
380 
300 
260 

2,260 
340 
800 
210 
250 

1,250 

230 
140 
470 
740 

5.2 
6.4 
8.5 

X
3,5 

.-...... 
X 

4.1 
6.9 
4.6 
33 
3.0 
x 

84 
7.9 
7.2 

72 
37 
6 1 
3.0 
3.5 

2.5 
60 

X 
-1.1 
9.1 
63 
15 
4.3 
35 
53 

0.8 
8.8 
58 
57 
75 

4.1 
36 
2.7 
7.1 

4.o 
7.9 
36 

X
87 

,.,..-.---
X 

26 
t0 
1 5 

-0.9 
2.0 
2.0 
45 
7.5 
1,, 

2.7 
-07 
27 
3.9 
2.4 
3,3 
43 

X 
4,1 
0,6 
5.F, 
2. ( 
1fj, 
25 
26 
4.9 

'4,5 
1.8 
1L7 
58 

-13 
-1.0 
0.6 
30 

7 
28 

x
20 

-- - -
X 

48 
X 
X 

52 
41 
x 

31 
X 

36 
2 

42 
37 
46 
30 
14 
1W 
X 

33 
27 
X 

17 
35 
X 
5 

33 
X 
X 

22 
15 

X 
x 

15 
14 

_ _ 

= 

. 
60 
26 
X
33 

-X 

16 
X 
X 
9 

21 
x 

21 
X 

26 
4 

16 
18 
11 
27 
25 
32 
X 

31 
30 

x 
28 
25 
X 

47 
16 
X 
X 

28 
35 

A
X 

39 
40 

33 
46 
X
48 

36 
X 
X 

40 

38 
x 

48 
X 

38 
34 
42 
45 
43 
42 

61 
51 
X 

37 
43 

X 
5 

40 
X 

48 
51 
X 
X 

50 
50 

X
X 

46 
46 

NORTH & CENTRAL AMERICA 

Barbados 
Canada 
Costa Rica 
Cuba 
Dominican Rep 
El Salvador 
Guatemala 
Haiti 
Honduras 
Jamaica _ _ 

Mexico 
Nicaragua 
Panama 
Trinidad and Tobago
United States 

.. -2,980 

1,100 
330.870 

2,930 
x 

6.040 
3,820 
9,110 
1,710 

2,480 
158310 

2,700 
4,210 
8,350 

3 670,490 
. 

4,340 
13.140 
1,210 

X 
990 
710 

1,120 
320 
700

1,080 
2,060 

870 
2,100 
7,140 

15,490 

5.9 
5.3 
7.1 

X 
8 
4.3 
6.0 
1.7 
4.5 
58 
77 
36 
7.4 
3,6 
3.2 

2.0 
2.3 
1.9 

X 
3.2 

-05 
22 
2 7 
3.6 

"-2_3 

45 
. 1.1 

. 44 
47 
.4 

X 
3 

21 

15 
21 
x 
X 

27 
6 

9 
24 
9 
X 
2 

X 
24 
30 
x 

31 
21 
X 
A 

26 
39 

40 
30 
19 
X 

32 

X 
72 
49 
X 

53 
58 
x 
A 

47 
56, 

45 
72 
X 

66 

SOUTH AMERICA 
Argentina 
Bolivia 
Brazil 
Chile 
Ccolmbia 
Ecuador 
Guyana 
Paraguay 
Peru 
Suriname 

Uruguay 
Venezuela " 

, 

67.150 
2,560 

227,280 
20,340 
38.410 
o-

470 
.1120 

17,960 
1,350 
5,90 

57,360 

. 

. . 

, 

2.230 
410 

1,710 
1,7!, 
.,370 
,220 
580 

1,250 
980 

3,520 

1,970 
3,220 

4 3 
4.2 
9.6 
3.6 
63 
6.9 
4 2 
50 
3.6 

4.9 
25 
59 . , 

-0,2 
-01 

4.0 
20 
40 
44 

-1.1 
7 8 
L1,0 
2,4 
1.5 
1,88 . 

12 
25 
13 
6 

20 
14 
AX 

26 . 

8 
X8 

14 
7 , 

39 
33 
35 
39 
30 

.41 
X 

26 
40 
4 

29 
43 

.. . 

50 
40 
52 
56 
5 

X 
48 
51 
X 
57 
50 

MddrR,&-O.ei 1987 

240, 



'~Basic Economnic Indtr' 

j ----.~-L "-.- Tab e.1 5.1- -

Gross 
National 
Product 

1984 

Average Annual 
Change in 
Reat GNP 
(l'rcent) 

Distribution of 
Gross Domestic 

Product 1984 
(percent) 

Total (million SUS) Per Capita (SUS) 1965-7 ' 1973-84 Agriculture Industry Services 

ASIA .:... 1 _ _ _ _ _ _ _ _ 

Afghanistan 
Bahrain 
Bangladesh 
Bhutan 
Burma 

X 
4,260 

12.360 
x 

6620 

X 
10480 

130 
X 

180 

1. 
X 

0.1 
X 

2.8 

X 
X 

4.6 
X 

59 

X 
X 

48 
X 

48 

X 
X 

12 
X 

13 

X 
X 

39 
X 

39 
Ch'na 
Cyprus 
In 
ndonnj 

318,310 
2,390 

197.210 
85,400 

310 
3,590 

260 
540 

7.8 
14,9 
4.0 
8.0 

6.6 
5.1 
43 
66 

36 
X 

35 
26 

44 
X 

27 
40 

20 
X 

38 
34 

ran X X 12.2 X X X X 
Iraq X X 5.4 X X X X 
Israel 
Japan
Jordan 

21,290
1,248,090

4,340 

5,100
10.390 
1,710 

9.4 
9.9 " 

X 

2,9
4,3
96 

5
3 
8 

27 
41 
30 " 

68 
56 
62 

Kampuchea, Dem X x -27 X X X X 
Korea, Dem People's Rep
Korea, Rep 
Kuwait 
Lao People's Dem Rep 
Lebanon 

A 
84.860 
27,570 

X 
X 

X 
2,090 

15,410 
X 
X 

X 
9.8 
4 7 

x 
X 

X 
7.2 
7,4 

X 
X 

X 
14 
1 
X 
X 

X 
40 
58 
X 
X 

X 
47 
41 
X 
X 

Malaysia
Mongolia 
Nepal 
Oman 
Pakistan 

30,280 
x 

2,630 
7.380 

35,420 

1,990 
x 

160 
6.230 

380 

6.6 
x 

1.7 
186 
5.7 

71 
y 

31 
86 
62 

21 
X 

56 
X 

24 

35 
x 

12 
X 

29 

44 
X 

32 
X 

47 
PhilippOes 
Qatar 
Saudi ArabiaSingapore 

35.040 
6,020 

116.380t18,390 

660 
20,600 
10,7407,260 

5.4 
X 

10.812.4 

4 6 
-3.7 
8.08.1 

25 
X 
31 

34 
X 

6039 

41 
X 

3860 
Sri Lanka 5,660 360 44 52 28 26 46 
Syrian Arab Rep-" 18,540 1,870 6.3 71 20 24 57 
Thailand 
Turkey 
United Arab Emirates 
Viet Nam 

42,760
57,810 
28.480 

X 

850 
1,200 

22,300 
X 

7.7 
6.9 

X 
X 

6.2 
35 

10.3 
X 

20 
19 
1 
X 

28 
33 
67 
X 

52 
47 
32 
X 

Yemen 
Yemen Dom 

3.940 
1,130 

510 
560 

X 
y 

7.6 
X 

24 
X 

21 
X 

56 
X 

EUROPE . . 

Albania 
Austria 
Belgium 
Bulgaria 1 
Czechoslovai,,a 

X 
68.800 
83,070 

X 
x 

X 
9,140 
8,430 

X 
X 

X 
5.5 
5.2 

X 
X 

K 
2.6 
15 

X 
X 

X 
4 
3 

.;ZAX 
X 

X 
38 
34 
X 
X 

K 
58 
64 

X 
X 

Denmark 57,700 11,290 38 1.3 5 25 70 
Finland 
France 
German Dom Rep
Germioy. Fed Rep 

53,090
542,960 

x 
678,880 

10,830
9,860 

X 
11,090 

52 
5.5 

X 
4.7 

2.8 
2.3 

X 
2.0 

7 
4 
X 
2 

34 
34 
X 

46 

59 
62 
X 

52 
Greece 36,940 3,740 7.7 2.7 18 29 53 
Hungary
Iceland 
Ireland 
Italy 

21,950
2.250 

17,500 
367,040 

2,050
9,380 
4.950 
6,440 

6.1 
4.3 
4r8 
5,2 

4620 
23 
2.8 
2.0 

X 
11 

5 

42 
X 

25 
40 

38 
X 

64 
55 

Luxembourg 
Malta 
Netherlands 
Norway 
Poiand 
Portugal 

4.980 
1,210 

13,830 
57,080 

X 
20,050 

13,650 
3,370 
9,430 

13,750 
K 

1,970 

5,8 
7.7 
5.3 
4.0 

X 
70 

2.5 
8.7 
1.4 
35 

K 
2.3 

x 
X 
4 
4 

15 
9 

X 
X 

32 
43 
52 
40 

K 
64 
54 
33 
50 

. 

Romania 
Spain 
Sweden 
Switzerland • 

K 
172,360 
99,060 

105.060 

K 
4.470 

11,880 
15,990 

X 
6.4 
36 
4.4 

K 
14 
1,1 
09 

X 
X 
3 
x 

K 
X 

31 
XX 

X 
K 

66 

United Kingdom
Yugoslavia 

480,680
48,690 

8,530
2,120 

2.8 
6.1 

1.0 
3.9 

2 
15 

36 
46 

62 
40 

Australia 
Fip 

184.980 
1,250 

11,890 
1840 

56 
80 

2,7 
3.1 

X 
X X 

X : 
X 

New Zealand 
Pa Ne Guinea 

23,530 
2,480 

7240 
760 

3.8 
59 

1.2 
1.2 

9 
34 

32 
9 

60 
58 

Solomon ilands , x X x X 

Source: The World Bank. 
- not available, 
Faddonal information, see Sources and Technical Notes. 
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abeA 5.2_.Externa1L.Debt- -ndicators,_ .1970-85- -, --
Disbursed - Debt Service asLong-Term Public Debt Debt as Percentage of Percentage of Exports of

(million SUS) Gross National Product Goods and Services 
1970 1975 1980 1984 1985 1970 1980 1984 19851975 1970 1975 1980 1984 1985
 

TOTAL-107 COUNTRIES . '49,486 125,718 351,758 552,962 .. X 13 15 20. 33 X 10 9 13 1 ' X 
SUB-SAHARAN AFRICA 5,433 13,992 41,018 57,306 X 15 16 23 38 X . 5 6 7 17.4 X
 
Benin 41 79 332 585 677 16 15 29 60 )X 2 4 3 9a X
Botswana 15 152 334
147 277 18 58 18 31 X 1 3 2 4 XBurkina Faso 21 63 301 407 X 6 10 21 43 X 6 6 8 9a 
Burundi 
 X7 18 141 334 X 3 15 36 X
4 2 6 8 8a X
Cameroon 132 372 2,049 1,738 1,975 12 15 31 23 25 3 5 9 9 8 

peX 1 20 68 X 19 70 X X X X X XCentraf African Rep 24 71 160 224 X 14 19 20 37 X 5 7 1 128 XChad 32 67 202 109 X 12 14 40Comor 1 5 43 101 129 8 
X X 4 6 3 2 X

5 36 X X X X 2 25 XCongo 144 423 1,132 1,39C X 54 57 71 X 11 13 21
a 

X
76 10 

Cote dlvoire 256 943 4,347 4.835 X 18 25 43 84 X 
 7 9 24 21 XDjibouti X X 26 62 98 X X 8 X X X X X X XEquatorial Guinea 5 25 58 103 X 8 24 X X X X X X X X
Ethiopia 169 344 701 1384 X 10 13 17 30 X 11 7 E 14 X
Gabon 91_ 797 1356 725 X 29 40 36 24 X 6 5 
 17 98 XGambia 11 46 101 X 1 i 1
 
Ghana 49f, 689 1,100 1,122 X 26 25 25 23 5 6 8 X
X 13Guinea 313 759 1,030 1,168 1,361 47 68 F3 59 X X X X X XGuinea.Bissau X 7 104 149 X X 6 99 112 X X X X 128 XKenya 319 604 2,216 2,633 X 21 19 32 46 X 5 4 12 22 X 
Lesotho 8 14 63 134 X 8 5 10 24 X 4 0 1 5Libf.ria 158 179 567 781 871 50 31 58 80 X 8 8 6 4 X 

X 
Madagascar 93 174 1,021 1,6,36 X 1011 32 73 X 4 3 11 24a XMalawi 122 ?57 647 731 X 43 42 76 45 7 8 22 XX 233Mali 241 343 697 ,153 1,327 89 55 52 115 X 1 3 4 9 X 
Mauriania ,27 188 731 1171 X 14 42 109 7 X 3 21 11 '04Mauritius 32 46 296 351 X 714 26 35 X 3 2 6 15 XNiger 32 112 399 
 67P X 9 17 22 62 4 5 6 XX 18a
Nigeria ' 458 1053 4,238 11,641 13,016 5 3 5 16 15 4 3 2 25 31Rwanda 2 24 163 254 324 1 4 14 16 X 1 1 2 5 X 
Senegal 100 304 926 1,555 ;7aX 12 17 32 69 X 3 6 20 XSeychelles X X 25 43 X X X 18 288 X X X 0 4 XSierra Leone 61 149 350 330 391 15 24 33 34 52 11 10 14 10 XSomalia 77 230 714 1.233 X 21 33 61 90 X 2 3 4 29 XSudan 307 1,235 3,802 5,659 X 15 29 55 77

a 
X 11 22 10 14 X 

Swazlar'd 37 34 166 171 X 33 12 29 35 X X 1 3 5 XTanzania. United Rep 250 803 2.011 2,594 X 20 31 41 68 X 5 6 11 14 a XTogo 40 170 915 667 787 16 20 83 104 X 3 10 8 29 X.
Uganda 138 a
212 603 675 X 7 9 20 14 X 3 5 7 21
Zaire 311 1,718 4,288 4;240 4825 18 74 a 
X 

49 137 X 4 15 17 8 X
 
Zambia 623 1,147 2,185 2,779 
 X 36 49 61 114 X 6 11 18 11 X
 
Zimbabwe 239 190 697 1.413 1,526 16 6 13 28 2 1 3 X
X 20 

EASTASIA & PACIFIC 5,729 17,795 47,803 81,603 . X 14 17 18 
 26 X . 5 4 r5 . 7' "X 
Fiji 10 56 180 290 X 5 15 25 X 28 2 3 10 XHong Kon 2 21 485 270 X 00 2 1 X 0 0 0 0a XIndonesia 2,443 14.9717,994 22.883 X 27 27 22 30 X 8 8 157 XKorea, Rep 1,797 5,545 15,780 24,642 X 20 27 26 30 X 19 11 12 14
Malaysia 390 1,338 3.865 11,846 X 10 15 17 39 X, 4 3 3 8 

X 
X
 

Papua New Guinea 39 275 510 949 1,010 6 21 21 41 X X X 16 13 XPhilippines 574 1,384 6,526 11,176 X 8 9 19 35 X 7 7 7 14Singapore 154 550 1,320 1,905 1,791 8 10 12 11 X 1 1 1 
X
 

Solomon Islands X X 8 26 X X X 6 15' X X X 0 0 
1 X 

X
Thailand 326 616 4,100 7,538 9,800 5 4 13 1b 25 3 2 5 12 15 
Vanuatu X X 4 5 7 X X 4 X 71 X X 1 X 
Western Samoa X 16 55 64 65 X X X Xx X 7 16 14 X
 
LATIN AMERICA & CARIBBEAN 15,751 45,081 128,951 246,083 11 19 X 14' 24'
X 13 40 13 21 " 

entrna 1.878 3,121 10,186 28.671- X 9 9 18 41 X 22 22 18 29 X ,
rnas 44 95 90 209 X 12 23 12 22 X X 2 2 4 XBarbados 13 9827 302 352 7 7 12 27 X 2 3 31 XBelize 4 5 47 76 94 9 28 44 x X X5 X1 X 7X
Bliva 481 824 2,227 3,204 X 35 34 53 98 X 11 15 27 38 X 

Brazil 3,234 13,923 39.894 6r6,502 X B 11 17 34 X 13 18 35 27 XChile 2,067 3.733 4,740 10.839 X 26 34 18 63 X 19 27 22 26 XColombia 1.299 2,377 4.084 7,980 X 19 12 23 X19 12 11 9 21 7Costa Rica 134 421 1,701 3,380 X 14 22 37 110 X '. 11 17 26 7X
 
DorninicanRep .226 4149 1,229 2.8 6 1 1 X 5~ 12
50 188 XEcuador 193 434 3.300 6,630 X 12 29 76 7Y 410 f- 19 33 XEl Salvador 88 196 527 1,388 X 9 11 15 35 17aX 1t'9 3 XGrenada 6 .229 40 X 30 28 35 49 X X'. LX .1 10, XGuatemala 106 143 549 1,991 2.148 6 4 7 22.7 X 7 'f2 2 15 XGuyana 85 96 566 681 721 34 60 103 .6 X 4 5 17 20 X 
Hati 40 57 267 494 534 10 8 18 27 .8 7 7 X7
Honouras 95 268 991 1,1341. X 4 25 42 61 

X 
X 3 5 10 1

6 
5a X
Jamaica 160 695 1,396 2,175 X7 12 32 58 in5 X 3 7 14 21 XMexico 3,196 11,394 33,679 69,007 X7 9 13 19 42 X7 24 25 32 34 XNicaragua 147 593 1687 3835 X i 36 81 142 11 12 16 1 X× 18 

Panatna .2 1 1 266 171 20 42 68 73 X 8 6 6 8 X 
Paraguai 112 189 633 1,287 .1.525 13 11 16 33 71 12 9 12 13 X 
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___ 	 ... ,. -Table -15.2- 
'., . ,. Disbursed Debt Service as
 

Long-Term Public Debt Debt as Percentage of Percentage of Exports of

(million $US) Gross National Product Goods and Services 

__________' ________" ____, 21970 1975 1980 1984 1985 1970 1975 1980 1984 1985 1970 19751980 1984 1985 
Peru . " 856 3,021 6,169 9,825 X 13 20 33 50 X 12 26 31 15 X 
StViicenl 1 3 10 21 23 3 10 18 22 X X X 1 2 a X 
TrindadandTobago 102 159 623 915 1,087 12 7 10 10 X 5 2 6 5 X 
Uruguay . 269 618 1,127 2.545 2,686 11 18 11 52 X 22 41 12 30 X 
Venezuela 728 1,262 10,873 17,241 X 7 5 18 38 X 3 5 13 13 X 

NORTH AFRICA & MIDDLE EAST> 4,366 13,798 44,430 >50,876 X 19 27~ 38~ 38 :X 14; 11, '21 V 258', X 
Algeria 937 4,477 16,298 12,052 X 19 31 41 24 X 4 9 27 32 X 
Egypt 1,750 4,842 12,378 15,808 X 23 42 50 50 X 36 28 22 34 X
Jordan 119 340 1,265 2,336 X 24 33 39 56 X 4 5 8 15 X 
Lebanon 64 46 197 179 X 4 X X X X X X X X X 
Morocco 711 1,757 7.109 10.169 X 18 19 39 83 X 8 7 37 38 X 
Oman X 287 440 1,346 1,945 X 17 8 19 )( .X 2 5 5a X
Syrian Arab Rep . 232 685 2,107 2,453 X 11 10 16 15 X 11 8 12 11 X 
Tunisia ."541 1,021 3,227 3,707 X 39 24 37 46 X 19 8 14 24 X 
Yemen X 244 900 1,688 1,868 X 26 30 44 X X 9 6 27 X
.ee.,rDem 1 99 499 1,252 X X 32 62 107 X 0 0 5 22 X 

SOUTH ASIA 311,419 19,819 32,898 42,627 1 X 15 17V 16 217 .X A18,O3 15310 13 X 
* 	 Bangladesh X 1,605 3,549 5,155 5,966 X 11 28 37 39 X 18 7 14 17 

Burma 101 281 1.453 2,219 X 5 8 25 35 X 16 17 23 37 X
India 7,940 12,244 17,574 22,403 X 15 14 11 12 X 22 13 9 10 X 
Maldives X X 25 51 52 X X 51 X X X X 1 18 X 
Nepal 3 34 174 427 527 0 2 9 17 X X X 2 3 X 
Pakistan 3,081 5,099 8,785 9,990 10,681 31 45 34 30 32 24 19 18 27 32 
Sri Lanka 321 597 1,344 2,422 2.815 16 20 34 41 X 11 22 6 11 X 

EUROPE & MEDITERRANEAN .- 6,798 -15,234 56,658 '74,467' N' 14 10 20 N33 X < 8 '. 7 111 18 X 
Cyprus 	 57 *76. 398 769 923' 10 11 18 37 X 2 3 5 9 X 
Greece 905 2.633 4,788 9,456 X 9 12 12 28 X 9 13 11 18 X 
Hungary X X 6,376 7,380 X X X 29 38 X X X 14 24 X 
Israel 2,274 5,915 11,495 15,415 X 41 46 62 77 X 3 19 12 18 X 
Malta 26 32 101 104 106 10 7 8 10 X 2 1 0 1 X 
Portugal 485 1,08 6,576 10,583 X q 7 27 59 X X 4 15 36 X
Romania X X 7,131 6,296 X X X 13 16 X X X 10 12 X 
Turkey 1,854 3,165 15,195 15,774 X 14 9 26 32 X 22 13 28 23 X 
Yugoslavia 1.199 2,325 4,598 8,690 X 9 8 7 22 X 10 7 5 7 X 

Source: The World Bank,
 
Note: a. 1983 data
 
0 = zero or less than halt the unit of measure; X - not available.
 
For additional information, see Sources and Technical Notes. 
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Basic Economic Indicators 

.Table. 53Mrd-Cm oiy Idxs-n Trce 1908--- -

COMMODITY INDEXES (Index numbers based on constant prices with 1977-79 100) 

33 Nonfuel Commodities 
1960 

107 
1961 

100 
1962 

98 
1963. 

117 
1964 
115 

1965 
107 

.1966 
106 

1967 
98 

1968 
100 

1969 
103 

1970 
102 

1971 
92 

Total Agiculture 104 95 - 94 121 111 92 89 87 88 91 91 86 
Tolal Food 92 87 85 121 109 86 83 82 82 86 89 83 
Beverages 71 66 62 62 70 66 62 60 60 59 64 53 
Cereals 111 120 130 132 129 125 136 143 140 132 113 103 

Fals and Oils 104 106 98 105 106 117 11 103 100 94 104 99 
Other Foods ill 96 97 223 167 84 76 79 80 105 109 116 

Nonio Agricultural Products 155 131 128 121 120 117 114 107 112 114 100 96 
Timber 72 73 79 78 65 75 76 80 876 76 73 
Metals and Minerals 125 120 115 115 138 158 164 136 140 146 143 117 
COMMODITY PRICES (In constant 1980 SUS per unit measure) 

Cocoa 
(kg) 

1972 
1.61 

1973 
2.44 

1974 
2,76 

1975 
1.98 

1976 
3.21 

1977 
541 

1978 
423 

1979 
361 

1980 
2.60 

1981 
2.07 

1982 
1.78 

1983 
2,20 

1984 
2.53 

1985 
2.36 

1986 
2.17 

*(kg) 
Coffee 2.81 3.29 286 2.94 5r17 9.70 397 4,26 4 b8 385 325 327 3.48 3.50. 609 

Tea 
(kg)' 
Rice 
(ric'ric ton) 

2.63 

367,5 

2.28 

7543 

248 

9593 

2.21 

5782 

2,41 

399.5 

384 

3889 

2.72 

4565 

236 

363,3 

223 

433 9 

201 

4804 

1.98 

3001 

2.42 

287.2 

3,65 

2659 

2.08 

2261 

1.96 

225,0 

Grain Sorghum 140 0 200,4 214.2 178,2 1652 1263 116.5 1188 1289 1258 111.2 t33 125,5 1lr7.9 97.5 
Maize 

(n t,Ion) 
1400 2112 2336 190.5 176.5 1361 1251 1266 1253 1302 112.0 141.1 1434 117.5 1055 

Wheat 

(metric ton) 
0, 178.3 317.2 369.4 2887 234.1 154 167.5 189.1 190.8 1954 170,6 1758 1745 181.5 189,2 

Sugar
(kg) 

040 0.45 1,16 072 0.40 026 0.21 023 063 0.37 0 19 0.13 012 0.09 0.15 

Beef 
(kg) 

370 433 280 2.11 2,48 215 2.66 316 2.6 2,46 2.45 2.53 2.40 226 2.19 

* Lamb 
(kg) -

246 2.98 
.. 

232 227 242 236 2.70 2.60 2.89 273 244 2.00 203 1.93 235 

Bananas 

(kg) 
041 0,36 0,33 039 040 039 0.36 0.36 038 0,40 

________________________ 
038 0,45 039 0,41 -

Black Pepper 
(kg) 
Copra 
(mlric ton) 
Coconut Oil 
(metric ton) 

2,55 

352,3 

5855 

2.76 

7610 

1,105.6 

331 

1,171.7 

1,7664 

,19 

408.1 

626,6 

308 

431.7 

6562 

359 

5747 

826.0 

291 

584 4 

848,7 

2.32 

7376 

1,079.5 

1,99 

,1538 

6738 

1.58 

3770 

567.1 

1.59 

321.9 

475.8 

, 175 

5145 

7572 

2.41 

749.1 

1.217.9 

X 

404.2 

618.0 

X 

1964 

295.2 

Groundnut Meal(metric ton)
Groundnut O 

3050 
1,064,8 

5733 
1,177.2 

3080 
1.905.8 

2229 
1,364.7 

2763 
1,16,33 

311.4 
1 217.6 

1254,7
A1,3406 

231.4 
974.5 

2403 
858 

236.7 
1.037.8 

1938 
5993 

207,5 
737.5 

197.4 
1072.5 

150.1 
947,5 

172.5 
611,2 

(metric Ion)
Linseed 362.5 3894 9234 538 2 4788 3884 310.1 366,0 .350.9 352,5 3053 287,7 3147 X X 
(metric ton) 
Linseed Oil 
(melic Ion) 

516.0 1,212.1 1,9986 1 116.2 8571 659 9 5,394 700.7 697.1 656.7 531.9 502.7 604.0 X X 

Palm Kernels(metric ton) 2903 5573 8227 3293 36111 466.1 451.9 5483 3451 3157 271.5 3789 557.6 X X 
Palm Oil 5433 8136 1,184.1 6914 6382 757.1 745.6 7169 5835 5679 456.1 520.1 7688 5242 271.1 

Soybeans 
(metnic ton) 

30 625 490 350 363 400 333 127 296 287 251 293. 298 235 225 

S 
Soybean Oil 
(metric ton) 
Soybean Meal 
(metric ton) 

. 675 

323 

1,002 

651 

1,407 

326 

986 

247 
. 

688 

311 
. 

823 

329 

754 

265 

726 

267 

597 

262 

504 

251 

458 

224 

547 

247 

764 

208 

599 

165 

389 

194 

Fish Moal 
(metric ton) 
Cotton 

593 

1.98 

1,168 

2.92 

658 

250 

390 

1,85 

590 

2.66 

649 

2.22 

509 

1,5 

433 

1.85 . 

504 

205 

466 

1.84 

362 

1.64 

470 

102 

394 

1.88 

293 

1.38 

328 

1.09 

Burlap 
(meter) 

0 56 
-

046 0,46 052 035 0,30 031 0.27 0.33 0.40 0.27 0.27 030 X X 

Jute 
(metric ton) 

747.5 622.8 6248 5908 4641 458 .4 5400 424,8 310.0 274.6 2928 3135 559.9 610.4 28J0 

SIsat 

(metric ton) i 
600 

eu:trt.198?. 
1,136 1,869 924 736 

."'j
733i"609 775 765 . A2 608 584 616 550 537 'V 
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--Tablel 5.3.--

COMMODITY INDEXES (index numbers based on constant prices with 1977-79 100) 
1972 1973 1974 1976 1976 1977r 1978 1979 1960 1941 1982 1983 1984 1985 
94 122 157 112 109 112 93 97 113 91 77 82 81 73 
92 120 164 113 110 116 94 93 113 89 .73 78 78 67 

92 119 175 119 110 119 93 91 115 89 70 74 75 64 

54 59 56 48 90 138 89 81 66 54 58 59 70 62 

101 178 212 149 119 100 104 96 105 112 84 91 88 80 

89 157 150 89 94 106 97 98 82 79 66 79 96 73 

155 170 374 241 149 105 93 103 219 141 86 \P9 65 54 
91 124 114 89 111 102 97 102 106 92 83 95 90 81 

67 100 99 67 89 91 80 124 137 102 106 99 113 109 

107 135 149 116 111 104 92 104 106 93 85 88 85 84 

COMMODITY PRICES (in constant 1980 SUS per unit measure) 

Wool 
(kg) 
Natural Rubber 
(kg) 

1972 
6.00 

100 

1973 
11.07 

1.69 

1974 . 

6,50 

1,54 

1975-
4.37 

I05 

1976 
5.35 

1,37 

1977 
511 

131 

1978 
4.66 

138 

1979 
4.86 

1.56 

1980 
4,60 

162 

1981 
4.25 

125 

1982 
4.02 

1.03 

1983 

3,77 

1,28 

1984 
3,86 

.16 

1985 
3.73 

097 

19862 
345 

095 

(uogc meter) 94.0 141.4 139.1 94.4 1250 1283 114.0 175.7 192.9 143,9 1488 140.3 1593 1382 1535 

PIwood 
(eel) 

2,39 4,07 2.70 1.94 2.32 2.36 2.35 2.88 2.74 2,44 238 2.38 239 221 2.75 

Sawnwood 
(cubic meter) 
Tobacco 
(metric ton) 
Coal 
(metric ton) 
Petroleum 
(barrel) 
Gasoline 
(metric Ion) 
Jet Fuel 
(metric ton) 
Gas Oil 
(metric ton) 
Fuel Oil 
(metric ton),16 
Aiuminum 
(metric ton) 
Bauxite 
(metric ton) 
Copper 
(metric ton) 
Lead 
(metric ton) 
. in 
(metric ton) 
Zinc 
(metnc ton) 
Iron Ore 
(metric Ion) 
Manganese Ore 
(10kg Mn) 
Nickel 
(metric ton) 
Steet 
(metric ton) 
Phosphate Rock 
(metric ton) 

265.0 

2,4C5 

47.90 

4.8 

76.0 

783 

67.0 

35.3 

1,080 

30.00 

2,678 

755 

9,425 

978 

320 

1.59 

7,700 

4493 

288 

3364 

2,073 

A3.04 

5.8 

189.2 

1955 

1802 

61.9 

1,429 

2694 

3,849 

927 

10,405 

981 

36,9 

1.61 

7,270 

403.5 

29.7 

2533 

2.266 

78 80 

19.8 

232.0 

1889 

182.8 

;230 

1,671 

41.06 

3,644 

1,050 

14,515 

1,404 

33.6 

1.99 

6,770 

452.2 

965 

. 

265.0 

2,416 

86.42 

17.4 

191.6 

180.3 

1592 

98 9 

1,099 

4029 

1,970 

664 

10,940 

1,368 

36.0 , 
-

2.19 

7,277 

4619 

106,7 

263.9 

2,215 

84.08 

18.4 

2165 

187.8 

168.6 

107.5 

1,353 

42.70 

2,199 

699 

11,903 

1,292 

34 4 

228 

7.808 

464,2 

565 

2201 

2,386 

77.51 

18.3 

1680 

1850 

1683 

1089 

1.416 

44.00 

1.870 

883 

15,374 

1,083 

30.9 

2.11 

7.433 

160,9 

436 

255,2 

2,099 

69,24 

16.0 

1988 

181.6 

159.8 

940 

1,298 

4261 

1.696 

822 

16,035 

849 

24.1 

1.78 

5,729 

452.1 

360 

371.8 

2,336 

61,95 

20.4 

367.3 

3841 

340 9 

146.5 

1,667 

40,13 

2,177 

1,325 

16,950 

901 

25,6 

1.51 

6,563 

444.4 

36.2 

365.1 

2,300 

55.70 

30.5 

358.0 

349.3 

3,17 1 

17/ 2 

/730 
/,7 

41.20 

2,183 

906 

16,775 

825 

26 7 

1.57 

6,519 

4528 

467 

3126 

2,338 

57.76 

34.2 

352.3 

333.7 

297.2 

182.6 

1,331 

39.80 

1,733 

723 

14,089 

977 

24.2 

1.8 

5,924 

505.4 

493 

309.4 

2469 

57.79 

340 

331.6 

3303 

2968 

16&0 

1,07 

36.89 

1,516 

559 

13,141 

869 

26.5 

1.68 

4,957 

547,8 

43.4 

315.7 

2,329 

59.62 

30.2 

293.8 

288.0 

257.5 

169.5 
1,551 

36.00 

1,652 

441 

13,473 

946 

24.9 

1.58 

4,847 

566.5 

38.3 

323.6 

2,101 

61.00 

30.1 

271,8 

2762 

251.6 

1882 
1,446 

35,06 

1,453 

467 

12,04 

1,130 

24.5 

1.51 

5013 

5703 

40,4 

2893 

X 

X 

29.1 

267.2 

277.3 

251. 

1588 
1,163 

X 

1,484 

409 

12,507 

932 

23,8 

X 

5,130 

X 

35,5 

2183 

X 

X 

28. 

185,9 

195.3 

174. 

848 
1,331 

X 

1,478 

396 

X 

779 

22.9 

X 

4,216 

:X 

356 

Diammonium 
Phosphate (DAP) 
(metric ton) _ .90 
Potassium Chloade 
(metric ton) 
TripleSuperphosphate 
(metric ton) 
Urea " 
(metric ton) 

227,5 

838 

170 

148.3 
r 

256.0 

91.6 

216 

204.3 
a.." 

588.7 

107,1 

538 

558.9 

3869 

"1295 

322 

3153 

188.4 

863 
________ 

143 

1758 

190.0 

72.9 

139 

1820 

173.7 

70.1 

122 

179.9 

212.0 222.2 

841 11517 
______....____ 

161 180 

189.6 222,1 

1940 

111a 

160 

2149 

187.3 

8.36 

141 

162,7 

781 

140 

140.5 

i 194199.5 
, 

88.3 

139 

1807 

17T0 
11. 

88.0 

127 

1427 

1753 
175.3 . 

788 

136 

1145 

Source: The World Bank., ,

Note: a.1986 data refer to January through July,
X-r'ot availabale;
For, additionat information, see Sources, and Technical Notes . . ft.rd Riacrs 1987 
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Basic Economic Indicators 

Sources and Technical Notes 
Table 15.1 Gross National Prod-
uct, 1965-84 
Sources: (NI: Tht \\orlWI tank, The it0rl 
Baok A../s 1., '1'l\\7, rldBank, Wishing-
tin, D.C. I986). (Change In("\P: unpublished 
World Bank data (l)ctober II'. I )istribution of 
Griss Domestic Prduct: Th,.' Bank.\Woirld 
t orlli'ieh pfnIitt t'pi,rt ,.'V;((xi riof 
Li versitv Press, Ne 'I irk, Pl,;). 

rossNathoioal 'riduct is tic si Jolt,,, 
coinpi( uis:the (rnss DIiislic trosducth,. 
final i 'itlpilt of giids and sirvices proiitiduh, 

litii doliestic ieolloli.., including lit'Nli ts (if 
otlIs iindt itnitlactor si'rvit's) and littfit(itr 

inco1C frfioi airoad. Nil factor it(,oc fnti 

abriad is inico r'sidet'ts receive la
lne 

basis fronm
abriad for factor services flabor, 
ilvestilett. ;in(]liatis). %listciiuntries vsiilnate 
(nss l)Dicstic fridut iv the pi duction 
nielliod IThis iiiethd slios tihefinal outpiits 01i 
tue vario us sictirs i,'(oionivif lith (agricutIltur. 

iatlifacturing, giovernliii'ut sirvice,, itc.)frn 
which the Value of t(le Iipuslts Iroluction 
have ein subtracted 

Gross Natiional Product in domestic currm 
as i tnverted to 's ioiliarsiusing , threi-vcir 
veragi exchaligi late,adjusted (Or domulic 
Iid I.S. inflatiin 19Sll (;N' dat are io 'pi-

sioial. 
Ifhii average aiual pi'rcentage ch;iln if 

(NP calculated hY fitliii a le;ast-square 
regression iii lie gaithinic v e irt ih 


)Nl 

Th agricuIIltiral sictoiinclude s farming, tr-

liit-industrialustryv,Inting. and fislhing: sector 

giustructiou 

an] tii' prvis ii 'if eletricity,waiter,itd gas; 

an(ithe ,f%rvuIe si, llIi 0 


inciudes nlinlg, cilulrfautui , 

(.ir 111si aries iiaiz r 
vc( iiiillic tilvitv itcils, a silaith, fr tctii if 

agricultural, firestry, huntiig, ad fisiing (it-
put diiis notietr th.,nonevi i icon ('spe.

ciallv ill dtvilpillg illilnies with iur.u sl isis-c 

ieInce ,the oullit (i tfis scliirpiiflations uIid 

of U )l' are iftuin difficull ti estilniatc 
Gruuss Natiiial Irduct data are tciliued bv' 

countrics tlaus a markut-o rieut'd sysl.uilifi 

acuunts.W)rlid liank i'unuOnist 

odiuialtv review ;fu nitiominlic i iciilitllui 

nati ii 	 perI-

v 

noial (,Nt' figmire., to fituiinlliil dehfinitiois. 

"ht, lic -C i I)vpirt-


pruictls if ilvui ping (inlitri's and ailjusi 

,n A lysis anl l'rijvui 

rinent f thtBank reviews ciulitr iv
dati lllil-

alis ;itu further adjiusts theii ,sn eeded. 


For additiioual iifiritioin nprucedurtes 

usiid ti estitliate ("NPIsci' thu 'Iichnici Nitt's 


to tli Vorld )u'vel piinent hiliiitiirs Aiex. 

lilid It,'olli'ii Rc'port 

Table 15.2 External Debt Indica-

tors, 1970-85 


-Source:The World Bank, Itirld leht 'ihhs 
and First and Second Stpihi'enetts (The o,'rld 
Bank, Washington, D.C., March, July, and 
Augu:t 1)86). 

The World Bank operates t i'elb)ebtlr Ripi rt-
iug System (R S), which compiles rtpirts sup-
plied by 107 of the Bank's menilr countries. 
Countries submit detailed repo rtson theitannual 
status, transactions, and terms of the long-term 
external debt of public agencies andt ofpublicly 
guaranteed private debt.Additional data are 
drawn from tht Workl Bank, the International 
Monetary Fmnd (IMF), regional development 
banks. government lending agencies, and the 
Creditor Relx)rting System (CRS). The CRS is 
operated by the )rganisationt forEciinonic Co-
operation and I)evelopment tocompile reports 
from] the inenibersiof its levelopment 
Assistance Co nmittee. 

A country's external liabilities include long-

term debt. use(utIMF credit, and sthiirt-term 

debt. 


Ilng-terin debt is an1otltigation witi a malu
rity ofat least iine year thatis owed tononresi
dets and is repayable in foreign currency, 
goods, o r services. I ing-terit debt is divided 
into long-terin public and publicly guaranteed
 
debt indlig-terni private debt. PuIC debt is 

aitobligatioi if a natiotal or suhnational 

givernmett or of theiragencies and aUto o-

nious bodies. 'ublicly guaranteed debt is an 

external obl;gation of a private debt'- thatis 

guaranteed for repayiuent by a publi, rntity. 
The data describvd as "disbursed loig-term 


public deht" are outstanding public aditpublicly 

guaranteed long-term debt. IMF credit, private 

nlonguaranteed debt, a: all short-term debt 

are excluded. 


Private nionguaranteed debt is an external 
bligation
ofit private debtor thatis not 


guaranteed tiy i public entity Data forthis 

class ifdebt are less extensive than those fur 

.llicdebt; many countries doinot report these 


data through the IDRS. Repxrting has improved 

recently, however, with complete or partial data 

currently available from 36 couttrius and 

World Bank estimates available fiir I.I
others,. 

These 50 countries account forthe majority if 

the private nunguaranteed debt ofdeveloping 
countries. lin1981, the private nonguaranteed 
debt if the f07members of the DRS wits esti-
niated at one-fifth their "dishursed long-terni 

public debt.' 


Stur-lerm debt is public iir private deit that 
has i naturity of iilieyear oir luss. This classOf 
dutti is 'sp''iallydifficult forcountries tinio i-
tr I iliy a few cu'muntries sUpply these dala 
through thi' i RS; ih'Biank stnlplemeitis these 
data with crediormutry reports ;it informnia-
tionfrom international clearinghus' huoks 
and 'other siurces toderive rough estimates of 
short-teriidbt. In 1984, the shrt-erii dtebtoif 
tti i0ll ielilers o the DRS was estinmaited at 
,,it, iig-termi publicquarter if their "dislburseI 

debt.-
)ebt as i pitrcetit if(;NP is calculated 

lising the '-disbursed lig-tcrti puilic debt-
describted alave. Griss National product is 
definid in(he,li'ctical Note for'hithle 15.1. 
lilaldebt serv;i:ecoipfrises actual interest pay-

ments and repayments ofprincipal inade on 
tli, -disbursed loing-terin public debt" inlforeign
currentcies, goods and services in the year
specified. Exports of goods and services are the 
tot Value ofgoods and allservices sold to the 
rist of the world.These data are from IMF files. 

IDebt data are repoirted to the Bank in the
 
units ifcurrency in wthich they are payable.
 
The Bank cmverls these data tioU.S. dollar
 
figures
using tie IM F par values or central rates 
i r,where ;,ppropriate, the current market rates. 
Debt service data are cinverted to U.S. dollar 
figures at the average exchange rate forthe 
given year. (omnparability ofdata amiing coun
tries and vi-ars is limited by variatiins in 
Mitids,. definitions,and ciiniprehensiver-ss of 
data 'olleitioi and repiirting. Refer thetoi 

Saitirce fordetails. 

Table 15.3 World Commodity
Indexes and Prices, 1960-86 

Sources: The World Bank, Commodity Trade 
and lrice Trends (Johns Hopkins University
 
Press, Baltimore, Maryland, 1986); and unpub
lishedWorld Bank data (August 1986).
 

Price data are compiled from major interna
tional market places for standard grades of
 
each commodity. For example, the gasoline
 
series refers to 91/92 octane regular gasoline,
 
in barges, fLo.b. (free on board) Rotterdam.
 
Recent data are provisional.
 

The 1980 U.S constant dollar figures were
 
derived by converting current average monthly
 
prices in local currencies to U.S. dollars using 
the monthly average exchange rate. These
 
monthly average U.S. dollar figures were then
 
averaged to produce an annual average dollar 
figure, which was adjusted to 1980 consta,t 
dollars using the Manufacturing Unit Value 
(MUV)index. The MUV index is a composite 
price index of all manufactured goods traded 
internationally. Currenl price data for January. 
July 1986 were adjusted to 1980 constant dollar 
values using the 1985 MUV index number. 

The aggrigate price indexes have the follow
ing compoints: 

I. 33 Nonfuel commodities: individual items 

listed tinder 4-10 below; 
2. 	 Total agriculture: total food and nonfood
 

agricultural products;
 
3. "16tal foods: beverages, cereals, fats and oils, 

other fox)ds; 
4. Beverages: coffee, cocoa, tea; 
5. Cereals: maize, rice, wheat, grain sorghum; 
6.Fats and oils: palm oil, coconut oil, ground

nut oil, soybeans, copra, groundnut meal,
 

soybean meal; 
7. Other foods: sugar, beef, bananas, oranges; 

8. 	Nonfood agricultural products: cotton, jute,
 
rubber, tobacco;
 

9.Timber: logs; 
10. Metals and Minerals: copper, tin,nickel, 

bauxite, aluminum, iron ore, manganese 
ore, lead, zinc, phosphate rock 
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16. Population and Health
 

Population and health data are gathered in three ways: by 
enumeration, by survey, and bv registration. Enumerted 
data, such as the size of population and its age structure. 
are collected directly through censuses. (See Tables 16.1 
and 16.2.) Surcls are used to monitor a sample believed to 
be typical of the whole, e.g., women who responded to the 
contraception surveys should represent conditions through-
out their countries. (See Table 16.5.) Because the burden of 
reporting falls on individuals, registration data are often 
incomplete. (See the Technical Note for Table 16.4.) Regis-
tration nay be inconvenient, time-consuming, or imt)ossi-
ble, given local conditions. 

Another type of data shown in this chapter is modeled 
from measured information. Total fertility and life expec- 
tancy at birth (Tables 16.2 and 16.3) are two indicators that 
integrate current information into predictive tools. Life 
expectancy at birth, for example, assumes that the children 
born in a given year will experience, on average, the age-
specific mortality rates current in that year. However, age-
specific mortality rates will probably change as these chil-
dren mature. 

Demographic data from censuses and surveys are gener-
ally reliable, although developing-country data are less 
reliable than are developed-country data. Many countries 
are improving their data-gathering capabilities, often in 
cooperation with development assistajuce agencies such as 
the United Nations Fund for Population Activities (UNFPA), 
bilateral aid agencies, and private assistance organizations. 
In 1985, UNFPA alone allocated 8.2 percent of its total 
assistance budget ($11.5 million out of $141.4 million) to 
data collection programs; in sub-Saharan Africa the figure 
was 26 percent. Of the 146 countries shown in Tables 
16.1-16.4, 129 conducted a national population census or 
major population survey between 1975 and 1985; 14 con-
ducted their most recent census before 1975; and three 
have not conducted a modern census. 

Data on legal international migration are weak, and 
those for illegal migration and refugee movements are even 
worse. Illegal migrants, fearing expulsion, avoid govern-
ment census workers. Refugees, fleeing social, economic, 
environmental, or political turmoil, are difficult to count; 
they often return to their country of origin or move to a 
third country before they can be counted. Governments (of 

both the refugees' home and host countries) often have an 
interest in over- or understating the number of refugees. 
Also, the upheavals that turn thousands of people into refu
gees are usually so severe that host governments or inter
national agencies give first priority to providing basic serv
ices and do not always take an accurate census. 

Malaria and cholera data shown in Table 16.4 give a 
global picture of the spread and severity of these water
related diseases. However, because many countries either 
do not report or report only clinically diagnosed cases, the 
data do not reflect the real situation. Just in Africa, for 
example, about 98 million people suffer from malaria, 
according to the World Health Organization (WHO), whose 
estimates are based on the infections expected according to 
the degree of endemicity. In 1981, however, only 7.9 million 
cases of malaria were reported for the entire world. 

Although reliable estimates of cholera incidence are 
unavailable, 5-10 percent of all diarrheal disease diagnoses 
are thought to be cholera, placing the annual incidence at 
25-50 million in children under five years. Mortality due to 
malaria and cholera is unknown for many countries; it is 
not shown in 1able 16.4. 

Reported data for other water-related diseases are even 
less reliable than are those for malaria and cholera. WHO 
estimates that 20 million people suffer from oncheocercia
sis, and more than 125 million are infected with 
schistosomiasis. (Country data for these diseases are not 
included here.) 

Estimates of unmet need for contraception vary, depend
ing on how "unmet:' "need:' and "contraception" are 
defined. (See Table 16.5.) Several factors are involved: first, 
because unmet need estimates are based on surveys of 
women, they do not reflect men's attitudes toward family 
size and contraceptive use. Second, many estimates 
exclude pregnant women and those who are breastfeeding, 
thereby not accounting for women who may need con
traception in the near future. Third, many surveys polled 
only married women, omitting the contraceptive needs of 
the unmarried. Further, none of the surveys used accounts 
for contraceptive requirements for spacing births. For this 
reason especially, all estimates should be considered con
servative. 

,
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Fbpulatio :and Health 

Table 16.1 Estimated Size and Growth of Population, 1955-2000 
Estimrlted 
Population-.-... (housand),.-.-,. -

Estimated Averae Annual 
Pouain Clnge-- (percent) ----- - . 

WORLD 
1960 

3,018,878 
1987 

4,997,609 
2000 

6,121,813 *' 

1955.60 
1.86 

1965-70 

2.04 
1975-80 

1.75 
1985.90 

1.63 
1995.2000 

1.51 
FRICA 280,051 589,208 871,817 2.31 2.82 2.97 3.02 2.99 

Algeria 
Angoa 
Beninn 
Botswana
Burkina Faso 
Burundi 
Cameroon 
Cape Verde 
Central African Rep 
Chad 

Comoros 
Congo 
Cote dlvoire 
Djibouti
Egypt 

c'. 

. 

10800 
.4,816 
2,251 

481
4,279 
2,927 
5,483, 
200 

1,65 
3,064 

215 ,
972 /

3.731 . 
126" 

25,922 

23,157 
9,220 
4,307 
1.193
7,310 
4,999 

10,438 
341 

2,701 
5,265 

472 
1,836 

10,529 
388 

49.143 

. 

33,444 
13,234 
6,532 
1,917

10,538 
7,226 

15,168 
470 

3.750 
7,308 

695 
2,43 

16,006 
604 

63,941 

2.12 
1,64 
120 
2.10
1.75 
1.76 
1.94 
2.98 
1.33 
1.53 
2.04 
1.90 
1.58 
2.19 
2.40 

2.85 
1.52 
2.06 
2.54
1.76 

"1.45 
2.13 
3.04 
1,63 
1.82 
2,43
2.18 
4.15 
2.42 
235 

3.06 
3.39 
2,77 
3.84
2.02 
1.80 
2.57 
0.87 
2.22, 
2.10 
3.40 
2.46 
3.77 
7.41 
2.69 

" 
3,21 
2.67 
3.12 
3.70
2.65 
2.84 
2.80 
2.36 
2.42 
244 

.08 
2.1 
345 
3.32 
2.27 

-2.84 

2.48 
2.82 
3.24 
363
2.90 
2.80 
2.91 
244 
2.57 
2.56 

2.83 
3,17 
3.39 
1.89 

Equatorial Guinea
Ethiopia 
Gabon 
Gambia 
Ghana 
Guinea 
Guinea.Bissau 
Kenya 
LesothoLiberia 

25 
24,191 

867 
374 

6,772 
3.660 

540 
7.903 

870
1,047 

1
45,997 

1.195 
670 

14,523 
6,380 

925 
22,397 

1,600
2,336 

5
66,509 

1,603 
898 

22.607 
8,879 
1,229 

38,534 
2,255
3,615 

.8. 
2.19 
0,75 
1.36 
4 51 
138 
0.73 
321 
1.84
2.11 

1.56 
2.41 
0.97 
2.24 
2.02 
1.95 
0.06 
366 
2.01
2.,3 . 

1,99
232 
1.19 
2.15 
3.30 
2.17 
5.04 
4.03 
2.41
3.36 

2.31 
2.79 
2.01 
2.13 
3.36 
2.48 
2.08 
4.20 
2.61
3.25 

2.41 
2.82 
2.25 
2.30 
3.43 

2.21 
4.11 
2.65
3.43 

Libya 
Madagascar
Malawi 
Mali 
Mauritania 
Mauriius 
Morocco 
Mozambique 
Niger
Nigeria 

. 

- -

1,349
5362
3,529
4,636 

981 
660 

11,626 
6,545 
3,234 

42,305 

, 

3,883
10,605
7,415
8,569 
2.007 
1,087 

23,014 
14,724 
6,489 

101,992 

6.082 
15,550
11,387
12,658 
2,998 
1,298 

29,512 
21,104 
9,750 

161,930 

3.61 
202 
215 
1.99 
2.17 

2.75 
1.54 
1.36 
2,63 

404 
2.32 
2.56 
2.15 
245 
182 
2.78 
2.28 
2.08 
3.23 

403 
2.70 
282 
2.19 

;,2.75 
1.91 
2.27 
4.42 
2.59 
3.49 

3.67
2.90 
3.32 
2.94 
3.08 

1651 
2.30 
2.69 
3.01 
149 

3.28-
2.95 
3.25 
3.03 
3.07 

1.66 
2.79 
3,19 
3.57 ,. 

"Rwanda 
Senegal
Sierra Leone 
Somalia 
South Africa 
Sudan 
Swaziland 
Tanzania, United Rep
Togo 
Tunisia 
Uganda 
Zaire 
Zamaa'Zimibabwe 

2,753
3,041
2,475
2,143 

18.281 
11.165 

333 
10,026 
1,514 
4.221 
6,562 

15,908 
3,1413,605 

6,488
6,793
3,741
4,862 

34,071 
22,828 

691 
24,186 
3,146 
7.395 

16,584 
31.796 

7,1359,430 : 

10,123
• 9,765

4,867
6,671 

46,918 
32, 926 

1,048 . 

39,129 
4,709 
9,429 

26,262 
47,581 
11,23715,130 

2.84 
2.03 

. 1,25
1.83 
1.94 

. 1.91 
2.35 
2.60 
1.37 
1,79 
3.33 
2.44 
2.633.97 

3.05 
2.89 
1.38 
2.14 
227 
2.29 
2.39 
3.08 
4.33 

2.04 

2.11 
2.963.61 

3 

3.31 
3.46 
1.59 
4.23 
2.30 
308 
2.90 
3.42 
2.52 
2,61 

F3.19 
2.86 
3.083.39 

r 3.36 
2.71 
1.93 
2.11 
2,53 
2.89 
3.14 
3.65 
3.06 
2.17 
3.49 
304 
3.433.61 

. 

3.43 
2.82 
2.07 
2.80 
2.39 
2.75 
323 
371 
3,11 
165 
3.55 
3.12 
352. :3,64,,/[:, 

NORTH & CENTRAL AMERICA . 268,579 411,933 487,379 2.03 ." 1.60 1.53 . 1.38 .1,212 
Barbados 
Canada 
Costa Rica 
Cuba 
Dominican Rep
ElSalvador 
Guatemala 
Haiti 
Honduras 
Jamaica 

-

' . 231 
17,909 

1,236 
7,029 
3,224 
2,574 
3,964 
3,723 
1,943
1,629 

. 
, 

256 
25,963 
2,733 

10,214 
6,531 
5,906 
8,434 
6,936 
4,657
2,409 

284 
28,927 
3,596 

11,718 
8.407 
8,708 

12,222 
9,860 

.6,978 
2.880 

C' 9 
2 9 
3.77 
1.79 
3.10 
2.98 
2.89 
1.95 
3.34 
1.10 

0.30 
1.72 
3.11 
1.87 
2.80 
3 52 
2.77 
2.14 
2372 
1.20 

0.28 
1.16 
296 

0.84 
2.34 
2.93 
2.77 
2.38 
3.53 
1.24 

0.60 
1.01 
2.44 
0.98 
2.21 
3.10 
2.88 
2.62 
3.10 
1.52 

0.94 
0.71 
1.89 
0.99 
1.75 
2.90 
281 
2.75 
3.18 
1.26 

Mexico 
Nicaragua
Panama 
Trinidad and Tobago 
United States 

37,073
1,493
1,I,48 
843 

180,671 

82,964
3,502
2.274 
1,224 

242,159 

109,180
5,261
2,893 
1,473 

268,239 

3.15 
3.12 
2.54 
3.13 
1.70 

3 25 
3.18
2.88 
1,27 
1.08 

2.86 
2.81 
2.26 
1.64 
1.06 

2.39 
3 36 
2.07 
1.59 
0.86 

1.92
2.95 
1.69 
1.31 
0.73 

SOUTH AMERICA . 146,839 . 279,384 . 356,351 '2.73 . 2.45 2.27 ~'~ 2.080 1.73 
Argentina 
Bolivia 
Brazil 
Chile 
Colomboa 
Ecuador 
Guyana
Paraguay 
Peru 
Suriname 

20,616 
3,428 

72,594 
7,609

15,538 
4,413 
569 

1,778 
9931 
29C 

. 31,500 
6,730 

141,459 
12,416
29,943 
9923 
989 

3897 
20727 

386 

37,197 
9,724 

179,487 
14,792
37999 
13939 

1,196 
5405 

27,952 
469 

.1.71 

2.19 
2.97 
2.38 
298 
2.96. 
3.14 
253 
2.71 
2.97 

. 

1.45 
2.37 
2.57 
1.97 
2.77 

17 
1.90 
2.52 
2.80 

2.28 

1.61 
2.59 
2,31 
1,47

P.14 
28 
207 
330 
2.63 

-0.54 

1.46 
2.76 
2.07 
152 
205 
279 
1.74 
2,78 
2.51 
1.46 

1.18 
2.88 
1.67 
1.21 
1.68 
248 
1.34 
234 
2.13 
1.49 

UruguayVenezuela 2.5387502 3,05818,269 33624.715 1.S3,98 84335 .342 056.76261 0712,14 

Resou2.4ce 3,35 ,N, 

248~ 

2,~
 



"~'~.~ ~ Populiation and, Health 

. Table 16.1 
; . i. . Estimated 

Popul tion(thousands) 
Estimated Average Annual 
. Population Change(Percent) . .. ,. . . .. 

1960 1987 2000 1955-60 1965-70 1975-80 1985-90 1995-2000 : ir i 

ASIA 1, j: 1,668,165 2,913,191' . 3,548,994 . , 1.95 2.43 .v 1.86 1.63 i.'43'<' 

Afghanistan 
Bahrain 
Bangladesh 
Bhutan 
Burma 
China 
Cyprus 
inaia 

Indonesia 
Iran 

10,775 
156 

51,585 
868 

21,746 
657,492 

573 
442,344 

96,194 
20,301 . 

18,110 
467 

106,651 
1,476 

38,603 
1,085,008 

684 
786,300 
172,494 
47,221__ 

26,035 
693'-

145,800-
1,893 

48,499 
1,255,895 

762 
964,072 
211,367 
65,161 

2,03 
3.10 
2.38 
1,73 
2.12 
1.53 
1.56 
2.26 
2.11 
3.48 

2.42 
2.79 
2.66 
1.90 
2.29 
2.61 
1.09 
2.28 
2.33 
3.30 

0.87 
4.87 
2.8,W 
2.02 
2.04 
1,43 
0.65 
208 
2.14 

.2.95 

483 
3.72 
2.61 
2.03 
1.89 
1.18 
1.01 
1.72 
1.74 
2.77 

2.06 
2.61 
2.24 
1.82 
1.65 
1.09 
0.75 
1.45 
1.42 
2.26 

Iraq 
Israel 
Japan
Jordan 
Kampuchea, Dem 

6,847 
2,114 

94,096 
1,695 
5,433 

17,010 
4,399 

122,053 
3,804 
7,688 

25,377 
5,302 

129.725 
6,437 
9.772 

2.94 
3.80 
0.93 
3.16 
2.31 

3.19 
2,98 
1.07 
3.17 
2.44 

3,75 
2.31 
0,93 
2.34 

-2.07 

3.31 
1.65 
0.51 
3.99 
2.48 

2.92 
1.31 
046 
4.00 
1.40 

Kurea, De~n People's Rep
Korea, Rep 

uwait 
Lao People's Derr.Rep 
Lebanon 

10,526 
25,003 

278 
2,355 
1,857 

21,390 
42,672 

1,982 
4,322 
2,762 

28,166 
50,981 
3,007 
5,789 
3,617 

2.91 
304 
667 
2.25 
282 

2.76 
2.40 
9.17 
2.60 
2.75 

2,57 
1.87 
6.24 
1.44 

-0.72 

2.36 
1.89 
4.15 
2.43 
2.13 

1.95 
1.45 
2.68 
2.10 
1.89 

Malaysia
Mongolia 
Nepal 
Oman 
Pakistan 
Philippines 
Oatar 
Saudi Arabia 
Singapore 
SriLanka 
Syrian Arab Rep 
Thailand 
Turkey 
United Arab Emirates 
VietNam 

8.205 
931 

9.404 
505 

50.093 
27,904 

45 
4.075 
1,634 
9,889 
4,561 

26,867 
27,509 

90 
34,743 

16,264 
2.015 

17,253 
1.331 

105,195 
57,060 

355 
12,483 
2,616 

16.725 
11,307 
53,150 
51,390 

1,437 
62,177 

20,497
2,837 

23,048 
1,973 

140,961 
71,057 

569 
19,824 
2,947 

19,620 
17,809 
65,503 
65,351 

1,939 
79,870 

2.89 
2.43 
1.61 
2.09 
2.38 
3.13 
5.03 
252 
4.48 
2.51 , 
2.79 
2.85 
2.85 
2.69 
1.64 

i 

2.62 
3.09 
2.10 
2.71 
2.77 
2.89 
9.28 
3.62 
1.97 
2,28 
3.23 
3.04 
2.51 
8.70 
2.17 

2.24 
2.82 
2.41 
5.01 
2.84 
2.53 
5.42 
5.13 
1.30 
1.71 
3.36 
2.34 
2,11 

13,27 
241 

2.12 
2.74 
2.28 
3,18 
2.23 
2.25 
544 
3.84 
1.09 
148 

3.69 
1.61 
2.06 
3.46 
2.05 

, 

1.53 
2.50 
2.16 
2.99 
2.13 
1.83 
2.84 
3.38 
0.78 
1.11 
3.28 
1.59 
169 
1.84 
1.78 

Yemen 
Yemen,Dem 

4,039 
1,208 

7,251 
2,267 

10,881 
3379 

2.05 
2,09 . 

1.47 
2.05 

2.49 
2.36 

2.92 
3.01 

3.22 
3.00 

EUROPE 
Albania 
Austria 
Belgium 
Bulgaria 
Czechoslovakia 
Denmark" 
Finland 
France 
German Dem Rep 
Germany, Fed Rep 
Greece 
Hungary 
Icelano 
Ireland 
Italy 

_____55,433 

425.129 
1,611 
7,048 
9.153 
7,867 

13,654 
4,581 

.4,430 

456454,965
17,240 

837. 
9,984 

176 
2,834 

50,223 

.. 

494,529 
3,181 
7,503 
9,924 
9,147 

15,673 
5,121 
4,926 

16.810 
60,628_ 

9,959
10,679 

248 
3,700 

57,373 

. 

512,474 
4,102 
7,517 

10,011 
9,535 

16.581 
5,082 
5,055 

57,162
17,149 

59,484 
1,437
10,714 

273 
4,320 

58,642 

. 

.93 
296 
029 
0.63 
096 
084 
0.63 
0.90 

010.77 
-0.80 

1.13 
0.89 
0.32 
2.16 

-060 . 

0.82 

0.64 
2.68 
0.52 
0.36 
0.75 
0.28 
0.71 
0.18 

0.06 
056 
0.56 
0.40 
1.22 
0.53 
0,61 

0.42 
2.39 

-0.04 
0i1 
032 

0.68 
0.25 
0,29 
0,~38 

-0.13 
-009. 

1.28 
0.32 . 

0.91 
1,18 
0.44 

. 

0.27 
2,10 

0.01 
0.09 
038 
0.32 

-0.01 
0.30 
0.31 
0.15 

-0,18 
0.41 

-0.07 
095 
1.26 
0.09 

. 

, 

0.27". 
1,75 

0,00 
0.08 
0.30 
0.52 

-0.10 
0.14 
0.29 
0.18 

-0.17 
0.32 
0.10 
0.65 
1.13 
0.19 

Luxembourg. 
Malta 
Netherlands 
Norway 
Poland 

314 
329 

11,480 
3,581 

29,561 

363 
388 

14.610 
4,158 

37,753 

358 
418 

15,082 
4,215 

40,816 

" 

. 0.58 
0.93 
1.31 
0.88 
1.61 

0.43 
0.35 
1.17 
0.81 
0.' 2 

009 
1,32
051 
0.39 
089 

-010 
0.66 
034 
0.17 
0.70 

-0.10 
0.52 

"0.16 
: 0.06 

0.58 

. 1 

Portugal
Romania 
Spain 
Sweden 
Switzerland 
United Kingdom 
Yugoslavia 

. 8,826
18,407 
30.303 

7,480 
5,362 

52,559 
18,402 

10,341 
23,331 
39,004 
8,340 
6,386 

56,160 
23,461 

11,211 
25,571 
42,237 
8,166 
6,341 

56,354 
25,206 

0.50 
103 
084 
0.59 
;,48 

0.52 
098 

-1 36 
1.35 
1.14 
0.78 
1.35 
0.35 
0.94 

0.95 
0.88 
1.00 
0.29 

- 0.25 
-003 

0.87 

0.64 
0.68 
0.62 

-0.11 
0.04 
0.02 
0.63 

0.58 
0,70 
0.59 

-0.18 
-0.13 

0.02 
0.50 

USSR'- 214,335 , 823993 .; 314,736-.- -. 1,77: ,-. 0.91 7, ., 0.93:. 0.93<, : 0.73, 

OCEANIA . U15,'.82>.' 25,372 A 30,062 " 2.18 . 1.97 . 1.56 f' 1.43. ' 1.22' 

K 
Australia' 
Fiji . 
New Zealand 
PapuaNew Guinea 
Solomon Islands 

.. 
'-;" 

. 

10,315 
394 

2,372 
1,920 

124 

16,102 
715

3,378
3,686 

292 

. 

18,628 
834 

3,749 
4,933 

447 

2.20 
3.18 
2.10 

1.92 
1.72 . 

195 
229
1.41 
240 
2.79 

1.51 
1,77
052 
270 
3.01 

. 

1.25 
1.59
0.86 
2.38 
396 

1,03 
1.00
0.75 
215 
284 

Source: lJ.N Population Division. 
0 = zero or less than five one-thousandths of 1 percent.
Foradditional informationsee Sources and echnical Notes 
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Table 16.2 Births, Deaths, Fertility, and Age Dependency, 1960'-90 

.----

Estimated 
Crude 

- -- Birth Rate --
(births per 
thousand 

population) 
19-' 70 1965-90 

-

Estimated 
Crud 

-Death Rate-
(deaths per 
thousand 

population) 
1965-70 1985-90 

.
- 'Estirnated -

Total 
Fertility 

Rate 
1965-70 1985-90 

, 

A. 
Deeen. 

p yl
(ratio of people 

ego 0-14 and 65+ 
',49 those15-64 

1960'. 1970 1985 
WORLD-
AFRICA - . 

33.9 
47.7 

26.0 
- "45.2-

13.3 

21.6 
~ 9.9 

.15.1 

.. ~ 4.86 
6.60 

. .3.28 

6.22 

.74.1 .- 76.9 .65.1 
87.2, - 92.1 .s. 94.0 

Algeria 
Angola 
Benin 
Botswana 
Burkina Faso 

49.8 
49.1 
49.5 
53.7 
49.9 

41.1 
47.2 
50.5 
48.8 
47.7 

17.4 
28.1 
28.9 
18.1 
28 1 

9.1 
206 
19.4 
11.3 
186 

7.48 
638 
686 
6.48 
6.51 

6.15 
6.39 
700 
6.50 
650 

90.9 
80.4 
92.3 

103.6 
82.3 

110.5 
84.2 
93.0 

117.5 
85.5 

97.7 
90.9 
97.3 

107.0 
894 

Burundi 
Cameroon 
Cape Verde 
Central African Rep
Chad 
Comoros 
Congo 
Cote d'voire 
Dibouti 
Egypt 
Equatorial Guinea 
Ethiopia 
Gabon 
Gambia 
Ghana 

Guinea 
Guinea-Bissau 
Kenya 
Lesotho 
Liberia 
Libya 
Madagascar
Malawi 
Mali 
Mauritania 
Mauritius 
Morocco 
Mozambique 
Niger 
Nigeria 
Rwanda 
Senegal 
Sierra Leone 
Somalia 
South Africa 
Sudan 
Swaziland 
Tanzania, UnitedRep 
Togo , 

Tunisia 
Uganda 
Zaire . 
Zambia 
Zimbabwe 

'. 

46,5
41.9 
39.5 
43.2 
45.2 
47.2 
45.1 
43.9 

X 
41.8 

41.9 
48.7 
31.3 
47.2 
49.3 
48.5 
41.2 
56.7 
42.4 
45.6 
49.5 
43.6 
53.6 
51.6 
49.6 
32.2 
48.2 
45.1 
49.4 
523 
50.6 
46.7 
,80 
460 
41.2 
47.0 
47.4 
51.4 
44.2 
41.8 
49.1 
47.0 
48.9 
47,1 

45.7 
42.5 
334 
44.3 
44,2 
452 
44.4 
45.2 

X 
32.8 
424 
49.3 
37.3 
48.2 
46.9 
46.6 
40.8 
54.2 
41.2 
481 
439 
44.1 
53.1 
50.1 
50.0 
22,8 
32.5 
45.2 
50.9 
505 
50.7 
464 
46,9 
47.7 
37.9 
44.2 
47.1 
50.3 
44.9 
304 

50.1 
44.8 
47.9 
47.0 

250 
20.6 
11.1 
27.0 
27.0 
19.8 
23.4 
22.7 

X 
183 
26.4 
24.6 
21.6 
32.5 
19.3 
29, 
26.2 
20.3 

0.9 
21.2 
168 
20.4 
25.5 
27,3 
25.1 
7.8 

17.4 
24.1 
28.6 
22.0 
202 
24.6 
34,2 
24 7 
18.6 

23.0 
20.9 
20.7 
20.8 
155 

18.7 
20.5 
19.3 
16.5 

17.4 
14.5 
9.9 

20.1 
19.9 
14.5 
17,2 
14.3 

X 
9.8 

19.4 
22.3 
17.2 

26.9 
13.4 
21.9 
20.0 
12.4 
15.2 
15.6 
94 

15.2 
200 
20.8 
19.2 
58 
9.5 

18.4 
209 
15.7 
17.2 
194 
27.6 
22.6 
12.7 
15.4 
15.8 
13.9 
14.4 
87 

15.4 
14.5 
13.7 
11.0 

5 d3 
5.68 
5.99 
5.69 
6.05 
6.29 
5.93 
6.63 

X 
6.56 
5.66 
6.70 
4.07 
6.40 
6.57 
6.41 
5.19 
8.10 
5.71 
6.27 
7.48 
583 
6.92 
6.58 
6,87 
425 
7.09 
5.87 
7.10 
7.10 
7.00 
6.66 
6.12 
6.60 
5.61 
668 
6.33 
6.87 
6.17 
6.83 
6,91 
5.98 
6.65 
6.61 

6631 
5,79 

4.41 
589 
589 

6.13 
599 
660 

X 
4.30 

5 65 
6.70 
5.12 
639 
6.50 

6.19 
5.38 
800 
5.79 
6.90 
6.87 
609 
700 
6.70 
690 
2.45 
4'. 

09 
4'0 
7.10 
7.31 
650 
6,13 
6.60 
4.94 
6.38 
6.50 
7.10 
609 
4.10 
6.90 
6.09 
6.76 
6.60 

- 767-
76.8 
93.9 
745 
762 
89.3 
79.1 
837 

X 
81.5 
73.7 
87.0 
62.1 
76.3 
888 
84.4 
69.3 

109,3 
80.0 

83.8 
89,7 
78.9 
93.4 
85.2 
86.1 
96.4 
90.1 
77.8 
89.3 
91.3 
888 
83.8 
76.7 
804 
81.7 
89.6 
85.4 
95.4 
852 
90.6 
96.8. 
89.2 
90.8 
93,0 

8 
816 

87.2 
78.9 
81.6 
91.6 
83.2 
867 

X 
85.6 
77.8 
90.0 
636 
81+7 
93.9 
83.0 
73.4 

113.2 
81.6 
87.1 
91.1 
82,5 
96.0 
89.4 
91.2 
86.4 

107.2 
83.9 
93 1 
974 
99.3 
86.4 
77.4 
83.4 
853 
89.0 
90.0 
98.0 
87.9 

100.0 
984 
89.0 
94.4 
96.9 

9 
87.9 

54.6 
86.2 
84.8 
96.1 
88.7 
92.5 

lX 
77.9 
83.8 
93.6 
71.1 
83.6 
97.5 
85.2 
81.8 

1190 
84.9 
99.3 
95.2 
90.8 

.101.7 

95.3 
96.8 
54.0 
94.6 
92.9 
99.9 

102.8 
105.0 
921 
79.7 
91.2 
82.0 
92.0 
95.9 

104.6 
91,1 
78.3 

104.2 
92.5 

100.0 
101.4 

NORTH &'CENTRAL AMERICA 24.8 21.1 9.6 8.2 3.53 2.62 73.8 71.5 .. 60.3 
Barbados 
Canada 
Costa Rica 
Cube 
Dominican Rep 
ElSalvador 
Guatemala .45.6 

Haiti 
Honduras 
Jamaica 
Mexico 
Nicaragua 
Panama 
Trinidad and Tobago 
United States 

.. 

23.8 
18.8 
38.3 
32.0 
45.5 
44.9 

43.7 
50.0 
37.3 
44.2 
48,4 
39.3 
30.3 
183 

18.6 
14.9 
28.5 
182 
30.9 
37.9 
408 
408 
39.4 
260 
31.2 
418 
26.7 
24.0 
15.7 

8.5 
7.5 
7.2 
7.4 
13.1 
12.8 
15.9 
19.3 
15.9 
8.0 

103 
14.7 
8.4 
7.5 
9.5 

-

8.6 
7.6 
4.2 
6.7 
7.1 
70 
8.9 

12.83 
8.4 
55 

6.5 
8.0 
5.2 
6.5 
9.0 

3.44 
2.51 
5.80 
4.30 
7.01 
6.62 
6,60 
6.15 
7.42 
5.43 
6.70 
7.09 
.62 
3.89 
2.55 

2.00 
1.75 
3.26 
1,97 
3.63 
5.10 
5.'7 
5.u,6 

. 5.59 
K'2.86 
i- 3,98 
.j 5.50 
.i, 3.14 
{,, 2.68 

1.91 

81. 2 
69.6 

101.9 
64.4 

104.6 
92.2 
95.7 
81.3 
91.4 
85.1 
96.1 

101.3 
90.5 
88.7 
67. 

81.8 
61.4 
97.2 
75.7 

1064 
-97.2 

94.0 
87,5
99.7 

110.7 
100.6 
102.9 
93.3 
81.7 
61. 

58.6 
47.3 
68,1
52.1 
77.7 
92.2 
85.4 
881.7 
99.2 
74.4 
84.3 
97.1 
72.5 
59.8 
500 

SO11.1iiiAMERICA . ;35.6 .28.8 10.9 - 8.0~ 5.17 3.60 83.5 '82.5 A7-0.5 
Argentina 
Bolivia 
Brazil . 
Chile
Colombia 

Ecuador 
Gu.ana 
Paraguay 
Peru 
Suriname 
Uruguay 

. ;. 

-

22,6 
45.6 
36.4 
30.4
396 
44,5 
35.4 
40.4 
43.6 
40.0 

-20.5 

232 
42.8 
286 
22.0
29.2 
354 
24.8 
34.3 
34.3 
259 
18.9 

. 

9.1 
20.2 
108 
100
10.4 
128 
7.7 

10.1 
156 
8.8 

. 96 
. 

86 
14.1 
7.9 
66

7.4 
7.6 
5.4 
68 
9.2 
61 

10.2' 

3.04 
6.56 
5.31 
412
594 
670 
5.30 
6.40 
6.56 
5.94 
281 

3.26 
6.06 
3.46 
2.5
3,58 
4.65 
2.75 , 
448 
4.49, 
2.97 -
2.61 

57.0 
85.3 
86,9 
76.9
975 
92.3 

107,4 
973 
87.8 

1071 
562 

57.0 
86.2 
84.1 
75.0
93.6 
96.7 

104.6 
96.0 
90.4 

109.3 
582 

65.4 
88.5. 
68.7 
58,5
69.3 
907 
69.1 
82.6. 
78.8 
88.8 

Veezel 4. 3,77. 545.90 3.77 94,8~ 94.5 :78.5, 

Ov.- Pesourcas 1987 , ~id.,., 
. ., 

I. so, 
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Estimated 

Crude 
'Birth Rate 
(births per 
thousand 

population) 
1965-70 1985-90 

Estimated 
Crude 

Deathate ' 
(deaths per 
thousand ' 

population)
1965-70 1985-90 

r 

. Etimaed 
Total 

Fertility
Rate 

1965-70 1985-90 
< 

Age
Dependency

Ratio- ...... 
(ratio of people 

age 0-,14 and 65+ 
to those 15-64)

1960 1970 1985 

-7 

ASIA 38.4. 25.4 . 14.1 9.1.. 5.69 .. 3.14 .:-79.1".81.0' 65.1 
Aghanistan 532 . 475 29.1 23.9 7.13 6.65,' ' 832 86.5 84.4 
Bahrain 
Bangladesh
Bhutaii 
Burma 

434 
47T5 
41.8 
39.1 

29.0 
41.7 
37.0 
28.8 

10.1 
21.0 
22.7 
16.2 

40 
15,6 
167 
9.9 

697 
6.91 
5.89 
5.74 

4.1 
5 ;Li
5'3 
369 

81.5 
81A4 
76.7 
73.8 

93.9 
957 
768 
83.2 

54.5 
95.4 
76.5 
81.8 

ChinaCyprus 36921.0 18.4183 10.99.9 6.68.2 5.972.78 2.11Z31 76.81 80374.3 .69.9 55.9.539 
India 
Indonesia 
Iran 

402 
42.6 
48.5 

28.1 
28.6 
385 

17.5 
19.3 
15.6 

10.9 
11.3 
10.8 

5.69 
5.57 
7.55 

. . 3.69 
3.48 
5.21 

83.1 
77.0 
96.7 

82.7 
83.0 
97.3 

69.0 
72.1 
86.9 

Iraq 
Israel 
Japan 
Jordan 
Karnpuchea, DemDe 

48.8 
25.5 
17.8 
48.0 
43,9 

40.8 
213 
12.3 
46.4 
41.4 

16.9 
6.7 
69 
16.3 
19,4 

7.7 
7.1 
7.2 
6.6 
166 

7.17 
3.79 
2.02 
7.17 
6.22 

6.05 
2.84 
1.83 
7.28 
4.71 

94,5 
69.3 
56.1 
94.2 
82.5 

96.3 
66.1 
45.1 
996.0 
85.3 

96.3 
69.4 
45.8 

102.4 
54.5 

Korea, Dem People's Rep 
Korea, Rep 
Kuwait 
Lao People's Dem Rep 
Lebanon 

38.8 
31.9 
49.6 
44.8 
38.8 

28.9 
23.2 
34.6 
38.1 
28.9 

11.2 
10.4 
63 

189 
11,8 

5.4 
59 
3.1 

13,9
7.7 

5.64 
449 
7,48 
6.13 
6.05 

3.60 
250 
5.74 
5.41 
3,38 

88.8 
82,7 
58,9 
77.2 
87.2 

90.0 
83.0 
82.3 
81.2 
95.3 

72.1 
51.7 
74.2 
84.7 
74.2I 

Malaysia 
Mongolia 
Nepal 
Oman 
Pakistan 

38.5 
41.9 
45.5 
50.0 
47.8 

27.1 
34.7 
39.4 
44,3 
40.4 

10.4 
11,2 
23.5 
22.7 
20.2 

59 
794 

16,7, 
12.5 
13.8 

5.91 
5.89 
6,17 
7,17 
7.21 

3.30 
4.82 
5,84 
6,87 
533 

96.4 
84.1 
73.3 
85.3 
92.9 

93.6 
88,5 
79.7 
88.0 
97.8 

68.2 
79.7 
85.7 
87.3 
88.5 

Philippines 
C.atar 
Saudi Arabia 
Singapore 
Sri Lanka 

. 

402 
370 
48.1 
24.9 
31.5 

308 
33.6 
406 
16.5 
24.2 

10.7 
14.1 
19.2 
56 
8.3 

7.6 
4.3 
7.4 
5.6 
6.1 

6.01 
6.97 
7.26 
3.42 
4.65 

3.91 
6.56 
6.87 
1.65 
2.87 

102.1 
71.4 
87.4 
82.8 
84.1 

92.9 
62.2 
91.1 
728 
83.6 

71.5 
573 
84.7 
42.7 
82.8 

Syrian Arab Rep 
Thaland 
Turkey 
United Arab Emiraies 
Viet Nam 

476 
41.8 
39,0 
38.6 
383 

454 
23.5 
29.2 
24.9 
29.6 

15.3 
11.4 
136 
12.3 
16.6 

7.0 
7.4 
84 
4.2 
9.2 

7.79 
614 
5.80 
6.76 
6.70 

6.83 
2.73 
3.65 
5.43 
3.69 

93.0 
96.0 
81.1 
88.8 
77.2 

114.1 
91.6 
83.6 
59.5 
80.5 

104.1 
66.6 
70.5 
49.6 
78.9 

Yemen 48.8 47.4 26.6 16.4 6.97 6.76 83.8 85.7 94.6 
Yemen, Dem 49.0 46.6 25.3 15.7 6.97 6.56 91.0 92.6 92.0 

EUROPE 17.7 . 13.5 . 10.3 .10.8 2.47 .183 55.1. 57. - 50.0 
Albania . 
Austria 
Belgium 
Bulgaria 
Czechoslovakia 

34.8 
17.3 
15.5 
15.8 
15.5 

26.5 
12.4 
12.2 
14.9 
14.6 

8.0 
130 
12.4 
8.7 

10.4 

54 
12.3 
11.7 
11.0 
11.4 

509 
2.53 
2.34 
2.16 
2.09 

. 3.32 
1.61 
1.60 
2.21 
2.09 

86.3 
51.9 
55.0 
50.5 
56,4 

88") 
629 
58.7 
47.9 
52.3 

67.6 
48.1 
47.0 
50.8 
55.2 

4 

Denmark 
Finland 
France 
German Dem Rep 
Germany, Fad Rep 

16.6 
163 
17.1 
15.1 
166 

10.9 
12.6 
13.7 
!4,2 
106 

10.0 
97 

11.1 
137 
11.8 

11.5 
10.2 
10.6 
12.8 
'2.4 

2.24 
2.06 
2.61 
2.30 
2.34 

1,47 
1.64 
1.83 
1.90 
1.40 

55.8 
60.3 
61.3 
53.3 
47.5 

55.2 
51.0 
60.5 
63.8 
57.1 

50.7 
45.6 
49.9 
48.1 

.42.3 
Greece 180 14.4 8.1 10.3 2.37 2.06 53.2 56.3 54.4 
Hungary?
Iceland 
Ireland 
Italy 

14.3 
22.5 
21.5 , 
18.3 

12.1 
16.7 
21.4 
11 6 

108 
7.0 

11.5 
9.7 

12.8 
7.2 
8.8 

10.7 • 

1.99 
3.16 
3.85 
2,49 

1.84 
2.04 
2.93 
1.60 

52.4 47.8 
74.3 • 70.1 
73.2 73.5 
52.1 • 53.9 

51.9 
53.5 
70.7 
49.8 

Luxembourg 
Malta 
Netherlands 
Norway 
Poland 

14.7 
166 
1(2
17.7 
16.6 

11.0 
16.1 
11.7 
11.7 
164 

11.2 
92 
8.1 
9.7 
7.6 

12.6 
9.4 
8.8 

11.0 
9.4 

2.22 
2.18 
2.75 
2.72 
2.28 

1.44 
1.97 
1.43 
1.57 
2.20 

47.4 
78.8 
63.9 
58.7 
64.6 

, 52.7 
58,0 
59.9 
59.7 
54.4 

44.8 
49.1 
44.8 
55.2 
1?.5 

Portugal 
Romania 
Spain 
Sweden 
Switzerland 

21.4 
21.3 
20.5 
15.0 
17.7 

166 
16.9 
15.1 
10.1 
108 

8.1 
9.2 
8.7 

10.2 
9.3 

94 
10,1 
8.9 

11.9 
10.4 

2.84 
3.06 
2.91 
2.12 
2.28 

2.09 
2.37 
2.05 
1.47 
1.45 

59.1 
536 
55.4 
51.4 
50.3 

61.5 
52.6 
60.6 
52.7 
53.1 

54, 
53.0 
55.6 
53A 
45.8 

United Kingdom
Yugoslavia . 

.17.6 
19.8 

13.1 
15.2 

11.7 
8,8 

12.3 
8.9 

2.53 
2.49 

1.78537 
1.99 58.3 

9. 
54.' 

1,
46.6 

SS'176 .18.3. 7.6 9.1 2.42 2.37? 59.8 57.4 51.8 

OCEANIA . 24.5 20.0 1. 8.2 3.49' 2.56. 67.7 ?65.2? 578 
Australia
Fii 

19.8
320 

156
273 89

76 
7.7
50 

2.88
457 

1,93
3,19 

62.8 
102.0 

592
85.0 

51.3 
64.2 

New Zaand 
Papua New Guinea 

226 
42.4 

15.6 
35,9 

87 
19.1 

84 
121 

3.22 
618 

1.66 
5.25 

710 
766 

673 
820 

52.2 
849 

So6?non) itin X X X X X X( X X 

Source: U.N PopulationDivision, ,
X - not available. Ss,-; 
For additional information, see Sources and Ter~hnmc-aiNotes. 

-
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Table 16.3 Health Indicators, 1964-90 
: Estimated' ( Infant th 'E tmae Life- ::"!Infant .. --..Mortality-- Daly Calorie..L i " 

(Infant deaths 
per thousandlive MnmumPercen 

Supply as Expectancybrths)Daily Pecetage of atBih
live births) Calorie t
Requirement (years)

1965-70 1985-90 Requirement 1974-761964-66 1982.84 1965-70 1985-90
 
WORLD *. 103 .
 ~ 71 . .*54.8 .6.1 
AFRICA 1585 ~ i) 43.9 51.3 
Algeria 150 1,74 2,400 72 90 114 51,4 62.5Angola 185
Benin 137 2,3S0 81 84 84 36.0 44.0160 110 2,300 88 89Botswana 88 38.0 46.0110 67 2,320 88 91 90Burkina Faso 48.5 56.5183 139 2.370 91 91 88 38.9 47.2
Burundi 140 114 2,330Cameroon 103 98 100 44.1 48,5136 94 2,320 89 100 89Cape Vent-, 43.4 52*9120 63 2,350 93Centrta!African Rer- " 160 132 

75 108 50.1 61.52.260 91 99 93 40,0 45.0Chad .... 179 132 2,380 99 73 60 37.0 450Comoros 115 80 2,340 94 89 95Congo 450 52,0110 73 2,220 101Cole dlvoire 102 113 . 405 48.5164 100 
 2.310Djibouti 102 101 112 43.0 52.5 
Egypt X X X X X X X170 85 2510 97 107 128 497 60.6Equatorial Guinea 173 127 X X XEthiopia 162 149 

X 38.0 46.02.330Gabon 77 68 72 38.9 41.9Gambia 141 103 2.340 81 86 1343.0199 164 103 51.02,380 90 90Ghana 94 31.6 37.0118 90 2.300 87 96 72 48,0 54.0Guinea 192 147 2,310Guinea-Bissau 173 132 
81 84 80 352 42.22.310 80 77 87Kenya 380 450108 72 2.320 98 9;1 86Lesotho 454 553140 100 2.280 89 91Liberia -"167 103 433 51 3122 2.310 94 99 101 430 51.0Libya 130 82 2,360 83 147 156Madaga",ar 504 60.894 59 2,270 112Malawi 108 110 43,7 51.5197 150 2,320 91Mali 107 104 39.5 47.0206 169 
 2.350Mauritania 83 79 81 37.0 440166 127 2,310 88 78 95 39.0 - 46.0". urilus C. 23 2.270 103Morocco 113 121 61.6 68.2138 82 2,420Mozambique 92 106 111 50.4 60.8170 141 2,340 86 83Niger 72 43.1 47.3176 135 2,350 85 83 94Nigena 37.5 44,5172 105 2.360 95 91 90 . 42.5 50.5Rwanda 
 140 122 
 2,320 73 83Senegal 93 44.1 48.5168 131 2,380 104 101,Sierra Leone 96 38.7 45.3218 169 2,300 79 84,nalia 85 30.2 36.0162 149 2,310 92SothAfrica 85 91 38.9 41.9120 72 2,450 107 119 120 47,5 55.5

Sudan 
 156 106 2,350 79 91 86Swaziland 40.9 50.3147 118 !'L.( 89 106Tanzarja. United Rep 110 43.5 50.5135 106 2.320 85 97 99 44.1 53.0
Tugo 
 141 93 2.300 101 91 98 43.0 52.5 
Unda 138 71Uganda . 2,390 94 109 120 521 63,1118 103 2,330 96Zaire 100 102 46,0 51,0137 98 2,220 98 103Zambia 97 44.0 52.0115 80 2,310Zimbabwe . 101 72 

91 100 85 45.3 53,32,390 87 7989 49.0 57.8
 
NORTH & CEN'rRAL AMERICA 
 ' 39 24 ":67.5 72.0
Barbados 1 46 11 2,420 108 122 .Canada 133 67.6 73.521 8 2,660 122 128Costa Rica 131 720 76.366 18 2.240 104 114 114Cuba 65.6 73.749 15 2,310 102 115 126Dominican Rep 68,5 74.0105. 65 2,260 85 99 105 554 64r6ElSalvador 112 59 2,290Guatemald 80 90 - 92 55,9 67.1108 59 2,190 93 98 100Haiti 50.1 62.0172 117 2,260 88Honduras 86 84 46.2 54.7123 69 2,260 87Jamaica 93 94 50,9 62.645 18 2,240 100 119 114 663 73.8Mexico 79 47 2,330 Ill 116 127Nicaragua 63 -67.2115 62 2.250 107 105' 102 63,3Panama 51,652 23 2,310 98 "03 100 643 72,1Trinidad and Tobago 41 20 2,420 103United States 22 110 121 65.7 70.210 2,640 126 133 139 70.4 75.0 

SOUTH AMERICA .. 91 .57 ...... 

Argentina . 56 32 2,650 119 
.. 7 58.7 . 5 

Bolivia 124 120 66.0 70,6. 157 110 2,390 77 84Brazil 86 45.1 53.1100 63 2390
Chile 100 104 106 57.9 64.995 20 2,440 108 107 107 606 707Colombia  74 46 2,320 94 100 109 584 48Ecuador " 107 63 2,20 83 89 90Guyana 65.456 30 2270 101 103 103Paraguay 62.5 69867 42 2310 112Peru . 118 122 595 66.1126 88 2350 98Suriname__ _ 97 91 515 61.455 30 2,260 99 101 1063 615 69,6
Uruguay - 48 27 '2,670 106 1 -- 116.6'Vn.ea.. 60,.~ 36 2,470 94 99 106 

7. 
537 69.7 

Vibidflosejces 19a7 
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Eatis:&iTable 16.3 
•.....7 ~InfantMortality 

-
. . . . Daily Calorie 'Eitlm ied Life: " 

(Infant deaths Minimum .eSupply as Expectancy 
perthousand 

live births) 
Daily 

Calorie 
Percentage of 
Requirement 

at Birth 
(years) 

1965-70 1985.90 Requirement 1964-66 1974-76 1982-84 1965-70 1985.90 

ASIA .. 110 74 53.3 '61.1~ 
At hanistan 
Barain 
Bangladesh 
Bhutan 
Burma 

203 
78 
140 
164 
110 

183 
27 
119 
128 
63 

2,440 
x 

2.210 
2,310 
2,160 

X 
90 

91 
X 

89 

90 
X 

83 
X 

99 

91 
x 

85 
X 

116 
. 

35.4 
60.0 
433 
40.6 
49.5 

390 
70.6, 
49.6 
47.9 
600 

China 
Cyprus 
ndia 

indonesia 
Iran 

81 
29 
145 
120 
150 

32 
15 
99 
74 
107 

2,360 
2,480 
2,210 
2,160 
2410 

86 
108 
89 
81 
87 

94 
122 
87 
95 

115 

115 
137 
96 
113 
128 

59.6 ;' 

70.3 
48,0 
45.1 ;. 
53.2 

69.4 
74.6 
57.9 
560 
59.0 

Iraq
Israel 
Japan 
Jordan 
Kampuchea Dem 

111 
25 
16 

102 
130 

69 
14 
6 
44 

130 

2,410 
2,570 
2,340 
2,460 
2,220 

89 
109 
112 
93 
98 

. 

98 
119 
119 
96 
85 

118 
121 
122 
120 
93 

53.0 
70.8 
71.1 
51.7 
45.4 

63.9 
75,1 
772 
66.0 
48.4 

Korea, DermPeople's Rep
Korea Rep. 
Kuwait 
Lao People's Dor Rep 
Lebanon 

.58 

58 
55 
147 
52 

24 
24 
20 
110 
39 

- 2,340
2 '50 

2,220 
2.480 

1) 
X 

99 
96 

86 
99 

118 
117 

X 
82 

103 

133 
120 

x 
94 
119 

57,6
57.6 
64.4 
45.4 
62,9 

69. 
69.4 
72.7 
52.0 
67.2 

Malaysia 
Mongolia 
Nepal
Oman 
Pakistar, 

50 
82 
164 
186 
145 

26 
45 
128 
100 
109 

2,240 
2,430 
2,200 

X 
2,310 

101 
106 
87 
X 
76 

111 
103 
86 
X 

91 

114 
114 
91 
X 

95 . 

59.4 
58.0 
40.6 
43.8 
45,5 

68.6 
64.5 
47.9 
55.4 
52.1 

Philippines 
Qatar 
Saudi Arabia 
Sinapore 
Sri Lanka 

70 
85 
140 
24 
61 

45 
32 
71 
9 

33 

2,200 
x 

2.420 
2,300 
2,220 

i. 82 
X 
79 
97 

100 

94 
-
83 
114 
93 

106 
X 

132 
117 
102 

56.2 
59.0 
49.9 
67.9 
64,2 

63.5 
69.2 
63.7 
72.8 
70.0 

Syrian Arab Rep 
Thailand 
Turkey 
United Arab Emirates 
Viet Nam 

107 
84 
153 
85 
133 

48 
39 
76 
32 
67 

2,480 
2,220 
2.520 

X 
2,160 

89 
95 
105 
X 

97 

101 
102 
118 
X 

94 

126 
105 
126 

X 
101 

540 
56.7 
54.4 
59.0 
47.9 

65.0 
64.2 
64.1 
69.2 
60.8 

Yemen 186 120 2,420 80 84 91 40.9 50.9 
Yemen, Dem 186 120 2.410 84 79 95 40.9 50.9 

EUROPE 30 13 . 70.6 .0 
Albania 77 40 2,410 102 107 114 66.2 72.1 
Austria 
Belgium 
Bulgarl ,. 

Czechmovakia 

27 
23 
31 
23 

10 
10 
15 
14 

2,630 
2,640 
2,500 
2,470 

126 
128 
If" 
13v 

126 
134 
141 
139 

133 
140 
146 
144 

69.9 
70.9 
70.8 
70.1 

73.9 
74.3 
72.6 
72.0 

De"vntr. 
Finland 
France 

.r 
16 
15 
21 

7 
6 
8 

2,690
2.710 
2,520 

127 
116 
135 

125 
116 
137 

132 
114 
140 

72,9 
69.6 
71.5 

75.1 
74.6 
75.2 

German Dam Rep
Germany, Fed Rep 

21 
23 

10 
9 

2.620 
2670 

122 
118 

133 
123 

143 
129 

71.3 
70.3 

73.1 
74.5 

Greece 
Hungary 
Iceland 
ireland 
italy 

. 42 
37 
13 
23 
33 

15 
17 
6 
9 

11 

2,500 
2,630 
2.660 
2,510 
2,520 

124 
122 
118 
138 
124 

139 
130 
112. 
139 
137 

147 
135 
117 
145 
140 

71.0 
69.2 
73.4 
71.1 
71.0 

74.8 
71.3 
77.1 
73.8 
75.2 

Luxembourg 
Malta 
Netherlands 
Norway 
Poland 

21 
28 
14 
14 
36 

8 
11 
7 
7 
17 

X 
2,480 
2,690 
2,680 
2,620 

X 
118 
123 
115 
123 

X 
116 
128 
116 
132 

X 
107 
132 
121 
126 

69.9 
69.4 
73.6 
73,8 
69.9 

71.9 
72.7 
76.5 
76.4 
72.4 

Portugal 
Romania 
Spain 
Sweden 
Switzerland 

61 
52 
33 
13 
17 

17 
23 

9 
6 
7 

2.450 
2,650 
2,460 
2,690 
2,690 

107 
114 
117 
117 
127 

123 
125 
133 
117 
124 

125 
128 
136 
118 
129 

66.1 
68.4 
71.6 
74,1 
72.2 

, 

73.0 
71.1 
75.0 
76.8 
76.5 

United Kingdom 19 9 2,520 133 129 126 . 71.4 74.5 
Yugoslava 61 25 2,540 128 138 142 66.6 .71,7 

USSR 26 22 2,560 126 . 132 135 69.6 72.1 

MCANIA 48 . 26~ ~, ~ 64.2 6., 
Australia 13 8 2,660 120 124 127 709 75.7 
Fi; 
NewZealand 
Papua New Guinea 
Solono Islands 

: 55 
18 
130 
X 

26 
11 
62 
X 

2660 
2,640 
2660 
2,660 

93 
127 
72 
84 

99 
131 
78 
77 

109 
134 
82 
80 1. 

627 
713 
45.1 

x 

704 
745 
54.0 
X 

Source: U.N. Population Dvision,
XK- nol available. 
For additional Information, see Sources and Technical Notes 
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Table 16.4 Malaria and Ciolera Incidence, 1979-84 
-

Reported Malaria Cases Reported Cholera CaseI, 
-... 1979 1980- -1981 1982 1982 1983 198 4 . -	 1984. . . 

~ 	 WORLD 

AFRICA 

Agria 73 36 67 71 41 32 2513 1,075 x x 218 45 
Ang 	 522,385 797,688 X XBenin 	 122,405 131,909 142,872 X 

X
X X X X X X X X)x 3 2 3 X 1Bot,,rswana 5,954 2,773 X X X x.....a Faso - -a--aso317,533 211,661 326,183 X X 
X X x X x X 

Burundi 94,049 79 181 X X 
X- X X x X X 2,191 

Cameroon ii X X 915 2,039 582 351 477 180X X XCape Verde 	 621 213 X 
x 

X 
X X 16 229 243 5 55 392 

Central African Rep .x X X X 	 X X X XChadx 	 167346 X X X X X.... ..X....
Chd--.XX 	 x x .. Xx . . ..Xx X X X. XX X X X X X X
Comoros X X X XCongo 147.521 x X 

X 
X 

X X X X X X X 
Cote dlvore 349,046 X 

X x X X x X X XX X X XDjibouti 	 X 3 X 34 X X123 69 640 X X X X X X X X.474 X . X. _423 198 194 x . x - x x xEquatorial Guinea 	 X X -xx ..... i..... - i -7 X X *1"i. 	 Ethiola 31.658 X XEtipax 	 X X XXXXx x 1 xx x x x x x xXX 125
Gabon 16,776 x xx x x X XGambia 51,993 70.119 	 5 7 X YGhana 	 X X X X X X xXx .. 	 X X X xX X X X 1,783 260 581 1,784 14,1 1015Guinea 23,086
Guinea.Bissau 	 X X X X X X X X X -x160,931 148,142 161,496 X XKenya 437,660 X 	

X X X X X X XX X x x 1,070 2,808 2,424 3,498 14Lesotho x x 	 1,049X xLiberia 	 x x X xX 20X 
 X - X X 438 2,690 1,582 670 183 17Libya 134 106 1.473 X 129Madagascar 302,336 X 
117 X X- x- X X X
 

Malaw 23.237 X 30,234 
X X 

X 
X X X X X X ICX
X X.<"Mali 	 X I 261 X 513 X180.176 149,308 x xX 'A xMauritania .. 	 x x X 1,795I . X X. 	 X - x ___ X ,492Mauritius 128 470 607 x x XMorocco 397 	 X X IC' X X X99 62 75 318Mozambique 

360 	 X X X X X Xx x xNiger 	 384,029 X X 
X x 

X 
X 4,564 1.212 1.753 2,301 10,334 521X xRad102 	 X X 7 X X 3,7883 1171 071 x x x x 293 139 305 186 171 1,667Rwanda 137,047 123,882 X X X x 5 	 30 24 97 54 161

Senegal 508,010 X 498,895 XX XSomaliaLeone 	 103 X 428 X X 712Sierra 79,99143x x x XXXx x I XX X) Xx XX XX XX 
South Africa 1,.343 C IC X C xC IC C IC X IC I20)7 10 59
Sudan 	 X X X 2 859 4180 11,968X 2.925.407 X 	 4,715 1,182
Swaziland 	 x X 

X 
x 

X X 845 17 X X X IX x X
Tanzania. United Rep 	 X 238 538 IX X• Togo 	 294,562X XX X ICX X X 2.559 5,196 4.241 4,071 1,816X X X X X	 2,600 

Tunisia 

Uganda 	 20,305 x 70,52( ' X X 1,539 

X X X 
x XZaire 	 X 190 X X317,533 X Xx
Zambia 	 X X 5,515 1,051 2,379 10.328 2,977 16210,580 X X XZimbabwe 	 165 57 14 1,403 X X3,807 14,587 X X 

X 
X 

X 
x Xx I X X X 

NORTH & CENTRAL AMERICA 
Barbados 
 2 1 1 X X X 0 0Canada 	 0 0 0 0X 631 538 X XCosta Rica 307 X 0 3 	 0 0 2 0376 168 110 245 569 0 0 0 0 0Cuba 
 295 307 573 X X X 0 0 0 0 0 0Dominican Re 3,080 478.0 4,6543,596 3,801 2,370 0 0 00 0 0ElSalvador 77,976 95.835 93,187 86,202 65,377 66,874 0 0Guatemala 69,039 62,657 77,375 	

0 0 0 067,994 64.024 74,132 0 0 00 0 0Haiti 41.252 53,478 46,703 65,354 53,954 54,896 0 0_JamaicaHonduras 	 0 0 0 025,2975 43,009X 49,377I 57,482XXX0 37,536 27,332 0 00 00 00 O0 O 0 
Mexico 20,983 25,734 42,104 49,993 74,172 95,501 0 0Nicaragua 18,418 25,465 	 0 0 0 017,434 15,601 12,907 15,702 0 0 0 0 0 0Panama 316 310 340 334 341 125 0 G 	 0 0 0Trinidad and Tobago 8 3 3 X X X 0 	 0 00 	 0 0United States 894 2,062 1.388 X X X 1 10 21 0 1 0 
SOUTH 'AMERICA ,. , 

Argentna 
 936 341 323 567 .535 437 0 0 0 0 0 0Boivia 	 14,712Brazil 16,619 9,774' 6,699 14,441 16,338 0 0 	 0147,630 176237 205,544 221,939 297,687 	 0 0 0378,257 0 0 0Chile 	 0 0 0X . I .X X 0 0Colombia .	 0 0 0 060.957 57,346_ 78160160.972 105,360 55268 0 0 00 0 0Ecuador 
 8,207 8,748 12,745 14,633 51,606 78599 0Guyana i 2,294 3,202 1,700 	
0 0 '0-- 0 02,065 2,102Paraguay 116 140 	

3,017 0 0 0 0 G 073 66 49 544 0Peru .	 17,127 14.982 14,812 28,563 
0 0 0 0 014,613 36,621Suriname -.903 4445 2,479 2,805 , 1943 3,649 

0 
0 • 0 

0 	 0 0 0 0 
0O 0 0 0Uruguay .	 IC X XXC IC xIC .0 0 0 0 0 0Venezuela . . ) " 4,705 3,884 3,354 . 4,127 8,388 11.127 0 0 0 0 0 . 0 

1 ), 7D , 	 r [:: " 
 : .	 ". . i, S... % '. . . . . . 7 7
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*Reported Malaria Case. Reported Cholera Cases
 

-19359 16.-94--197- ,05-965 2,04-- 137 -17 Table91---192 
Afghanistan 34,444 47,285 67,668 110,309 118684 155,720 X X X X X X;
 
Bahrair, 273 256 274, X 'X X 39 X X X X_ ,I
,
Bangladesh 49,776 67,727 45,902 38,204 40,303 31 787 2,154 X x X X X
Bhutan 5,375 X X X 5,213 18,356 X X X X -X

Burma 14.515 16,469 42.019 42,021 36,647 60,488 874 1.018 54 X 989 X
 
China 2,384,543 i300.349 305 2041359 1377647 903802 65 88 X X X X
Cyrus 1 2 6 r X X X X X X X X
India 3,064697 2,844,815 2,622,639 2,100,447 ,11,149 2,023,462 5,073 'a,522 5,237 4656 8.542 2,519

Indonesia 165,911 175.239 149,576 220,129 147,887 . 92,527 28,738 /5,541 18,354 8,183 12,964 7,921
Iran 22,175 32,635 29,655 42,808 45,916 30,835 1,856j/ 1,399 6034 427 270 531
 
Iraq 4,012 2,815 x 3,326 2,422 3,340 X/ X X X X X

Israel 16 43 44 X X X X/ X X 1 X X

Japan 53 55 41 x X X 11/ 22 19 16 35 55

Jordan 320 I!.PJ2 274 X X X 141 X 908 X X X
 
Kampuchea, Dem X . X x 10,114 X X X X X X X
Korea, Dem People's Rep X ¢' X X X X X 170 X X X X 
Korea. Rep X X X 
 X X X 145 X ) X X

Kuwait 98' 98 142 X x X X 9 X X X
Lao People's Dem Rep X 2,603 X X b,564 7,210 X X X X X

Lebanon 9 
 4 9 X X X . X X XXX
 
Malaysia 44,912 44,552 59,422 43,915 22,218 32.094 502 106 479 516 2,195 67
 
Mong2ia
Nepal X X X X X " X X X X X X12.131 12.265 15,978- 16,907 16,719 28,208 " 22 11 24 X X
Oinan .- 2,247 1,340 2,218 30,566 34,885 16.590 X X Xf. X X X
 

Pakistan --- 17,707 37.923 .56.708 49.160 73,996 X X 4 X X X

Philippines 87,668 105,750 97.557 97,531 90,319 107,301 933 836 864 '345 X X
 
Oatar 124 62 116 X X X X X X X X X
Saudi Arabia 3,192 6,496 5,543 15,167 17,956 11,091 23 2 13 X X X
Singapore 208 200 261 x X X 10 18 34 31 14 40
 
SriLank 48,004 47.949 47,383 38,6612,264 149.470 46 104 574 309 86 X
 
Syrian 2 550 1,828 1,260 689 X X X
Av taRep 1,481 2,183 840 X X 
Taland 302.568 396,705 427,792 419,763 243.906 306,569 1,788 4,331 39 638 1,495 645
 
Turkey 29,323 34,154 55,551 X 66,681 55,382 X X X X X X

United Arab Emirates 11,599 8,560 7.653 6,224 4,815 3,516 X X X X X X
 
VietNam 40,702 31,763 42,714 50.920 63.649 5.806 365 978 374 50 390 22 
Yeien 3.838 5.824 10,029 20,641 2.168 1,262 x x x x x x
 
Yemen,Dem 4.083 2,153 4.079 7,609 9,294 3.615 '1,953 720 X X X X
 
EUROPE .A 

Albania X x x x x x X x x x x
Austria 35 44 54 X X X X X 2 X X XBelgium 56 59 30 X X X X 1 X X X 1
Bulgaria 102 128 420 X X X X X X X X X
Czechoslovakia 6 15 2 X X i X X X X X X 
Denmark 110 70 104 X X X X >X X X XFinland 13 13 14 X X X X X X X X
 
France 99 11 77 X X X X 3 201 18 3 1
GermanDemRep 22 16 35 X X x . X xrGermany, Fed Rep 486 570 319 X X X X 5_1 X 
Greece 44 53 64 x X X X X X X X X
Hungary 13 6 34 X X X X X X X X XIceland x x x x x x x x x x x X
Ireland 32 22 25 X X X X X X X X XItaly ___164 176 143 X x x 8 x x x x X 
Luxemoourg x X 7 X X X X X x X X X
Malta X x 1 X X X X , X X X XNetherlands 113 101 128 X X X 5 X 2 X 2 X
Norway 32 25 35 XX. X X X X X X XPoland 23 i X 29 X X X X X 1 X X X 
Portugal 45 26 27 X X X X X X X X X
Romania 19 14 22 X X X X X X X X X
Spain i,52 90 129 X X X 267 4 2 1. 2 4 

Switzerland 
 93 95 138 X _ X 2 x ______ _I
United Kingdom 2,053 1,670 1,576 X X X Xir 6 12 1 5 5
Yugoslavia 55 83 58 X X X x X 2 X X X 

US 39 38 304 x x .x x J x. x. :x. .x x 

Australia 473 629 497• i.:'•:X X X X 1 2 2 1 4 1: X X X XX X X X X X X X 
New Zealand , X 65 39 x x x 1 X X X X 
Papua New Guinea : 117,E70 118,390 122,743 109306 126,930 150,328' X X X X X XSoimon Islands 26357 35,028 61,108 69,829 B4,526 72108 X X X X X X 

Source: World Health Organization,
0 - zero X - not available. 
For additional information, see Sources and Technical Notes. 
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:Table 16.5 Unmet Need for Contraception, 1980
 
- _-wo .aPercenge ofWomen. -...

WantingNo Mo hildrenNeed of 
Year Contraception 

c a oIn 
Year 

of Low High
Survey Eatimate Estimate 

AFRICA 
Benin 1981-82.
Botswana 1984 
Cameroon 1918 
Cote d'voire 1980-81 
E rnt 1984 
Gana 
 1979 

Kenya 1977-78Lesotho 1977 
Mauritania 1981
Mauritius 1985 
Morocco 1980
Nigeria 1981-82 
Sudan 
 1979 
Tunisia 1983. 

CENTRAL AMERICA & CARIBBEAN 

;erbados 1981Cosls Rica 1981
Dominican Rep 1975 
Guatemala 1983 
Hai', .1977 
Honduras 1981
Jamaica 1963 
Mexico , 1979
Panama 1984 
Trinid-,1 and Tobago 1977 

3 X 
5 X 
1 1 
2 3 
X 21 
5 8 
6
5 

10
9 

6 
3 

X 
X 

11 
2 
6 

X 
X 
9 

10 19 

• "Pakistan 

X
6 

12 
P . 

19
11 
21 

21 X 
13 30 
9 21 
19. 
14 
13 

22 
X 

14 19 

.. 2Sr'-,rces: The World Bank; World Fertility Survey; Contraceptive Prevalence Surveys. Population Reference Bureau; and U.S. Centers for DiseaL'L'l.,, ,X = nol available, . ,

For additional information, see Sources and Technical Notes,
 

Sources and Technical Notes 

Table 16.1 Estimated Size and 
Growth of Population, 1955-2000Growh of Pbased 
Source: U.N. Population Division, World Fbpu-
latian Prospects: Estimates and Projectionsas 
Assessed in 084 (U.N., New York, 1986).,

Population refers to the midyear population.
Most data are estimates based on populationcensuses and surveys. All projections are for the 
medium-case scenario (see below). The average
annual growth rate of population takes into 
account the' effects of international migration.

Many of the pre-1980 data InTables 16,1-16.3are estimated using models. Several kinds of 
demographic information are required to esti. 
mate the growth and compo'ition of acoun-
try's population: the size " the populatln, age
and sex distribution, fertility and mortality rates 
by age and sex groups, the growth rates of 
both the urban and rural population, and the 
levels of Intcrnal and international mignuiin.

Recent population censuses and surveys have 
collected Information needed to calculate or 
estimate the5above indicators,'although the 
degree of alccuracy varies. The Population Divi-
sion of the U.N. Department of International 
Economic and Social Affairs compiles and 
evaluates national census and survey reports
from all countries. When necessary the data 
are adjusted for.over- and under-enumeration 
of cert,,dn age and sex groups (infants female . 

children, young males), misreporting of age and 
sex distributions, changes in 'definitions, etc. 
These adjustments incorporate data from civil 

. rce, 1987 

. 

.-. - .: --" 
'WantingDsrdand 

Number NumberYeaYea 
of of

Children Survey Eatimate Estimate Children 

AMERICA mSOUTH 
X Colomrba 1980 7 24 4,1X Ecuador 1979 13 26 .CX Guyana 	 1975 23 29 4.6X Paraguay 1979 9 17 5.14.1 Peru 	 1981 13 41 386.1 Venezuela 1977 10 22 42


7,2

5.9 ASIA 
92	 

,
 

X Bangladesh 1983-84 25 
 28 4.1X Indonesia 1976 10 15 4.1X Jordan 1983 20 X 636.3 Korea. Rep 1979 XI 23 3.2X Malaysia 1974 15 23 4.4Nepal 	 1981 22 27 3.91975 17 27 4.2 
Philippines 1978 11 29 4.42.4 Sri Lanka 1982 18 31 3.84.7 Syrian Arab Rep 1978 7 15 6.14.6 Thailand 1981 13 17 3.7

X Turkey 	 1978 13 .X 3.03.5 Yemen 	 1979 8 12 X
X 

4.0 EUROPE .4.5 .4,2 Portugal 1979-80 6 -X - X3.8 L OCEANIA 

Fiji 	 1974 10: 15 

''Birtk- 're projected by applying age-specific
fiAlity rates to the projected female poptla-
tibn. The births are distributed by an assumed 
sex ratio, and the appropriate age- and sex.-
specific survival rates are applied. Future migra-
tion rates are also estimated on anage- and 

esti mated -eu 

256. 

Percentage of Women -
No More Children
InNeed of

Contraception DesiredNumber' 
Low High of 

registrations, population surveys, earlier cen-
susiA and, when necesary, population modelson information from socioeconomically 
similar countries. (Bccause the figures have 
been adjusted, they are not strictly comparable 
to the official statistics compiled by the U.N. 
Statistical Office and published in the Demo-
graphic Yearbook.)After the figures for size and age/sex compo-
sition of the populalion have been adjusted, thedata are scaled to 1980.: Because most coun-
tries conducted apopulation census or large-
scale population survey in the 1970s or early1980s, the scaling is usually minor.Similar esti-
mates are made for each five~year period
between 1950 and 1980. Historical data are 
used when deemed accurate, with adjustments
and scaling similar to those described above,
For many developing countri&,however, 

'accurate historical data do not exist. The PRpu-
lation Division estimates the main demographic 
parameters for these countries using available 
Information and demogiaphic models. 

Projections are based on estimates of the 
.' 

1980 base year I pulation. Age- and sex
specific mortalitLirates are applied to the base 
year populat0io determine the number of
surVivoreidthe end of each five-year period. " 

sex-specific basis. Combining future fertility, 
mortality, and migration rates yields the
projected size and composition of the popula
tion. 

Assumptions about future mortality, fertili,,... 
tand migration rates-the three components o. 

population growtlh-are made on acountry-by

country basis and, when possible, are based oi
historical trends. Four sceniarios of populatiopn 
growth (high, medium, low, and constant) a ecreated using differnt assumptions a.u.these 
rates. The medium-case scenA1o, for ex&,mple, 
assumes medium levels of feility,mortality,and migration, assumptions tiat may vary.

widely among the countries. 7he medium mor
tality assumption Includes a fe-year galnof
 
2.5 years In life exl3tancyi'i birth unt it 
reaches 62.5 year. Life e,,,Tctancy isassumed 
to Increase more slowly ti!after. For coun
tries that have had little 14' no rduction In 
mortality recently (some Iub,-taran African: 
and South Asian countries), 1he five-year galn-'.
in life expectancy was assumed to be two years 
or less. Refer to the source for further details. 

Table 16.2 Births, Deat|pk, Fertil 

9 n g-d c 

Source: U.N. Population Division, World Popii
lation Prospects: Estimates and Projections as 
A,sessed in 1984 (U.N., New York, 1986)

,he crude birth rate ls derived by dividing
th'e number of live births inagiven year by the 

V 
-

, 

I 
' 



midyear population. This ratio isthen multi- world's population lives inareas where malaria Bureau, Washington, D.C., April 1982)., 

plied by 1,000. , isaserious public health problem. Eslmates of unmet need are based on sur-
Thie crude death rate isderived by dividing Cholera, an acute diarrheal disease, Iscaused ve'ys of women-between the ages of 15 and 49 

the number of deaths in a given year by the by bacteria found in feces-contaminated water. d conducted between 1972 and 1985 by the WFS,
midyear population. This ratio isthen multi- Though primarily awatei borne disease, it can contraceptive prevalence sur (CPS), and 
......plied " 000' . ..'.. b e transmitted by fbod particularly fish'and - - --- a ter al-chld health-surveys. r. 

The total fertility rate is an estimate of the 
number of children that ap average woman 
would have if current age-specific fertility rates 
remain constant during her reproductive years. 

The age dependency ratio isa'fraction whose 

shellfish from contaminated waters. Cholera is 
quickly spread inareas lacking safe drinking 
water or adequate sanitation. Estimates of 
drinking water supply and sanitation services 
are presented inTable 17,2. ' 

- Both the WFS and CPSs provide information y 
on fertility, contraceptive use, and attitudes ;K , 

toward fertility, but their purposes and methods : 
differ. First, the WFS conducted surveys inboth 
developing and developed countries, and CPSs A 

numerator isthe sum of the populations in the 
0-14 and over-65 age groups and whose . 

fhe malaria and cholera cases shown here 
are those reported by countries to WHO and 

were limited to developing countes. (Because 
developed countries conducted their own sur

denominator is the population in the 15-64 age WHO regional offices. These data are limited, veys for the WFS and modified the standard 

V 

group. .. ' . 

For details on data collection, estimation, and 
projection methods,' refer to the source or to 
the Technical Note for Table 16.1. 
Table .16.3 Health Indicators, 

1964-90 

however, because many countries do not report 
and others provide incomplete reports. The 
diversity of reporting systems, as well as " 
changes in these systems, allow only limited 
cross-country, comparison. For example, most 
countries report only laboratoryconfirmed 
cases of malaria and cholera, and data from 

. 

. WFS survey, results are not strictly comparable 
to developing-country data. No estimates of 
unmet need have been compiled for developed 
countries.) Second, in assessing unT-9t need, 
the WFS addressed dnly, married women's
demand for contraception-and only for the 
purpose of limiting births. Several CPSs sur-

Sources: Infant mortality and life expectanc' 
data: U.N. bpulation Division, World Popula-
tion Prospects: Estimates and Projections as 
Assessed in 1984 (U.N., New York, 1986). Mini-

' 

sub-Saharan Africa generally refer to clinically 
diagnosed cases. Because WHO relies on 
reports of laboratory and clinically confirmed 
cases, the total number of cases is under-

veyed unmarried and married woien, and 
they included questions on the 'use of con
traception for spacing births, thus permitting 
identification of categ(.ries of unmet need that 

' 

mum daily requirement of calories and calorie 
supply as percentage of requirements: United 

reported. This problem isparticularly true for 
cholera because cholera cases are often difficult 

the WFS does not. 
InTable 16.5, unmet need isdefined as the 

" 

Nations Food and Agriculture Organization
(FAQ), unpublished data (FAO, Rome, Septem-
er 1986). " '' 

The infant mori,,ity rate isderived by divid-
Ing the number of babies who die before their 
first birthday in agiven year by the number of 
live births in that year. This ratio is then multi-
plied by 1,00U. 

Life expectancy at birth is the average num-
ber of years that anewborn baby isexpected 
to live if the age-specific mortality rates effec-
tive at the year of birth are applied. 

The minimum daily calorie requirement is 
the energy intake necessary to meet the 

to distinguish from other diarrheal diseases and 
frequently are not referred for laboratory 
analysis, 

Although Africa now reports the largest num-
er of cholera cases, the disease did not exist 

there until 1970, when aglobal pandemic, 
originating in Indonesia in 1961, reached the 
continen,. Outbreaks occurred insouthern 
Europe iq.he early 1970s, and the disease was 
reported in the South Pacificfor the first time 
in 1977. Inthe Western Hemisphere, only the 
United States has reported cases of indigenous 
cholera. Most cases of malaria and cholera 
reported inEurope are not indigenous but are 

percentage of married women of childbearing 
age who are fecund, do not want more chil
dren, and are not pregnant or protected from 
the risk of pregnancy. A range of estimates of 
unmet need is given for some countries. Low 
estimates treat women who are breastfeeding 
during the first year after abirth as protected 
from pregnancy, and include in the unmet need 
category only those women who are not using 
,,ny form of contraception. High estimates do 
not treat breastfeeding as protection from preg
nancy; they also consider women using ineffi
cient methods of family planning as having an 
unmet need for contraception Efficient 

energy needs of an average healthy person. It 
iscalculated for each country by the World ' 

Health Organization, which takes into account 
body size, age and sex distribution, physical 
activity level of the population, climate, and 

brought by people carrying the disease from 
infected areas. WHO estimates that about 4,000 
cases Of malaria are imported annually into 
Europe. 

methods of contraception include male and 
female sterilization, oral contraceptives, IUDs, 
injectables, diaphragms, and condoms. Ineffi
cient methods include withdrawal, rhythm, and 
traditional methods. Because neither estimate 

other factors. 
The caloriesupply as apercentage of 

requirements includes calories from all food 
-ources: domestic prodtction, international 
trade, stock drawdowns, and foreign aid. The 
quantity of food available for humai,rbnsuvrj.-
tion, as estimated by FAO is the food that 
reaches the consumer. The number of calories 
actually consumed may be lower than the : 
figures shown, depending on how much food is 
lost in home storage, preparation, and cooking 
plus what is fed to'pets and domestic animals 
or isdiscarded. 

' 

Table 16.5 Unmet Need for Con-
traception, 1980 
Sources: Unmet need for contraception: The 
World Bank, World Development Report 1984 
(The World Bank, Washington, D.C., 1984);
International Statistical Institute, World Fertility 
Survey (WFS), The World Fertility Survey, 
Major Findings and hiplications(International. 
Statistical Institute, Beatrixlaan, the Nether-
lands, 1984); Westinghouse Public Applied Sys-
tems (WPAS), Botswana Family Health Survey 
1984 (WPAS Columbia, Maryland, December 
1985); WPAS, Fertility and Family Planning in 

' 
includes the need for contraception to space 
births, all figures presented here should be con
sirlered conservative. 

Surveys in four countries did not achieve 
national coverage: Sudan (northern population 
only), Mauritania (sedentary population only), 
Malaysia (Peninsular Malaysia only), and 
Indonesia (Java and Bali only).' 

Data for Benin, Nigeria, Mauritania, Morocco, 
brkey, and Portugal were taken from the WFS 

Estimates for Mauritius, Jordan, Panama, and 
Guatemala were provided by CDC. Only low 
estimates of unmet need are available for these 

Table 16.4 Malaria and Cholera
Incidence.,-.... 1 4 
Incidence,19-9-84 
Sources: World Health Organization (WHO), 
IWorld Health Statistics 1984 (WHO; Geneva, 
1984). WHO, Weekly Epidemiological Record 
(WHO, Geneva), Vol, 59, 1984, pp. 141-148; and 
Vol. 60, 1985, pp. 149-156. WHO, World Health 
Statistics Quarterly'(WHO, Geneva),,Vol, 37, .. 

No 2, 1984; Vol. 38, No. 2,1985; and Vol. 39. 
No. 2,1986. "' < '.. ' ' ' 

Malaria isa parasitic ifectious disease car-
ried by the Anopheles mosquito, which trans-
mits the Plasmodlum parasite from the blood 
of an infected person to that of an uninfected 
person. WHO estimates that oVei half the 

. 

Egypt 1984 (WPAS, Columbia, Maryland, July 
1985); U.S. Centers for Disease Control (CP,,
1983 Jordan Fertility and Family HealIp Sur-
vev (CDC, Atlanta, Georgia, 1983); CDC, 1983 . 
Guatemala Family Planning/Aaternal-Child. 
Health Survey (CDC, Atlanta, Georgia, 1983); 
CDC, 1984 Panama Maternal-Child 

. Health/FamilyPlanning Survey (CDC, Atlanta, 
Georgia, 1984); CDC, 1985 lauritius Con-

'traceptive Prevalence Survey (CDC, 'Atlanta, 
Georgia, 1985). Desired number of children: 
The World Bank, worldDevelopment Report ' 

'1984 (The Wo,idBank, Washington, D.C., 
1984); and MaryNM.Kent and Ann Larson, ' 

'Family Size Preferences: Evidence from the " 
World Fertility SurueyOR'opulation Reference 

10 countries. :. . 
' Desired family size isbased on ever-married 
women's answers to the question, "Ifyou could 

:choose exactly the number of children to have 
'1nyour whole life, how many would that be?" 
The data shown are the mean for respondents 
who gave numerical answers. However, these 
data can provide only ageneral indication of 
desired family size Many women did not give 
numerical answers Of those who did, the 
answers of a significant percentage were incon 
sistent with their answers to the same question 

' in follow-up surveys. Further, the question is 
hypothetical for women with large families, 
because many would not wish for fewer 
children than they already have. 

~~ ' Vblcj1dcsourtos 1987 ~ ~ 
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17. Human Settlements
 

This chapter presents data on a few indicators of human 
living conditions: national urbanization characteristics, rural 
and urban growth rates, access to safe drinking water and 
sanitation, the populations of the world's largest cities, aid 
the aniount of waste generated by developed countries. 
The level of urbanization ina country and the rates of 

urban art (I rural !gro ,Wthcat signal Ile onset of numerous 
eivironmettal problems: air, water, and noise pollution ill 
urban areas; overstressed land rest-ir ,,s inrural areas; and 
shortages of necessary public services inhigh growth areas. 
UrIaii anid rural grr-'th rate data are ii ore comparable 
across cottries than are urbanization data. (See "Iable 
17.1.) The U.N. PlIpulation Division does not use a standard 
defitition of Iirban and rural to.estimate the urban fraction 
of a coiuntry's l ipoplation. Data are collected according to 
national definitiois, which vary widely. For example, in 
Mauritius, urtian areas are localities with 20),000 or more 
inhabitants. R rn, however, defines urban areas as popu-
lated centers with 111) or more occupied (wellitgs. I'ita on 
urblatn atid rural grouth rutv are iu10i- uuseful for cross-
country comparisolns because national definitions are 
usually applied consistently over time. Although some 
countries have changed their urban area definitions, the 
U.N. Population Division reviLes all previous national data 
to fit the current national definition. 

Provision oif safe drinking water and sanitation services 
can help prevent the spread of water-related diseas-s (e.g., 
cholera and schistosomiasis). However, accurate data on 
access to safe drinkin, water and sanitation in developing 
contries are difficult to obtain. (See 'bible 17.2.) (Service 
levels indeveloped countries are Wtually around 100 per-
cent.) Although Most counttries report data ott access to 
safe services to the World Health Organization, the various 
interpretations i "access" and "safe" make the existence A 
la ilities an inadequate indicator of protection from water 
related diseases. Poor design, maintenance, and operation 
of supposedly "safe" watcr supply systems, for example, 
can permit oi enhance the trainsmission of (lis'ease. A sys-
tern's actual effectiveness must be evaluated to deter'rtine 
its health benefits. 

lable 17.3 presents (lata on the population, area, and 
population density of the world's 85 largest urban agglotnera- 
tions. The U.S. Bureau of the Census adjusted national data 

to fit a common definition of "city," allowing comparison 
among cities in many countries for 1985. Historical popula
tion data are difficult to standardize for many cities because 
earlier data are often inadequate. 
There are striking contrasts in the data for developed

and developit g-world cities. ( )f the 85 cities, the ten with 
the lowest population density are inthe developed world, 
nine inthe United States. The ten cities with the highest 
population density are in developing countries, nine in 
Asia. 

Most countries do tiot collect data on waste gencation 
and disposal. Those that (1o usually collect data within a 
regulatory framework that requires waste generators to 
report their waste output. However, many countries lack 
legal and regulatory frameworks for managing wastes 
(especially hazardous and toxic wastes). Effective waste 
management requires supervised disposal sites, trained 
scientific and administrative personnel, laboratories, and 
adequate enforcement mechanisms, which many countries 
cannot afford. Even in countries with regulatory systems in 
place, data may not reflect the actual amount of waste 
genera ' 'l"InThailand, for example, although factories 
generatint, ,azardous waste are requ;red to register with 
the Department of the Environment, only half have con
plied. In the United States, the U.S. Environmental Protec
tion ,\gency's hazardous waste program excludes an esti
mated 600,00) small quantity generators (producing less 
than 1,0)0 kg of wastes per month) from its reporting 
requirements. 

Even when reliable waste generation data exist, they are 
not easily translated into managemient data. Some wastes 
are disposed of improperly or illegally, and other wastes 
are shipped across international boundaries for disposal 
(sometimes illegally). Wastes that are inipoperly disposed 
of can contamilnate air or groundwater: they can vaporize, 
leach through the soil, or travel oti wind- and waterborne 
particles of dust atd soil. 

Ultimately the greatest concern is the impact of wastes 
oin liumnati health and wildlife. Numerous contaminants 
fron leaki , landfills, dumped wastes, spills, and agricul
tural runoff have been detected in surface :nd ground
water. (See "table 23.3.) Wildlife and human tissue Studies 
have also detected tire presence of contaminants. 
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Hui-nain Settleilents ~ 

Table 17.1 Urban and Rural Populations, 1960-90 

S 
WORLD 
AFRICA 

- ~~--"Urban 

03386 

Population as 
- Percentage of Total 

1960 1970 - , !985 

J6.9 ""4'1.6 
18.4 22.9 32.1 

.-

1965-70 

2.8 
4.6 

Urban 

1975-00 

2.6 
5.3 

Average Annual Change InPopulation 
(percent) 

1985-90 965-70 

2.5 p1.7 
5.1 2.0 

Rural 

1975-80 

1.3 
2.1 

1985-90 

0.9 
2.1 

Angolia 
Benin 
Botswana 
- .rk7n38_Faso 

rundi 
rmeron 
Cape Verde 
CetralAricanRop 

10.4 
95 
1.8 

2.2 
13.9 

7.0 
227 

15.0 
16.0 
84 

2.2 
20.3 
6.2 

31.1 

24.5 
385 
192 

25 
42.4 
61 

45.7 

5.1 
8.9 

180 

1. 
6.3 
11 
4.7 

67 
85 
85 
40 

2A 
7.5 
1.5 
4.7 

5.5 
63 
7.7 

5.3 
5,7 
3.2 
4,3 

0.9 
10 

6 
1.6 

1,5
1.1 
2.5 
04 

2.6 
05 
30 
19 

1.5 
0.2 
15 
05 

16 
0.7 
25 
2.5 

2.6 
0,0 
12 
0,7 

Comoros 
Congo 
Cote d'voire 
Dblyti 

Equatorial Guinea 
Ethiopia 

Gabon 
GambiaGhana-----------------... 

Guinea-Bissau9 

Kenya 
Lesolho 

Libya
Libya 
Madagascar 

M ,i 
Maontan a.... 
Mauritius 
Morocco 
Mozambique 
Niger 

ig a- .131-4-5 .. 

Rwanda 
Senegal 
Sierra Leone 
SomaliaSgU~fndca...................... 

Sudan \ 
Swazil, 1 
Tar.zanl&, United Rep 
Tc;oQ 

51 7.? 14,0
330 348 396 
19.3 27.4 42.0 

X X
-,-.......3.9422 46.5 

255 39.0 59 7 
64 93 17.6 

174 25.6 40.9124 150 20.9i. 233 .4.. 29 . 39 -. 

13 2253136 181 271 
74 102 16,7 
I5 2.6 5.8 

16 
227 358 645 
10.6 14,1 218
44 60 12.0111 143 208 
67 13,.9. 3.4. 

332 42.0 56.8 
29.3 34.6 43.9 
3.7 5.7 19.4 
58 8.5 16.2 

164 290 

2.4 32 51
22.4 29.6 42.4 
13.0 18.1 28.3 
17.3 23.1 34.1.. _ ... ....4~5,%9 ........... 
1P3 16.4 29.4
3.9 . 9.7 26.3 
4.8, 6,9 14.8 
9.8 13.1 20.1 

66 
27 
7.6 

X 
3.0 

56 
5,6 

4.743 
4.. 

2.9 
7.0 
75 

10,3 ' 

51 .
68
47 
97 
4A 
4.4 
6.6 
6.5 

5r9 
5.6 
4.6 
5.02,5 

6,9 
10.3 
T5 
7.2 

.. 

. 

79 
3.3 
68 

3.3 

4.8 
6,2 

4544 
52 

53 
77 
7,3 
7,6 

7.3 
56
76
46 

39 
4,5 

128 
6.9 

6.4 
60 
4.6 

10.43 

T 
9,8
857.55 

52 

6,6 
4.1 
54 

X 

3.9 
6.7 

4.146 
. 2 

54 
46 
74 
7.1 

5.3 
6.7 
7.4 
5A 

3.0 
4.7 
9.2 
67 

6. 

7.1 
4.8 
4.5 
3.435 

5.8 
7.7 
7.77. 

5.8 

.12 

2.1 
1,9 
30 

X 
1.7 

-0. 
21 

-021.9 

1,5
-0.5 
3.3 
1.9 

1.2 
1.9
2.3 
1.8 

0.2 
2.0 
2.0 
1.7 
2.8 

3.0 
1.8 
07 
1.320_[ 

15 
1.0
2.82.828 
3,9 

35 
20 
25 

X 
21 

-08 
1.3 

-0217 
21 

1.5 
4.3 
3.5 
2.2 

00 
2.1
2.4 
1.6 

-01 
1,9 
34 
20 
2.9 

3.2 
22 
07 
6.0 

1,9 
1 5
15 
18 

2.4 
1.8 
1.6 

X 
1.5 

-0.3 
2.3 

021.4 
20 

1.6 
1.1 
35 
23 

02 
2.0
2.7 
2.1 

-03 
18 
0.9 
22 

-"-2,7 

3.4 
12 
08 

-0112 

1.5 
1.2
1229 

2.2 

, 

( 

Uganda 
Zaire 
Zambia 
Zimbabv. 

NORTH & CENTRAL AMERICA 

Barbados 
Carbad 
Costa Rca 
Cuba 
Dominican.e... .... . 
ElSalvador 
Guatemala 
Haiti 
Honduras 

5.2 
22,3 
17.2 
12.6 

63.3 

35.4 
68.9 
366 
54.9 

-3...0,2 
38.3 
33.0 
15.6 
22.7 

.... 

,8.0 
30.3 
30.4 
16.9 

67.2 

37.1 
75.7 
39.7 
60.2 

.. , 
39,4 
35.7 
19.8 
28,9 

.. 

14.4 
i14 2 
49,5 
24.6 

70.0 

422 
75.0 
459 
718 
55,? 
43 r1 
41,2 
280 
39.9 

8.1 
5.0 
8.2 
6.8 

2.3 

0.8 
2,5 
3.9 
2.8 

3.8 
37 
4.5 
5.1 

7.2 
5.4 
6.3 
5.7 

1.9 

1.6 
1.0 
3.9 
2.0 

3.5 
4.0 
4.7 
5 7 

7.1
4.9 
58 
5.9 

1.8 

2.1 
1.2 
3.7 
18 

4.3 
4.2 
5.0 
5.0 " 

36
0.9 
1.0 
3.0 

0.2 

0.1 
-04 

2 6 
0.6 
1.1 
34 
2 C 
1.6 
18 

28
1.4 
1.0 
2.8 

1.1 

0.3 
1.7 
2.2 

-1.5 
0,4__ 
2.5 
24 
1.7 
2. 

2.9
1.4 
0.8 

2.8 

0.4 

0.1 
0 7 
1.3 

-1.4 

2.2 
1.8 
1.6 
1 

Mexico 
Nicaragua 
Panama 
Trindad and Tobago
UnitedStates 

SOUTH AMERICA 

Ar enlina 
o0via 

Braz"l 

Cnle -

. 

. 

. 

" 

508 
39,6 
41.2 
22.2 
70.0 

51.7 

73.6 
39.3 
44,3 

678 

. 

59.0 
470 
47.6 
21.5 
73,6 

60.3 

784 
408 
55.8 

752 . 

700 
59.4 
51.9 
22,6 
74.2 

72.4 

8' .6 
43.7 
72.7 

834 

47 
5.1 
4 3 
0.7 
1.6 

4.0 

2.0 
2.7 
4.6 

29 

40 
4.4 
2.8 
01 
1.1 

3.6 

2.1 
2.9 
4,1 

24 

32 

4.5 
2.9 
2.8 
1.1 

3.0 

1.8 
3.7 
3"2 

20 

. 

13 

1,6 
1 
1, 1 

-0.2 

0.4 

-06 
2.1 
0 2 

-07 

08 

1,0 
1.8 

-0.4 
1 0 

-0.2 

-06 
2.3 

-0,9 

1 

'/ 

04 

1. 
0.7 
0.1 

-0.3 

-08 
2.0 
-13 

07-7 

. .. 

Guyana 
Paraguay
Peru 
Sur a e. 
Urgu'ty 
Veneuela 

29.0 
356 
46.3 

. ... 
80.1 
66-6 

294 
37.1 
57.4 

82,1 
762 

32,2 
41.5 
674 
.--------. 
85.0 
857 

2.0 
3.0 
48 

11 
4 8 

-

23 
41 
3 6 
-
08 
43 

, 

32 
41 
33 

, 
1,0 
33 

18 
23 
04 
, 

-02 
0.1 

18 
2.8 
1.0
0 

-06 
01 

. 

" 

10 
1 8 
0.7 
00-.,.4.-9 

-0?7 
03 

Wad eo e 18 
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STable 17.11 
Average Annual Change InPopulation ~ 

' 	 Urban Population as (percent) . ~ 
Percantago of-Total ..- Urban -Rural-

1960 1970 1985 1965-70 1975-80 1985"90 1965-70 1975-80 ' 1985-90 

- 23:6 282 3.3 620.6 

Afghanistan 8.0 11 0 18.5 5,6 4.3 88 1.9 0,2 4.8
Bahrain 7886 78.2 81.7 2.7 5.2 4.0 3.1 386 2.3 
Bangladesh 5.1 7.6 11.9 6.7 5,5 5.4 2.4 2.5 2.2
 

' Bhutan, 3.1 4.1 5.3 1.8 1.9 1.9
~ 	 2.5 4.5 4.6' 
Burma 19,3 22,8 30.0 4.0,043 45 1.8 1.8 1,5
 
China 16.8 19.3 21.0 2.7 2.2 ' ~2.2 2.6 1.3 0.7 A"

Cyprus 35.6 40.8 49.5 2,4 2.0 2.3 0.2 -0,4 -04 
India 180 198 25.5 3.4 3.9 . . 36 2,2 1.6 1 
ndonesia 14.6 17.1 25.3 3.9 . 4.9 4.1 2.0 1.4 0,6 

Iran 33. 41.' 55 5.~ 5.,0 4..2 1.9 .. 1 .... 9g . 
Iraq 42.9 56.2 70.6 5.3 5.2 4.2 08 0.9 07 

77.ael 842 3.8 ; -08 -1.27. 90.7 28 20 .0 

apan 62.5 712 76.5 2.2 1.0 06 415 01.0.5
Jordan 42.7 50.6 64.4 4.9 4.0 1 1.5 0.1 1.7 
Kampuchea ODem 11.7 1.56 -0.2 -410.3 1 4.0 50 	 J 
Korea, Oem Peoples Rep 40.2 50.1 68 4.9 40 3,3 0.9 0.3 9.1 
Korea, Rep 27.7 40.7 653 6.8 4.9 3.3 -,4 -2.2 -2.9 
Kuwait 72.3 77.8 937 9.2 7.7 45 . 9.1 -3.8 -3.1 
Lao People's Dem Rep 7.9 9.6 15.9 55 . 5.9 5.6 2.3 2.1 1.7 
Lebanon *39.6 59.4 80.4 j 12 2.9 . 
Malaysia 25.2 27,0 31.5 3.3 3.4 3.8 2.4 2.0 1.4 
Mongolia 35.7 45,1 559 4.4 4.3 3.8 2.0 1.4 0.9 
Nepal 3.1 3.9 58 4.3 ,- 5.0 , 5.5 , 2.0 *2.3 21 
Oman 3.5 51 88 64, 8.6 6.7 2.5 4,6 27 
Palkisw 2 24.9 298 9 42 96 24.. 2.5 15 ,,5 

Philippnes .30,3 33.0 39.6 3.7 3.5 2,:.5 2.5 2.0 1A4 
Qatar . .72.4 80.3 880 10.2 7.9 ,,: 3.6 58 ,. 3.9 0.6 
Saudi Arabia 29.7 48.7 73.0 82 7.4 4,8 0.1 04 .2 
Sin apore7 75.3 74.2 1.7 1.3 14 29 .3 05 

Syria 	 Arab Re 68 43.3 : :474A 48: 4, 121,. 

ThailandRep 12.5 13,2 156 3.6 3.4 3.9 3.0 21 1.3 
Turkey 29,7 384 48.1 4.9 3.6 37 12 . . 1.0 0.9 
United Arab Emirates . " 40.0 71.5 77.8 13.44 12.8 3.4 0.2 15.3 34 
VietNam 14.7 1$3 20.3 44 2.9 34 1.8 2.3 15 
Yemen 3.4 7.5 20.0 9.3 8.5 70 0.9 1.0 1.4 
Yemen, Dem 28.0 32.1 39.9. 3.4 3.8 4.5 1.4 1.5 18j 

EUROPE, ". 	 60.5 " 66.1 73.3 1.5 . 1.1. 0.9 -0.9 ' . -1.2' .13 

'4 .	 Albania 30.6 33.5 39.3 . 3,5 3.5 3.16 .2.3 1.8 11
Austria 49.9 51,7 56. 0.9 0.5 0.7 0.1 -0.7 . 09 
Belgium 846' 82 89.2 0.8 0.2 0.1 -2.6 -0.3 -0,9
Bulgaria 38.6 52.3 68.6 3.4 2.4 . .1.4 -1.8 -2.2 -2 1 

Czcolva46.9 	 55.2 6653 1,8 1,9 1.3 -1.4 -12 -1,5 
- Denmark 73.7 79.7 .85.9, 1.4 0.7 0.4 ., 1.8 ~ -22.1
 

Finland 38.1 503 66.9' 2.9 2.2 1.3 -22 -2.4 22
 
France 62.4 71.0 77.2 1.9 1.0 0. -1.7 ' -1.2 ( -14
 
German Oem Rep 72.3 73.7 78.2 0.3 0.3 . 0.3 -0.5 -1.4 -1.5
 

74 81.3 6.1 :10 03 01A - 2,0 -2.0.. 
Greece 42.9 52.5 65.9 2.5 2.8 1.6 -1.4 -1.0 -1.6 
Hungary 400 45,6 57.0 1.7 1.6 1.2 -0.7 -1.1 1 6 
Iceland . 80.3 84.9 89.6 1,7 ' 1.4 1.1 -1.5 -1.4 . 1,3
Ireland 45.8 517 1.7 18 04 0157.0 17-0.7 1.8 
Italy . *'2A.594 644 71.7 1.4 0,8 0,8 -08 -1 4 1.5 
Luxembourg :,- 62.1. 67.8 81.8 1.9. 1A 0.5 -2 -3.7 -31 
Malta 70.0 77.5 85.4 1.3 20 1.0 : -2.6 -1 -1617 
Netherlands 76.8 78.3 92.5 ,1.4 2.3 0.8 0.5 -9.2 -6.8 
Norwa~ ' 21 42. 80.3 3.E 4.8 -0.91.8 	 .69 8'0479 5 1 59 2 1.6 1.9 1.7 -01 -no _,,0 , 
Portugal , . ,22.5 26.2 31.2 0 '1 1.8 2.0 -1.9. 02 0.0 
Romania 34.2 41.8 54.8 34 2.7 2.1 -0.0 : 08 -1. 
Spainr 56.6 66.0 77.4 2.6 2.1 1.4 -1.5 -17 -1.6 
Sweden 72.6 81.1 85.5 18 05 0.1 -31 -1.5 19 

Sizrad51.0 54,5 60.4 2.0 0,6 0A 06 -10 -17 
United Kingdom 85.7 88.5 91.7 0.7 0'. 0.2 -1 9 24 9
Yugoslavia .27.9 	 34.8 463 3.1 2.8 2.3 -0.1 -0.4 0.9 

USSRW' .48.8 "Y,56.7~)~~66.3 2.5 1.8ia 	 0.7- 6.2:0 	 -i.0~'~ "" ~9' 
" OCEANIA~ '66.3., '70.8 -~71.7 2.6 '" 1.6 '15 0.5' :.~ 1.7'W' . 3' 

Australia ,.,.~ , 80 6 5.2 .286.8 2.5 .. 1,6.....1,4 -08. 1.0 02 
Fil 29.7 34.8 412 3 6 2,9 2.8 1.6 11l 05' 

New Zealand 70 811 837 2.0 07 10 08 01 01 
aNewGuinea 2,7 98 14.3 15.1 50 4,7 1.4 29 2.2 

,SouriU.N. Popu~lation Division.~ 	 ~"'j
0 = zero or less than five one-hundredths of 1perct~nt; X - not available
 

4,o' additional information, see Sources and Technical Notes,
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Tabe7.2Drnkng Water and Sanitation iDeeoIng Countriles, 
Percentage oPoulation with Access to Pretg fPrainwt cest a Dinking Water Sant n Services 

AFRICA 
:Ur an.' "" : 6: -Rural--..---"-- ----- To a Rural1-' 

~ Angola 31 90 12X
Botswana :': ,~~~n Bnn39012.19 • ' :4 98;: 18~ '26 47 29 "',;:, 1515 21 ::BuknaFso3 48 4~27 36 90 23Burun 

'und:.: , '. ,24 8 3 5 
aCameroon 90X X 22 , _.5

Cape Verde, 52 50X 5231 99 2Central African Rep 1 4 8 
X ,, X 

11 
x 

99Chad 49 
X XComoros X_ X X X X

21 42 7 XCote divoire X 
Djibouti X X X X~t', , 75X 

.88 80 40 X 
. X ,

8.. 7540
 
Equatorial Guinea . .47 X 99 , 10X 
Ethiopa99 10X "X . X :X ; " X:Gabon ' 
Gambia 49 

. 
1 36 ,Ghana 2 -. 1072.4 6j~9 X X .XGuinea . 2 '17 69 47 16. . 13 54 1 

Kenya : 3"28Lesotho . 19 22 18esoto 61 . 2113 "7 45 75
. 1 39,14 13 14 
Liba Lib20 r 96 100/o.90 X - 248 20

90 100 72Madagascar 
 23 7. . 9 38Mai 51 66. 49 X 75 X16 46 8 
 21 91 '3100 98
Mauritania , ,X 100 8480 . Xa X 0 
9a9iiu 100.Morocco 98 96 10a 90Mozambique . . 
X 1 GO X ~ 96Xo9X XNgea r.. .. X .. .. . -X . 34 41 3.8363
 

Nige.a 37 60 . 30 _ __ X 36 3Rwanda ,, . 60 55 .60 .SenegalSierra Leone ' 60..- : : - . .. .. . 45 . 69 : 277. 60 
. 60' . ' X 87 ... X':S ieraL~e - .87O .6" " ,22 61 .6 . .. 22 52 10Som-li55._2 
 21Sudan 41 -Swaziland X X X 20X ' 4873 XTanzania, United Rep " 46 88 X 7X XTogo . .839 52 83 47Tunia 26 

.11
.100 24 8
Uganda" 
-Zaire 2X , 450 12 . 

Zamba . 22 43 5 XZimbabwe 1X 100874X 48X ... . 1 
LATIN AMERICA 

, 

arge iaos84 72 17 84 94Babds53 32100 18BoliviaBrazil 41 78 12 23 4IX77 5 53 X 9
43a 

86L.- 100 18Colombia 10 4 
Rica,3 .Costa 

X 77 X 69 96 130 1Cba . 100 4X -DominicanRep x X62 85 . 32 27 41 9 ' ado58 98 2 44 4 2ElSalvador ,, 52 67 4940 80 26 
Guatemala
Guyana 52 90 2673 100 60 36 48 28'Haiti 86 100 8034 58 25 
 20' 41Q2.... 91 55 504044

Jamaica XMexico X76 91 X X~Nicaragua 4 5 '' 7 X58 9i 12
Panama 35863 97 26 X 

" 
35
6.
 

Peru E-araguay 46 - 10'," - 87 92 84 .55 73 
 18
Surinamne 39 '57 198 100Trir ,dc and Tobago 96 98 100 9697 100 96Uruguay 97 100 96
81 95 3Vnezuela 5 X
X, X 65' X X 
65A X 

0 

. . . . . . . . . . .. 

http:100/o.90


Percentage of Population with Access to 
Safe Drinking ater 

.Percentage of Population with4 c-s1 
XSanitationServices 

to 

T ta i1 RurrlarRni T7 oto 71 3471 -

Afg~anistan *,22 39 '18 'x 3b*. 

2' 
B fan 
Bangladesh
Bhutan/ ' 
Brun-, ' 

.X 

100 
41 

100 
29 
40c 

100 

95 . 

100 
4 
x''4X 

1IO 
21 
XX 

Z5 _ _ 

100 
2 

_a 
Burma 
China,
Cyprus 
HongKong . 

.. 

26. 
xX 

100) 
99 

36 
X 

100 
100.i 

21 
X 

100 
93 

21 
X 

100 
X 

.34 
XX 

100 
X 

15 

100 
x 

india 55- Al 47 - -1_____ 

Indonesia 
Iran 

32 
68 

40 
82' 

29 
50 

30 
72 

31 
96 

30 
43 

Iraq 84 100 46 75 100 15 
Israel xXx X X X X 
,73 94 34 
Kampuchea, Dem ' 
Korea, D People's Rep 
Korea, Rep 
Kuwait 
LaoPes D.m Re .. .. 

xX 
77 
87 
21 

'X X 
X 

86 
86 

2 

60 
100 

x 
X 

1CO 
100 

5 . 

x 
x 

100 
100 

3 

X 
X 

100 
100 

4 
Lebanon 

Maldives
Mongolia 

. 

.X 

X 
79 

X 

x 
97 
54 
X 

x 
71 

'7 
x 

72 
X 
X 

X 
1Malaysia100 
71 
X . 

X 
59 
1 

14 7 .. 11 2 - 16 .. . 

I 

Oman 
Pakistan 
Philippins
Qatar 

/ 
231 
40 
54 
72 . 

78 
53 
76 

16 
24 
55 
43 . 

2 
20 
58 

100 
53 
75 
X 

13 
6 

47-

SaudLaa -... _ _ 9Arra100 .. , 
Sin 
SriEanka 37 . 

. 100 
7 6 

' NA 
26 

X 
67 

100 
80> 

NA 
63 

Syian ArabRep
Thailand 
Turkey 

,, 80 
67 
78 

100 
50 
95 

61 
70 
6P 

X 
45 

66 
50 

29 
44 
X 

United Arab Emirates 
VietNam . 

92 
X 

95 
.X 

81 
31 

77 
x 

93 22 
70 

Yemen 37 100 21 75 X 
YemenDem .53 73 , 47 69 33 

OCE-ANIA' I 
American Samoa X 100 64 100 100 100 
CookIslands X 100 85 100 100 100 
Rill 
Guam 
Niue... 

,, 
. 

69 
100 

100 
100 
100 

48 
100
NA 

. 70 
100 

85 
100
100 

60 
100 

Pacific islandTrustTerr : X 68 24 X 79 7 
Papua New Guinea 16 . 55 10 16 91 3 
Solomon Isands X 96 45 P X 80 21 
Tokelau , X NA 100 X NA 50 

Tuvalu 
Vanuatu 

-_____-

' 

. .! 
X 
X 

91 

x 
100 

90 

x 
30 

... 

., 

J 
x 
X 

'. 

100 

X 
86 , 9 

'i g 
x 
64 

Samoa XWeemX 95 94 X 82."""" 86 

Sources; World Healh Or:anization; and U.N. Population Division. 
Notes: . . 
a. Data refer to sewerage only b,data refer to sanitation by non-sewerage 
means only; c data refer to drinking water by house connection only . 
0 - zero or less than half of 1 percent; X  not available: NA = not applicarle
For additional information, see Sources and Technical Notes . 
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Table 17.3 World's 85 Largest Urban Agglomerations, 1985 
Residentialct

Residential Density Populatio
Population Populatio.....Population 1 -.--..(square--Area (population 2-Area -'--per square a Percentage ,Denslty-" of Nationsr" Rank----- Country' "- (thousands) kilometers) Rank kilometer) 'Rank Population

1 * '' Tokyo/Yokohama Japan 25,434 "2,821 32 Mexico City Mexico 16,901 
9,018 59 21 ,

3 Sao Paulo 1,352 8 12,501Braz 4,911 54 21 
4 

1,168 12 12,765 50 11New York United States "14,598 3,300 1 4,424 . ' 6'65 Seou : Korea, Rep 13,665 886 21 15,427 416 OsakaKobe"Kyoto Japan 2213,562 1,282
8 7 'Buenos Aires Argentina 10,750 9 10.578 . 57 . 11Calcutta 1,386 7 9 " 60India 10,462 541 31 7,758. 359 Bombay 1 ,32 26 1India 10,137 246 50 41,19910 Riodeaneiro 4 1 

r Brazil 10,116;' 673 28 15,022 4211 "Moscow .USSR 79,873 982 17" '0,0 58 4.12 . Los Angeles United States :.9,638 . 2,87513 London United Kingdom 9,442 2,264 2 3.352 77 . 4
14 4 4.171 . 71 17'Paris France 8,633 1 11915 . C8,1o 14 7,716- 61, Egypt 8,595 269 47 31,909 , 1316 Manila Philippines 8,485 487 33 

18 
17 17,426 32 16'.Jakarta Indonesia 8,122 197 60 41,26218 Essen Germany, Fed Rep 7,604 1,823 3 5 
19 6 4,170 72 12. Tehran Iran " 7,354 . 290 46 25.352 1920 Delhi . India .16

6.993 357 41 19.565 2521 Shanghai China 1' 6,E98 20222 56 33,155 11 '"1Chicago Unied States 6,511 1,974 5. 3,29923 Karaci Pakistan 6,351 
79 3492 32 12,906 492 Bi24 Nigeria 6.054 145 68 

- 6nLagos 
 41,740 . 625 Being China 5,608 2
26 Taipei - Taiwan . 391 . 37 14,339 44 15,550 35727 Lima 40 15,528 39 30 :Peru 5,447 311 143 

'; x 
28 Hong Kong Hong Kong 17526 31 28' 5,415 5229 85 104.537 1 98Istanbul Turkey 5,389 427 '34 12,61030 Banokok Thailand ' 53 114.998 264 48 18,919 28 1031 Madras India 4,983
32 - Bogota Colombia . 4,711 

298 45 16730 34
205 53 ..23,024 22 1633 Santiago Chile 4,700 332 42 14,177 4534 Milan . 39Italy ' 4,635 ' 891 20 5,202 6636 Leaningradina 84.622 
-36 LnnrdUSSR '127 74 36,420 9 037 . Nagoya ' Japan .- ' 4,569 360 r 38 65.I' Madnchester United Kingdom 

.- 4,452 ' : 795 2538 12,6915,599 . 512 4 . 4,151 925 18 4,489 . 67 739 Madrid Spain .4,137 440 171' 62 24,201 21 11Shenyang China ,086 101 77 40.451 6 041 Philadelphia United Siates 4,025 1,22042 Pusan - Korea, Rep 3,996 140 
10 3,299 78 2 

43 Barcelona Spain 3,842 
70 28,571 15 10

225 52 17,051 . 3344 San Francisco . 10United States 3,790 1,109.45 Bangalore India 3,685 
15 3,419 75 . 2 

46 130 73 28,456Lahore Pakistan 3,603 148 
16 0 

47 Sydney 67 24,406 ' 20 4 "Australia 3,396 " 
48 Baghdad Iraq. 3,371 

875 22 3,879 73 22
"251 // 49 13,418 . 47 . 2149

50 
Dhaka Bangladesh 3.283. 83 81Athens Y' 39,611Greece A.-,3.252 '7. 3300 44 10.82A 56 3351 . Ho Chi Minh City Viet Nam . 3,250 .'52 Guangzhou China 80 82 40,478 5 53,248 - 54205 15,874 37 053 Detroit United States 3,133 1,212 11 2585'54 , Miami . United States 84 NA 

55 3,123 .1,160 13 2,691 "81 1' Belo Horizonte " Brazil F 3,059 205'56 Wuhan China 3,048 
55 14.950 '43 2
168 63 18,105 29
57 ' Ahmadabad ' India 3,037 0 

83 80 36,64358B Greater Berlin 'Germany. Fed Rep 3,033 '710 
''8 .027 4,274 NA' .69.'i. A German Dem Rep59 ." Hyderabad -tndia N3,022 228 51 13,259 • .60 Caracas Venezuela 2,993 48 0

140 71 21,400 23 1761 . Toronto ' Canada 2,972 39962 ' Surabaja Indonesia 2,962 
36 7,451 62 12 

63 aRome' Italy .' 
111 76 26,596' 18 22,944 179 . 61 16,47464 Naples Italy 2,862 ' 

1 35 5
E1 665 . Melbourne Australia 2,852 847 

. 17,823 30 5 ,
66 Montreal Canada 23 3,367 ' 76 "182,827 425 35 .6,65667 , Kinshasa ' Zaire 2,794 (3' 11
148 ' 66 18,92668 ' Guadalajara . Mexico 2,746 27 9
 

69 Alexandria . Egypt 
202 57 13,593 46 3
•2,660 91 78 2934470 Rangoon Burma 2,558 14 6
122 75 21.014 24 771 Singapore " Singapore 2,556 - ' 202 58 12.652 ' '52 10072 Porto Alegre Brazil . . 2,536 59873 Harbin China . 2,518 29 4,239 70 2. '78 83 32,407 1274 Casablanca Morocco 2,495 91 

0 
-
75 79 27,523 1.' Kiev .. USSR. 2,489 161 

16576 Dallas' . 15,500 40United Stales - 2,486 1,085 16 ' 2,291 8577 ., Boston 'Unted States 2470 . 785 26478 . Washington United States 2456 925 : 19 2,656 8279 Monterrey Mexico 12351 19980 Ankara ' Turkey 59 11,789 55 32338 142 9. 16413 36 581 Budapest . ' Hungary 2297 357 39 6427 6482 ' Cheng-tu. China 21
2,260 65 84 '34,903 10 0~,.3 

S
, Birmingham umedKingdom 2211 578 "';,Hucharst. - tates 30 3,828 74 4Bu5harest 2-4 803 24 2,621Romania 2,095 53 :''"135 72 " j15555 38 ,'9 "
 

Source: US Bureau oftheCensus. 
 ' .
0,- zero or less than halfof percent; NA= not applicablaFor additional information, see Sources and Technical. Notes ' ... = ' '' " 
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Table 17.4 Waste Generation in Selected Countries, 1980 
S-Average Annual Industrial Waste Generation 

M nicipa -- ste Generation - Perindustral Gross.-,. Hazardous and Special Wastes '-

Total - ' 'Per Unit Area Total , Domestic Product 8 ' Per Unit Area Total Per Unit Area 
(thousand Percapita (metric tons per (thousand (metric tons per (metric tons per-'" (thousand (metric tons permetric tons P square kilometer metric tons , million $US of square kilornoter metric tons . square kilometer 
per year) (kilograms) per year) per year) Industrial GDP) per y dr) per year) per year) 

Australia 10,000 681 1.3 20,000 ' 426 x;~XAustria 1,560 18.8 10 3.6 100206 300 1" " 1.2
Belgium 3,082 313 93.4 8,000 186 242.4 915 27.7Canada 12,600 526 14 61000 730 66 043,290
Denmark 204 399 487 814 X 19.4 63 1.5
 
Finland 1,200 290 3.9 X ' X X. 87. 0.3
France 15,500 289 284 38.205 1 163 70.0 2,000 3.7
Germany, Fed Rep 20,780 338 85.2 52,469 '' X 215.0 4,892 20.0

Greece 2,500 259 19.1 X 
 X X X X...
Ireland 640 188 . 6 4 1,200 12.0 X X r ' 

israel . X X X X X X 22.5 11Italy . 14,041 246 47.8 35,000 207 119.0 X X

Japan 40,225 344 108.4 161,6 7 379 435.8 768 2.1
Netherlands 5,400 382 158.8 4,*39 79 143.2 280 82
New Zealand 1,52 . 4M 57 493 67 
 1.9 X - X 
Norway ' "' 1,700 415 5.5 2,186 . 93 7.1 120 0.4
Portugal 1,500 152 16.3 11,200 1.110 X
121.7, X-
Spain .. 8,028 215, 16.1 X X X' , X X
Sweden .. .': 2,500 301 6.1 4,000 102 9.7 , 550 1.3


,,t2.erdand 2,146 337 53.7 
 X X ' X 382 9.6
 
United Kingdom 16,816 282 65.4 490 370.9
UnitedStates 160,000 703 17.5 1500 6.2 "9,749.000 455 43.8 264,00 28.9 

Sources: Organisatiorn for Economic Co-operation and Development; and naliona;1i urces.Note: a. The porticn of Gross Domestic Product contribuled by industry ' I"
For additional Information, see Sources and Technical Notes.
 
X = not available
 

Sources and Technical Notes 

Table 17.1 Urban and Rural pleted by public health officials, WHO experts, Other sources are considered unsafe.

Populations, 1960-90 and Resident Representatives of the United Urban areas with access to sanitation serv-
Nations Development Programme. The data ices are defined as urban populations served by
Source: U.N Population Division, World Popu- collected were used to develop a baseline of connections to public swers 'or household sys
lation Prospects: Estimates and Projections as information from which to asss progress tems such as pit privies,,pour-flush latrines, sep-

Assessedin 1982 (United Nations, New York, toward meeting global goals set for the Interna- tic tanks, communal toilets, etc. Rural popula
1985). . . -, tional Drinking Water Supply Iand Sanitation tions with access were defined as those with


Urban population is defined as the portion of Decade. One hundred and six developing coun- adequate disposal such as pit privies, pour-flush
 
the total population residing in urban areas. tries responded to one or both of the question- latrines, etc. ,
 
The remalnder of the population is defined as nares. These countries represent about 65 per- Application of these definitions is clearly
 
rural. Definitious of urban area vary'widely cent of the population of the developing world, * open to subjective judgment. Comparisons

from country to countryFor a list ofindividcl inIcluding China. The total Includes 38 African among countries may therefore be misleading
 
country definitons sree U.N. rpulation Divi- countries, covering 78 percent of the develop. because of varied interpretations of definitions 
sion, Estimates and Projections of Urban, ing country population (So '.hAfrica Isexcluded); as well as incomplete responses. 
Rural, and City Populations, 1950-2025: The 23 North and South Amei .an countries, cover
1982 Assessment (United Nations, New York, ing 97 percent of the dev .,.ping country popu- Table 17.3 World's 85 Largest
1985). For additional information on methods ' lation; 33 Asian countries, c'vering 59 percent Urban Agglomerations, 1985 
of data collection and estimation, refer to the of the developing country plipulation (including )k 
Technical Note for Table 161. China); and'12 Oceanan countries, Covering Bureau of ti WorldSource: U, Census, 

over 99 percent 'of the developing country Fp6ulationProfile 1985 (U.S. Bureau of theTable 17.2 Drinking Water and population. Developed countries routinely Census, Washington, D.C., in press, September 
Sanitation in Developing Coun- report comprehensive provision of drinking 1986)..".' 
tries al 90 water and ,sanitation'services. '' . agglomerations are defined as areas'Urban 

The definitions of urban and rural population with apopulation of at least 5,000 people per
Sources: Drinking water and sanitation: World were supplied by national governments Urban . square mile (1,930 people per square kilome-
Health Organization (WHO), The International and rural service levels were weighted by the . ter). All agglomerations that had populations of
Drinking Water Supply and Sanitation Decade: 1985 urban and rural populations fir the national 2million or more In 1985 are included. 
Review of NationalBaseline Data: December total service levels. Refer to the Technical Note The geographical area'of each agglomeration
1980 (WHO, Geneva,' 1984); and unpublished' for Tabble' 17.1 for details. ', *s' wa deterined by 'examining de 'tailed maps.~
WHO data'(WHO,.Geneva, September 1986). . WHO defines reasonable access'to safe drink- Population data were'drawn from 'official'esti-
Urban and ruralactons of total population: Ing water in an urbar. rea as water piped to a mates. An urbanized area having a population 

''housingU.N. Population Division," World Population unit or to a pu~blic standpipe withain density of at least 5,000 per square mile was 
Prospects Estimate and Projections as 200 meters of adwelling Inrutral areas, reason included in the population and area estimates 
Assessed in 1982 (United Nations, New York, ableaccessimpliesthat a family member need ofA nearby agglomeration if thetwo are sepa' 4, '" disroportiona' esatnne1985). (WH Gee l a U not spend a te part of the day rated by le(1 6 

Data were collected frmn national govern- fetching water.eSaV' dinking water includes kilometers). When possible, parks, alrports, 
ments by WHO in 1980 and1983 by means ofii~i '~lete ro nt~nl 'treated surface water andhfki~~ae.untreated water from industrial1:: complexes and bodies of water werehngW~e )sa'' i ll~surela

The questionnres were com excluded from the Irea measured for ea'questionn malres protected springs boreholes, and sanitary wells. c
8l2n5 
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18. Land Use and Cover
 
The extent and condition of several land-based rs.sorces 
(cropland and soils, forests aid] raingelands, wildlife and 
habitat) are examined in individual chapteis of 1or/! 
Resources 1987. This chapter preseits dati Ci patti'nils 
of land c(Over and lanld nse, and oil the Impacts of 
human land use on natural land cover. These indicators 
can be nsed toexanilne ciss-cUtting topics, sUCii aS t he 
relationship Ietween land use alld the global carbon 
cycle. 

Ideally, land use and cover data would he available in 
fine vegetational, geographic, and temporal detail. Regu-
lar monitoring of land cover and the pro cesses causing 
rapid lantd use cihaIges (eg., growth (if uraban areas, 
deforestation, desertification, crol)land expan~sion) would 
enable policyniakers to focus ()ithose areas where atten-
tion ismost needed. However, changes in tlhe ca tegories 
shown in lible 18.lI-cropland, pasture, forest and w()od-
land, ant! other land-indicate only gross changes ill 
national land use. For example, between tile inid-1960s 
and the early 1980s, the Philippines lost 29 percent of its 
forest and woodland area and cropland increased 22 per. 
cent. If mangroves, one type of "forest and woodlantd:' 
were the source of the entire 29 percent decline, local 
fisheries and shoreline stability Would stiffer. But if the 
source of new cropland were ulplaind forests, acc'le rated 
soil erosion and ieduced groundwater recharge would be 
likely. 

In tile future, Satellite reinilte sonsing may permit coi-
tiious global monitoring of land cove'r aind land use 
changes at sonie,,,hat finer levels of detail thn the four 
categories used by tile United Nalios Food aint! Agricul-
tre Organization (the source for 'lible 18.1). Remote 
sensing data with even higher resolution are currently 
available from aircraft and the I+ANI)SA' antd Spot Image 
satellites, but the vast quantities of information intherent 
in liigh-resolution imonitoring are difficllt and costly to 
process oii a global basis. 

Data oii oie Irid-cover d,, auetype. .;.'-tlaii presented 
ill lhble ] .2. "Wetlands" encoinpiass 'twide varie'y of 
ecosysteirs, such iscolastal marshes, iiangrov,_s, riverilnt' 
wetlands, swamps, aino peat bogs. Formerly considered 
wasteland, wetlands are now recognized for their biologi-
cal, hydrological ;'.:d economic valulie. Wetlands provide 
habitat aid breeding areas for imany kinds of wildlife, 
including birds, amphibians, aquatic mainilals, shellfish, 
and finfish. Coastal wetlands help stabilize shorelines 
against waves and storm erosion, and they buffer littoral 
ecosystems against salinity changes. Freshwater wetlands 
are important filters of industrial and agricultural poilu

tants (until overloaded), and tilt',ielp to moderate the 
flow of surface waters. ThI b)iolo)iical proIductivity of tro)
ical and warm teinllerate wetlaids is equaled only by 
that of tropical forests. 
The wetlands (ldatsniuiarized in laible 18.2 represent 

only a small fraction of dhe world's wetlands: globally, 
wetlands oCCuipy 5-1I0 million qtinart kilometers. Hiowever 
because the area aind coin(litiol o f %etlanids in many 
countrie.s have not been thllronghily iiivestigated, even 
the "internationally importanit" wetlands shown are 
ahinist certainly ideCi oiln ted.'\ few deveIlloped CIiltr e.; 
have estiiated their rates Of wetland destruction dii(Itile 
current conditioni tlIails. Foir lii(', ofit v 'Xill 56) lpet'ent 
the original U.S. wetlanld ;nea has bxii converted (mostly 
tI igricultural uses), and losses coitiine al 19)0,000() let'
tares per ear. )nly qualitativce assessilieits of wetlands 
Conditi(ns have beellmade fhr iost teveloing c(:i l
tries. Fo r further info rmatin. refer to Chapter 6,"Wildlife 
and I abitat' Fo'us ()it: Wetlands, and ChaFreshwater 
ter 9."()':dans and Coasts' 

I ita Oin IiMg-ter iand use and !ila (coi r changes 
are presented in lhible 18.3. This data base was devel-
I iped to i;tipport studies of the impact of land use 
chalges ()Ii tile glbIal ca iAon cycle. (See Chapter 25, 
"Atllisphere and Climate," '"ilh' 25.2.) Globally, the 
world's forest and woIdland areas have been reduced 15 
percent since 1851, and cropland has expanded over 171 
)ercet. ()ia regional level, croiplad has expanded iin 
all ten regions defined by the study and forests hiive 
declined in nine of tile teii. Liripea Iand use has 
chaniged little but the tropical regions havesince 185), 
seen croiland expansion (Ifseveral Iunditred percent. 
The data and model si)Iportinp this table rely (ii 

several assuml)tions and simplifications, reducing the use
ftfliess of th data for analyzing long-teri land use 
chanlges. In ainaV instances, oiily a few historical assess
nients of land use are available inthe literature, and the 
ailthors had tI interpoilate iiICii (If tile data. For develop
ing regios, tlpl;iid expansi(on is assinied to be directly 
proportional to piopualion growth, ignoring tile impact of 
rising iicmllies oill ('Iop demand and cropland expailsion 
caused by increasing international demand for agrictltural 
coii1odities. Many forms Of land use change, such as 
urban growth alt tesertification, were not Included in 
the model. For ties, reasonIls, the daltai in 'lable 18.3 
should be coisitdered indicative (if broad trends rather 
than exact neasurements of the status of land use at a 
particular time. 
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Table 18.1 Land Area and'Use, 1964-87 ... 

,* - : Land Area / " . Land Use (thousand hectares) 
...-. Per Capta. ' .... Cropland PermnentPasture . Forests and-Woodland. -- -Other Land---

197Percentage Percentage .PercentageTotal (people per Change Change : Change 
Percentage

. Change

(thousand thousand Over Overectares) hectares) 1982-84 1964-66 1982-84 . . Over Over1964-66 1982-84 1982-841964-66 1964-66

WORLD .. 13,081,014 382 1,472,401 8.9.. . 3,153,352 ...-0.3 4,091,350 -2.6 4,33,925 
AFRICA . 2,966,447 199 . 183,214 . 13.5 779,134 . -0.8 703,251 -7.6 .;1,300,850 3.3 

: Algeria 238,174 97 7,393 9.1 31,916 -14.6 37.0 1.94,384 194,480Angola 124.670 74
Benin 

3,500 56 29,000 0.0 53,490 -2.9 38,680 3.811,062 389 1,809 25.7 442 0.0 3,820 -224 4,991 171Botswana 58,537 20 1,360 324 44,000 5.3 962 04 12,214 -18.7 • 

Burundi 2,565 1,949 1,307 323 910 447 63 . 31 3 286 -68.2CaCape Verden 46,944 222 40 21.2 8,300 -6.4403 846 6,958 ( 25 00 25,3101 - 0O0 6,376 0072 337 261 
Chad 125,920 10.7 35,870Central African Rep 62,298 4243 3,1501,971 8.6 43,0005,000O 0.00.0 13,290 -108-05 21,45764,480 -0,11,2 
Comoros 217 2,175 93 9.4 0.0Congo 34,150 54 8.0 

15 35 00 74 -9.8674 10,000 J0 21,300 - 1.8 2,176 18.5Cote dlvoire 31.800 331 3,993 496 3.000 0.0 -56.3 1367Djibouti / 2,198 177 
8,380 16,4270 0.0 200 0.0 6 -143 1,992 0.1 

'Ek___ 99,545 494 2,471EquatoralGiea 2,805 146 ' 230 
-6.9 0 0.0 2 0.0 97,072 0.23.6 104 0.0 1295176Ethiopia 110,100 -0.7418 13930 12.0 45,250 -20 27.600Gabon -61 23,120 5.525,767 46 452 120.5Gambia . -, 1,000 670 

4,700 -6.9 20,000 0.0 615 201162 29,6 90 0.0 198  34.9Ghana _ 550 14.323,002 631 2,787 6.1 3.440 -50 8.560 -12.8 8,215 18.5Guinea 24,586 259 1,575 0. 3.000 0.0 10,360 -132 9,651 19.5Guinea.Bissau 2,800 330 288 9/0, 1,280 0.0 1,070Kenya 56,925 393 2,318 ?.'.16 3,753 -3.6 3,770 
-2.7 162 3.2

Lesotho 3,035 527 -12.5 47,083 0,5298.-. 6.5 2,000 -9.9 0Liberia 9.632 243 -0.3 
0.0 737 60937 t 240 00 3,760 -2,6 5,261 2.0

Libya 175,954 22 2,104 5.4 13,267Madagascar 58,154 182 34,1 
32.7 632 26.1 159,952 -.2.1 

Malawi 3.010 34,000 0 0 15,380 -14.4 5,764 4669.408 788 2,341 17.8 1,840 0.0 4,742 -6.7 486 -3.0Mali 122,000 70 2Z053 21.6Mauritania 30.000 00 8,680 .- 7,7 81,267 0.4A103.040 19 195 -28,6 39,250 0.0 15,000 -0.9 48,595 04Mauritius 185 5,876 107 15.1 7 58 130.0 -4.9 -458Morocco 44,630 516 15.0 0.0q.307 12,500Mozambique 78.409 188 3,086 14.6 
5,200 -04 18,623 -5.444,000 0.0 15,330 -11.7 15,999 11,4Niger 126,670 51 3,727 64.9 9,220 -12.0 2,720Nigeria 91,077 1,120 30,635 

-28.4 111,003 0.8
4,9 20.940 8.5 15,500 -25.8 24,002 10.7Rwanda . 2,495 2,600 1,010 54.2 -488 -96Senegal 19,200 354 16.1 

440 511 514 28.75,225 5,700Sierra Leone 7,162 522 1,771 
0.0 5,942 -12.0 2,333 3 723.4 2,204 00 2,097 -20Somalia 62,734 78 8.7 0.0 

1,090 -21.21,066 28,850 9,000 -9.1 3.5South Atrica 122,104 279 13,623 44 
23,818

79,850 -55 4,150 0.4 24,481 20,1Sudan 237,600 96 12,448
Swaziland 11.1 56,000 0,0 48,010 -17.0. 121142! 761,720 402 -0.7 -14.5142 1,147Tanzania, United Rep 88,604 273 5.190 36.7 

101 -21.7'-. .....o30 211.3
35,000 0.0 -4.7Togo 42,903 i'-5,511 15.35,439 578 1,427 27,1 200 0,0 1,550Tunisia 15,536 476 4.684 81 

-36.7 2,262 35.8
3.057 22.3 27.8 -12.4556 7,239

Uganda 19,971 830 6,213 27.4 5,000 0.0 5,910 -6.6 2,848 -24.3Zaira 226,760 140 6.458 13.9 9,221' 0.0 176,620 -32 34,461Zambia• 74,072 17,096 5,158 6.1 35,000 0.0 29,590Zimbabwe 38,667 244 2,715 28.2 
-54 4,324 . 48.0

4,856 0.0 23,810 0.0 7,286 -76NORTH & CENTRAL AMERICA 2,139,185 . 193 274,122 7.8 . 359,590 -3.1 660,364 ,-5.8 845,110 1.6,
Barbados 43 5,953 33 0.0 4 0.0 0 .0.0 0.0Cinada 922,097 28 46,347 11.5 

6 
Costa Rica 5,066 

23,900 16.3 326,129 1.2 525,721 -5,8539 636 31.1 2,167 102.0 1,599 -45.6 665Cuba 11,086 921 3.222 74.5 
17.1

2,490 -97 26.1 -30.5Dominican Rep 4,838 1,350 1,930 3,4441,460 39.0 2,092 00 629 -5.4 657 -36.3El Salvador 2.072 2,850 10.2Guatemala 10,843 . 

725 610 0.3 122 -38.1 615 - 11778 1,805
Haiti 2,756 

16.9 1,334 5.9 4,310 -17.9 3,394 21,72,517 900 23.3 502 -17.4 55Honduras 11,189 416 1,772 17.6 
-24,7 1,299 -3.4 . I 

Jamaica 3,400 0.0 3,810 -28.0 2,207 122.51.083 2,224 268 -6.6 202 -192 192 -8.6 421 9.6
Nexico 192,304 431 24,692 5.2 74,499 0.0 46,237 -18,1 46876 23.8Nicaoagua 11,875 295 1,263 6.0 232 -32.95,051 4,150 .Panama 7,599 299 0.7 12.7 

1.411 257,2562 1,161 4.080 -11.7. 1.796 !29.1Trinidad and Tobago 513 2,386 159 14.4 11 57.1 227 -7.3 1116 1-'4,9United States 916,660 264 189,915 6.2 241,467 -64 265,188 -9.7 220,090 .20. 
SOUTH AMERICA ' 1,753,454: 159;. 138,878 34.6 456,431 ' 9.2 . . 928,787 -6.9 Y' 231,358 '.K -2.41
Argentina 273.669 . 115 . 35,700 219 142,900 -21 '59883 '-1.7 35186 60Bolivia 108.439 62 3.378 106,0 : 

.
26,950 -4.1 56,010 -5.8 22,101 .14.8Brazil 845,651 1672 74,873 45.7Chile .164,000 27.9 567,710 -5.5 39.068 .-40.374,880 166 . 5,528 24.9 . . 11,900Colombia .. 103.870 288 5,688 

17.2 15,480 -0.1 41.972 -63"
i 12.6 '30,000 0.0 50.750 -21.9 17.432. 352.8',.Ecuador 27,684 358 2,491 -14 4,573 107,9 14.250 -175 11.9Guyana 19.685 50 . 495 367 

6,369 
Paraguay 39,730 98 

1227 228 16,369 -100 1,594 122831,940 ., 1148 11.1 -4.215.550 20,450 1,790 -485Peru 128,000 162 .' 3,516 32,8 27,120. Sunname 16,147 24 58 
-1.3 70,150 -6.0 27214 172\.,. 52.6 23 187.5 15,599 -02 467 02 

-Uruguay 
 ' 17,362 176., , ,,:1,447 2,9 _13,632Venezuela!.'• ".i 88,205 207. 
-06 630 5.5 1,653 05 , 3,2077. -3. .1/30,893.05 11,64,9 
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Table 18.1, 
Land Area Land Uae (thousand hectarea) ~ '.' 

rForeata 
.98.. . 7'' Percentage Percentage 

" a Cropland Permanent Pasture __.." and.Woodland.,.----OtherLand.... 

Percentage Percentage 

1Over 19v2-8 Oer8 Over6 :ectares) -hectares) 1982-84 1964-66 1982-84 1966 1982-84 11964-66 91982-84 196 
ASIA "2,679,071 .1,087 ~' 455,220 . '4.1> 644,349 -3.0 4. 558,440 &,0.9. .1,021,065 -031 
Afghanistan 64,750 280 8,054 2.1 30,000 .00 1,900. -5.0 24,796 -0,3
Bahlain 	 133 62 7,532 2 00 . 4 0. 0 0.0 56 00Banglades 13,391 9,124 	 0.0 2131 1,5367,964 	 1 21.4 -42 .9
Bhutan 	 4,700 314 98 42.0 217 48 3.280 . 5.8 1,105 -16.5Burma 	 65,774 587 10,072 -2.2 361 2.3 32,145 -0.1 23,196 -0.1 
China 	 932,641 1,163 100.892 -34 285,690 0.0 131318 21.7 414,740 -46
Cyprus 	 924 740 
 432 0.0 93 0.0 171 0.0 228 0.0India 	 297,319 2,.645 168,333 3,6 11,950 -19'1 67,420 10.9 49,616 -16.3 
Indonesia 
 181,157 952 .20,253 16.5 11,900 -48 121,800 -1.5 27,204 -1.0Iran 163,600 1189 14.840 -4.0 44,000 0.0 18.020 01 86,740 0.7 
Iraq 	 43.397 392 5,450 11.2 4,000 0.0 1,907 -22 32.040 -1,5Israel 	 2,033 2.,164 437 7.4 818 -05 116 17,2 662 ,, -6.1Japan 	 37,103 3,290 4,805 -18.1 606 326.8 25.198 -1.2 6,494 162Jordan 	 9,718 391 415 18.9 100 0.0 41 36,7 9.162 -084> Kampuchea, Der 	 17.652 436 3,046 5.0 580 0.0 13,372 0.0 654 -183 
Korea, Dem People's Rep 12,041 1,776 2,291 18.6 50 00 8,970 0,0 730 -330Korea, Rep 	 9,819 4,346 2.171 -3.1 69 228.6 6,535 -1.4 1,043 12,3Kuwait 1,782 1.112 2 100.0 134 0,0 2 0.0 1,644 -0,1Lao People's Dem Rep 23,080 187 890 68 800 0.0 13,400 -11.8 7,990 27.9
Lebanon 	 1,023 2.700 298 2.4 10 11.1 83 -12.6 635 1.1 
Malaysia 32,855 49, 4,342 17,4 27 12,5 20,540 -17.4 7,946Mongolia 156,500 .3 1,300 	 86.1

559 123,403 -11.7 15,178 1,2 16,619 1756,9Nepal 	 13,680 1,261 2.317 26.5 1,786 51 2,308 -3.8 7,269 -62Oman 	 21,246 63 42 61,5 1.000 0.0 0 0.0 20,204 -0,1Pakistan /77,872 	 1,351 20280 5.4 5,000 0.0 3,050 48.9 49,542 -4.0
Phiippln.s 	 29,817 1,914 11,250 22.1 1,120 369 12,050 -289 5,397 89.5Qatar ./ 	 1,100 323 3 200.0 50 0.0 0 0.0 1,047 -02Saudi Arabia 	 214,969 58 1,142 48.9 85,000 0,0 1,200 -28.6 127,627 0.1

ii Singapore 	 57 45,895 -538 00 -25.06 	 0 3 48 20.0Sri Lanka 	 6,474 2,583 2,187 16.6 439 568 2.383 -28.3 1,465 15,0 
Synan Arab Rep 18,405 614 5,687 -12,0 8,338 69 496 4.6 q,884 4.4Thailand 	 51,177 1,039 19,380 53.7 308 0.0 15,493 -405 15,997 31.0Turkey 	 77.076 667 27,040 3.2 9,200 -17.5 20199 0,1 20,637 5.6United Arab Emirates 8,360 172 15 66.7 200 00 	 NM3 6,142 -0.1Viet Nam 	 _ 32,536 1,911 6,692 11.8 272 0.0 1f.SO -6.4 12,422 1.6 

: 	 Yemen 19,500 372 1,351 55 7,000 0.0 1,600 00 9,549 0.7
Yemen, Dem 33,297 . 68 167 36.9 9,065 0.0 
.

1,570 -10.3 22,495 0.6 
EUROPE 472,735 1,046 140,495 10.5 ,85,558. -4.3 . 155,082. 7.0 . 91,611 ''<i 3.2 
Albania 2,740 1,161 711 36.5 402 -438 1,032 -17,6 596 135.6
Austria 	 8,273 907 1,558 -9.0 2,004 - 11.1 3.241 1.8 1,470 31.3Belgium 	 3,282 3,024 828 -17.2 672 -16.0 702 2.2 1,080 35.7
Bulgaria 	 11,055 827 4,142 -93 2,035 665 3,861 69 . 1,017 -385Czechoslovakia 	 12,547 1,249 5169 -. 1.8 1,665 -63 4,582 3.1 1,132 4.9 
Denmark 4,237 1,209 2,627 -3.3 236 -27.6 493 9.8 881 18.3Finland 	 30,547 161 2,350 -7.0 141 17.5 23,321 6.7 4,735 -21.8
France 54,563 1,007 18.752 -87 12,514.. -70 14,599 18.2 . 8,698 5.5German Dem Rep 	 10,604 1,585 4.998 -02 1,252 -12.9 2,962 0.4 1,384. 132Germany, Fed Rp _ 24,428 2,482 7.449 -2.5 4,637 -14.5 7.328 " 0.7 5,013 22.4 
Greece 13,080 761 3,966 30 5,255 3.7 2,620 0.6 1,239 -20.3
Hungary 	 9,234 1,156 5,295 -62 1.269 -3.1 1,636 15.0 1.034 20.4Iceland 	 10,025 25 8 33.3 2.274 -02 120 , 0.0 7,623 0.0Ireland 	 6.889 537 972 	 -22.4 4,858 10.4 335 67.5 724 -30,2Italy 	 29,402 1,951 12,303 -19.6 5,014 -21 6.389 4.9 5,695 97.7 
Luxembourg X X X X X X X X X XMalta 	 32 12,125 13 -71 X X X X . 19i 5.6Netherlands 	 3,394 4,305 868 1.142 297 2.4 r-100 -116 r 1,087 , 35.9 . 
Norway 	 30,786 135 850 0.1 96 -41.1 8,330 16,3 21,511 -4.8
Poland 	 30,452 1.240 14.807 -6.1 4,075 -3.9 8,712 8.2 2,857 18.6
Portugal 	 9.164 1.128 3,548 -149 530 0.0 3,641 10.3 1,445 24,1
Romania 	 23,034 1,013 10,551 06 4,428 30 6,337 -07 1,718 7.9Spain 	 49,941 781 20,502 X 10,672 -11,8 15607 16.2 3,151 -21,4 
Sweden 	 41,162 203 3,004 -5.5 665 -28 26,424 0.4 .11,069 09
Switzerland 	 3,977 1,605 412 2,2 1,609 -9.4 1,052 7.2 904 84
United Kingdom 	 24.160 .2,325 6.993 28.3 11,703 -3,8 2,180 20,7 3,283 193Yugoslavia 	 25,540 919 7,803 -60 6,378 -1.0 9,269... 5.7 2,089 '.4 

~ .2227,2004u-18USSR'v ,, 2 < 232,1290 _i 1.34 0.1 ~. 928,000 ~. 8".3 693,776 -9.,373,133'~i 

OCEANIA .<..4;rv. 842,919i~ 30' 4818 2.> 455,157 -1.2 Vv159,427/'- 15.4' 1>80,1544V 16.5k 
Australia '. 761,793 , 21 .' 46,547 ' 24.1 440,497 -1.5 106,000 -23.0 168,750 21.2Fill ' 	 , 1,827 391 . .237 15.0 60 , -14.3 ' 1,185 0,4 345 -7.0New Zealand 	 26,867 .126 . 1 469 -3.7 14,113 9,7 10,300 40.4 1,985 -67.9 
SPa New Guinea 45,171 82 .4 '373 .20.3' 100 429 38,330 -09 6,368 4,4Soomon Islands, 	 2,754 .106 . ,, 53 6.0 . 39 0.0 2,560 0.0 102 -2.9 
Sources: UN Food and Agriculture rganzation; and U.N. Population Division.
0 - zero or less than fve one hunredt 1 percent; X - not available; NM not meaningful

For additional information, see Sources and Technical Notes.' 
 . 
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Table 18.2 Selected Internationally Important Wetlands, 1980S.
 
Other Wetlands 

WtandSts of Riverine Wetlands Coastal Wetlands Sites withMeasured Area Total River 	 Total Coastal Unreported Area
Number Total Area Number I.-th, Number Length Number 
of Sites (hectares) of Sites (kllom;,,ers) of Sites (kilometers) of Sites2. NEOTROFICAL REALM' -7~~~ ' 	 ~ 

Anguilla 	 10 326'Antigua and Barbuda 	 06 4,901  1 	 0Argentina 	 57 5,797,930Beamas 	 1 100 1 160 121 428,606 -  - -	 0Barbados 	 3 '52 -  -	 0Belize 	 15 58,707 
. 

4 160 -  0Bermuda 1O 78 - - _ -Bolivia 18 1,017,920 7 2,320 	 0 
- -	 6Brazil 38 59,789,773 1 170 - -British Virgin Islands 4 614 -  - -	 7

Cayman Islands 	 15 7,310 . ...- --Chile 	 49 9,188,713 - - 1 
0 
000Colombia 36 1.928,389 .	 1001 	 " -	 3Cota Rica 	 12 82,055 - ---Cuba 	 017 1,746,500 .... -	 0

Domin-ca 3 93 -	 - -Dominican Rep 	 14 40,121 - -- 11 
Ecuador 	 12 722,' 1 1 250 - 

76	 1
ElSalvador 8 j,.V0 - -	 9-
Falkland Islands 94 	 - - - 0 
French Antilles 	 14 11,300 .... 0French Guiana 4 337,700 .... 0Grenada 7 476 ..... 0Guatemala 	 24 2200187 -0 
Guyana 	 x X X X xHaiti 11 112,900 -0Honduras 	 6 649.000 -  - -	 0Jamaica 	 14 13,775 -Mexico 40 3,377900 - - - - 0 . 
Montserrat 2 20 .... 0Netherlands Antilles 11 5.329 .. 	 ' -	 0Nicaragua 17 2,111,349 .... 0
Panamay 	 21 646,012  -
Peru 	 4A5 5723,528 2 1,415 -

- 0 
43 1.318,697 2 ,240 1 16 	 02Puerto Rico 14 12,995 - -1Saint Kils-Nevis 	 4 352 _ -  , -	 0Saint Lucia 3 314 -  0Saint Vincent 	 3 1,003  0Suriname 14 1,625,000 . -

l 
0

Trinidad and Tobago 9 21,280 -.. 0Turks and Calcos Islands 111 64,669 .-	  0U. &.'Virgin Islands 15 979 ...-
Uruguay 	 12 773,500 - -

- 0 
29 14.447.155 1 250 

--Venezuela 	 0 
- -	 0 

•0,1dr smirce 198 
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Table. 18'.2
 
Other Wetlands 

WESTERN PALEARICTIC REALM 

Wtadie of0oiverine 
Measured Area 

Number Total Aresof Sites (hectares) 

--

Number
of Sites 

-----------
Wetlands 

Length
(kilometers) 

*. 

---------------
Coastal Wetlands 

Number -angth
of Sites (kilometers) 

* 

Aditional 
Sites with 

Unreported Area 
Numb.
of Sites 

K 

Aghanistan
Abania 
Algeria
Austra 
B~gium 
Bulgaria
Cyprus
Czechoslovakia 
Denmark 
Egypt 
Finland 
France 
German Dem Rep
Germany, Fed Rep 
Greece 
Hungary 
Iceland 
Iran 
Iraq 
Ireland 
Israel 
Italy 
Jordan 
Lebanon 
Lib y a 
Liechtenstein 
Luxembourg 
Malta 
Morocco 
Netherlands 
Norway
Pakistan 
Poland 
PortugaJ 
Romania 
Spain
Sweden 
Switzerland 
Syrian Arab Rep
Tunisia 
Turkey
USSR 
Unted Kingdom
Yugoslavia 

2 40,000
5 32,990
7 630,637

17 29,427 
6 9,642 
5 14,500
3 10,101

265 69,466
39 591,730

6 808,500 
45 301,310 
25 1,321,215 
25 ', 353,127

34920525 
10 86,580 
14 98,698 
28 442,550
33 1,416,810 
18 1,992,500 
28 115,104 
6 169.762 

32 194,551 
1 10,0002 1,515 
x x 
x X 
X X 
1 112 

1022,985 
22 394,019 
39 - 151,298
16 37,158 
15 193,507
8 84,743

11 482,527 
"h1" 445,000

84 1.727,623 
24 175,402

1 37,500 
15 868.303 
30 1,238,150
12 2,837,200
87 449,184i10,81.14--0 

. 

-
-
-
-
---

-0 

---

---
..... 

-
1 

-
-
-
-

-
-
-
-
1 

-
-

.... 

1 
1 
.-. 
115 

-

-
-
.0 

-
..... 

1 
-
1 

.. 

---

---

----. 

-

-
-
-
-

-
4.5 

-
-
-

-

-
-
-
-
8 

-
-

30 
30 

-

-

-

-
500 

-
500 

-

-

-
-
-
-

-

1 
-

-

1 

-
-, 

-
-

--

1 
11.5 

-

-

-

-
-

-

-
-
-
-

10 
-
-

-
650 

-

-

-
-

55 

" 

-

-

-
-
-0 
-

. 

0 
0 
0 
2 
3 
1 

0 
0
0 
0 
1 
0
5 
3 
2 
0 
0 
1 
0 
0 
1 
0 

1 
I 
2 
2 
4 

23 
11 

1 
3-
3 
0 
0-
0 

4 
0 

-

-

Sources: International Union for Conservation of Ntira and Natural Resources; and International Waierfowl Research Bureau.0 - zero; X - not available - - not reponed,
For additional infomation, see Sources and Technical Notes. 
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t,and Use, and-:Cove~r - ' 

Table 18.3 Land Use, 1850-1980 .Pr~lg~, 

-Area (irrillion hectares)- Change__.
 
TE REGIONS 150 1860 1870 160 1890 1900 1910 r90 1930 1940 1950 1960 1970 1980 1980
 

ForeF.' and Woodlands'. 5,919 5,898 5,869 5,833 5,793. 5,749 5,696 5,634 5,553 5,455 5,345 5.219 5,103 5,007 -15
Grassiand and Pasture 6,350 6,340 6,329 6,315 6,301 6,284 6,260 6,255 6,266
6,269 6,293 6,310 6,308 6,299 -1Croip.9n's 538 .569 608 659 712 773 842 913 999 1,085 1,169 1.278 1,396 1.501 179' 
fTropnicafr.


Foress and Woodlands 1,336 1,333 1,329 1.323 1,315 1,306 1,293 1,275 1,251 1,222 1.188 1,146 1.106 1,074 -20Grassland and Pasture 1,061 1,062 1,064 1,067 1,070 1,075 1 081 1,091 1,101 1,114 1,130 1,147 1,157 1,158 9,Croplands '.. '-' 57 58 61 68 .64 73 80 88 101 118 136 161 190 222 288 
North Africa and Middle East 


Forests andWoodlands - 34 
 34 33 32 31 30 28 27 24 21 18 17 '15 14 -60Grassland and Pasture 1,119 1,119 1,118 1,117 1,116 1,1131,115 1,112 1,108 1,103 1,097 1,085 1,073 1.060 -5Croplands 27 28 30 32 35 37 40 43 49 57 66 
 79 93 107 294 
North America 

Forests and Woodlands 971 968 9C5 962 959 954 949 Q44 941 940 939 939 941 942 3
Grassland and Pasture 571 559 547 535 522 504 486 468 454 450 446 446 447 447 -22 
.

1Croplands 50 65 80 
 95 110 133 156 179 196 201 206 205 204 203 309
 
Latin AmericaForests and Woodlands 1,420 1,417 1,414 1,408 1.401 1,394 1,383 1,369 1,348 1,316 . 1,273 1,225 1.186 1,151 -19Grassland and! Pasture 621 623 625 627 630 634 638 646 655 673 700 730 751 767 23Croplands 18 19 21 24 28 33 39 45 57 72 87 104 123 142 677 

Forests -,
and Woodlands 
 96 93 91 89 86 84 82 79 76 73 
 69 " 64 59 58 -39Grassland and Pisture 790 799 798 798 797 797 797 796 796 794 793 789 784 778 -3
Croplands 75 78 81 84 186 89 91 95 98 103 108 117 127 134 79
 
South Asia
 
Forests
and Woodlands 317 C15 311 307 303 2(9 294 289 
 279 265 251 235 210 180 -43
Grassland and Pasture 189 
 189 189 189 189 '" 189 190 190 190190 190 190 189 187 -1
Croplands 71 77 85 89
73 81 8, 93 98 1c 122 136 153 178 210 196


Southeast Asia -'--'-
 _ _ _ ,Forcats and Woodlands 252 252 251 251 250 249 248 247 246 244 242 240 238 235 -7Grassland snd Pasture 123 123 122 121 119 118 116 114 111 108 105 102 97 92 -25
Croplands 7 '8
7 10 
 12 15 18 21 25 30 35 40 47 55 670
 
Europe


Forests and Woodlands 160 158 157 157 156 156 155 155 155Glassland and Piqure 150 147 145 144 143 142 141 139 138 
154 154 156 161 167 4
137 136 136 137 138 -8
Croplands 132 136 
 140 142 143 145 146 147 149 150 152 151 145 137 4
6}{/SSR " " f ' -.-----

Forests and Woodlands 1,067 1,060 1,052 1,040 1,027 1,014 1,001 987 973 961 952 945 940 941 -12
Grasstane'-'d Pasture 1,078 1,081 1,083 1.081' 1,079 1,078 1,076 1,074 1.072 1,070 1,070
Croplaa / 94 98 103 118 . 132 162 178 194 216 
1.069 1,065 ,1,065 -1147 208 225 '233 233 147 

Paciic Developed Countries
Forests and Woodlands 267 267 266 265 264 263 262 261 
 260 259 258 252 247 246 -8Grassland and Pasture 638 638 638 637 635 634 632 630 629 627 625 611 609 608 -5Croplands . 6 6 7 9 12 14 17 19 22 24 28 42 56 58 841_ 

Source: Ecologcal Monographs.

For additional information. see Sources and Technical Notes
 

Sources and Technical' Notes 

Table 18.1 Land Area and Use, world total. The population density and land Ihble 18.2 Selected Internationally

1964-87 distribution figures for the world refer to the ImportantWetlands, 1980s
 

six Inhabited continents. . rt Wetlands, 198 "s
 
Sources: Land area and use: United Nations 
 Cropland includes iand under temporary Sources: Derek A.Scott and Montserrat Car- 'Food and Agriculture Organization (FAO), FAO and permanent crops, temporary meadows, bonellA Directory ofNeotropical WetlandsProduction Yearbook 1985 (FAQ, Rome, 1986); land used for market and kitchen gardens, . (International Union for Conservation ofand unpublished FAQ data (FAQ, Rome, Sep- and temporarily fallow land. Permanent Nature and Natural Resources [IUCN), Camtember 1986). .Population data: U.N. Population cropland is land under crops that do not need . bridge, United Kingdom, and International
Division,'1World FPopulationProspects: Esti- to be replanted after each harvest: cocoa, cof- ' Waterfowl Research Bureau [IWRBj, Slim
mates and Projections as Assessed in 1984 fee, rubber, fruit trees, vines, etc. (It excludes 'bridge, United Kingdom,, 1986); and Eric Carp,(United Nations, New York, 1986). ,. .land used to' grow trees for wood or timber.) . Directory of Wetlands of InternationalImporData for land area andland use are ' . Permanent pasture is land used five or ltance in the Western Palearctic(IUCN, Glandprovided to FAQ by national governments in more years for forage, Including natural crops Switzeri nd United Nations Environment 
response to annual FAQ questionnaires. FAQ and cultivated'crops. Grassland not used for Prog ie, Nairobi, Kenya 1,.980)also compiles data from national agricultural . forage is included under "other land" .Thk \term . subsumes a variety oftwetiand"censuses; for further details of these censuses, ' Forests and woodland Includes land under more \ecifically defined ecosystems. Therefer to the Technical Note for Table 19.2 in natural or planted stands of trees as well as 'source use the. definitlon of wetland con-Chapter 19; "Food and Agriculture"' When ' l'o.gged over areas that will be reforested In t.ained'In the Con 

entlon on' Wetlands of
official information is lacking, FAQ prepares its the near future. ' nternatnal Importance Especially as Water own estimatesor 'relies on unofficial data, . Other land includes uncultivated land, grass- fowl Habitat (Raisar, Iran," 1971): "areas ofLand area data are for 1984; they exclude land not used for pasture, built-on 'areas, ' marsh, fen, peatland or water, whether,
major inland water bodies, national claims to wasteland, roads, etc, or artificial, permhanent or temporary,'naturalthe continental shelf, and Exclusive Economic Several countries use definitions of total with water thetis static or flowing, fresh,Zones. (See Chapter 24, 'Oceans and Coasts,:' area and land use that differ from those 'used brackish or salt, ncluding areas of marinei 
Table 24.1.) Antarctica is excluded from 'the ' above. Refer to the sources for dc!all. water' the depth of which at low tide does 

V00' m 'esc :-7 I .-. 
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not exceed six mecters' Coral reefs are gener-ally excluded. (For details concerning the 
RamsarConvention, refer to Chapter 21, 
. Wildlife and Habitat:' Thble.21.1; Chapter 26, 
"Policies and Institutions' Table 26.1, and the 

B NotDitreceoresrateto-these tables), 
Both Directore categorize wetlands using

the following framework: . . 
U CoastalEcosystems: shallow sea bays and 
straits;' estuaries and deltas; small offshore *. 

islands and islets; rocky sea coasts, sea cliffs, 
and sea beaches; intertidal mud- and sand-
flats; coastal brackish ar, 'saline lagoons and 
marshes; and mangrove swamps and forests,
U River Valleys: slow-flowing rivers and 
streams, fast-flowing rivers and streams, river-
ne lakes (including oxbows),and marshes, 

freshwater lakes and associated marshes, 
freshwater ponds and associated marshes and 
swamps, flood plains, and interior or dry 
deltas. ' .. 
0 Other Areas: salt lakes, reservoirs, and 
dams; se-asonally flooded grassland and '> 
savanna; vIce paddies, flooded arable land, 
and irrigated land; swamp forest and ten-
porarily flooded forest; fens and mires; artifi, 
cial:ponds; and peat bogs, wet montane 
meadows, and snow-melt bogs. . 

The criteria used to select sites for inclusion 
in the two Directories differ, For the N-otropi-
cal Directory,sites met the criteria (f','.vloped
by an expert group convened by IUCD',and 
IWRB) used to evaluate nationally nominated 
sites for inclusion in the global system of Wet-
lands of International Importance. To be con-
sidered a Wetland of International Importance, 
Iasite must: 
1. support a significant po,, latlon of water-

fowl, threatened species, or pec'iliar fauna 
or flora; or . ' 

2. be a regionally representative example of a 
type of wetland or an exemplar of a bio-
logical or hydrogeomorphic process; or 

3. afford outstanding opportunities for 

research, education, or recreation; and, 


4. be physically and administratively capable 
of benefiting from protection and manage- 
ment measures. . ' ' 

In practice, the use of 'these criteria in 
selecting sites to be included in the Neotropi-
cal Director was often impossible because 
information was lacking. As a iesult, many 
wetlands were included in the'Directorybased 
on the informed judgment of experts; the 
Directory notes these sites 'as deserving fur-
ther study. '. . - ' 

Most of the dzt, for the NeoL-)pical Direc-
tory were gatherd. frim national sources. A 
national coordinator assembled data from 
specialists and organizations within each ' 

country and attempted to make the country-• 
report as comprehensive as possible. It was 
impossible to. establish a national coordinator 

(for several countries, and the Directory com-
plers used information submitted directly ., 
from national sources In a'few small Carib-
beancountries, no local contacts could be 
established and the compilers relied on 
expatriae experts and on recent literature. 

Reports were collected'for all 45 countries 
In the Neotropical Realm, Comprehensiveness
vanies among the cou4 ntries; ingeneral the 
smaller countries were able to provide the 
most complete inventories of wetlands. Data 
for the large countries of South America are, 

Use "andCover 

considered preliminary; most of the lar'gest land use data collected by the United Nationssites are known but unexplored; many smaller Food and Agriculture Organization (FAo).
sites have yet to be identified and studied Eleven :ategories of natural land cover 

Mexico extends beyond the Neotropical were assumed to exist: .seven Itypes of forest 
Realm. Only the sites located within the and woodland (tropical moist forest, boreal 

woodland and shrubland,' 
The Western Palearctic Directory lists sites etc.) and four types of grassland (temperate

included in, or eligible for, three wetlands nei- grassland, tropical grassland, tundra, and des
works. Project MAR, an initiative of IUCN in ert scrub). The forest data in the table refer to 

. 1961, was an early attempt to catalog Palearc- . the aggregate area of the seven forest types.
tic Wetlands of International Importance. . The grassland and pasture area refers to the 
Approximately 200 sites were identified on four natural nonforest types plus pasture. Area
 
the MAR list. A second program, Project covered by snow, ice, rock, or desert isnot
 
AQUA, was undertaken to catalog lakes and included.
 
rivers of significant limnological interest. The Three main types of land use change were
 
third list isbased on the criteria adopted for assumed to have occurred from 1850 to 1980:

ttif RaImsar Convention (see above). The. \'zt N Agricultural Expansion. For 1850-1950,
 
er Palearctic Directory attempts to include all historical land kse literature provided data for
 
wetland sites from these three networks that seven of the ten regions (latin America,
 

' meet the criteria for Wetlands of International North Africa-Middle East, and Tropical 'Africa
 
I' 2 are the exceptions). The literature did not pro-
Importance. -

The Western Palearctic Directory covers all v'ide area measurements for all natural 
of Europe, Central and South Asia (bounded ecosystems and cropland for all years for all 
by the Yenisey River in the east and the. ' regions. In many cases, the authors interpo
USSR-China and Pakistan-India borders in the lated many of the data points based on only
south), lbrkey, Syria, Lebanon, Israel, Jordan, a few literature values. Rates of change were 
Iraq, and the five African countries bordering assumed tobe linear. 
the Mediterranean. Questionnares were circu- For the other three regions, literature esti
lated by IUCN and IWRB to national contacts. mates of historical land cover for 1850-1950
Responses to these questionnaires were sup- were insufficient, necessitating the use of a 
plemnented by published information when it population-based model, The extent of culti

" was available. vated land was assumed to be proportional to
Several simplifications have been made in population, and unless other information was 

the preparation of this table. Ifa site's area available, growth in cropland area was 
wa- recorded in a Directory as over or under assumed to be drawn from all kinds of natu
a given size, the limiting nuin;Jer was used. ral ecosystems. Cropland expansion was 
For'axample, when a site's area was reported drawn from natural ecosystems in direct
is "over 500 hectares ' the site was assigned proportion to their areas. The pre-agricultural 
an area of 500 hectares. If a site was reported areas of the natural ecosystems were esti
to be "several hundred" or "several thousand" mated from waps of the likely extent 6i natu
hectares, the site was assigned an area of 300 ral vegetation. 
or 3,000 hectares. If the area was reported as For 1950-80, land cover data for five 

" a range (e.g., 200-500 hectares), the average regions (North America, Europe USSR, China,
of the extremes was used. Many wetland sites and Pacific. Developed Countries) were taken 
extend over international borders; only the from the FAO Production Yearbooks. (For a 
area of the site within a country was counted, discussion of FAO's land use statistics, refer to 
Some sites have been divided into two or 'the Technical Note for Table 18.1.) A 
more separate units; because the Directories population-based 'model was used to estimate
do not always list all the subunits of a site, cropland "growth for the othcr, five regions;
oaiiy the main site was counted in the num- this model differs slightly hum the model dis
ber and area of sites. ' cussed above. It'was assumed that after 1950,

The Directories contain additional informa- . 40 iOercent of the increased crop output

tion about each wetland site: location, altitude, required by' expanding populations 
was 
and water depth; descriptions of their ecology, achieved by increasing agricultural output on 
fauna, and flora; analysis of threats to the site; existing cropland (through Irrigation, use of 

. status of management, protection, and owner- fertilizers, etc.). The remainder of the 
ship; current scientific research on the site; . increased crop requirement was assumed to
and a bibliographyof reference material, have been satisfied through cropland expan-


Two other Directories are in preparation: sion. .
 
Africa (to be published in 1987) and Asia. M Change in Pasture Area. It was assumed
 

. that almost all expansion or contraction of
 
- bile 18.3 Land Use, 18501980 pasture was drawn from, or added to, the
 

. area of natural grassland ecosystems. Because

Source: R.A, Houghton et a., "Changes in . pasture is partof the rassland and pasture


' the Carbon Conte.it¢0f Terrestrial Biota and'. aggregate, these changes are not shown n
 
Soils between 18601Pnd 1980: A Net Release . Table 18.3; The exception is Latin 'America,
of CO2 to. the Atmosphere:' Ecological Mono ', where pasture has expanded at the expense
graphs, Vol. 53, No. 3 (1983), pp. 235-262, of forest ecosystems since 1950. 

. 'and unpublished data supporting this study U Afforestation. Afforestation has been 
' .(R.A. Houghton and D.Skole, October 1986). proceeding since 1850 In Europe, 1925 in the 

' The data in Table 18,3 are largely modeled, USSR, and 1t70 n China. Data on the area
using four sets of information: maps of natural afforested were taken from FAO sources. 

'egetation, population size and growth data Afforestation was assumed to have taken 
between 1700 and 1980, literature on histori- place only on natural nonforest land, not on 

' cal land use and cover, and recent (post-1950) abandoned cropland,, - ' 7 
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19. Food and Agriculture
 

The data inthis chapter focus on issues of particular impor-
tance to developing countries -te productivity and sus-
tainability of aigriculture, 

Globally, agricultural output has increased dbmt 55 per-
cent since I96 -I-,i but pci capita outlput has increas. I 
only 7 percent. (See T"ihl,, 19.1.) Cereal yields have 
increased in all regions over the past 20 years, but develop-
ing comuntry yields reuain lower than developed cmuntry 
yields Africa's yields, which are one quarter those ()f 
Euirope, have declined 5 percent in the past decade. The 
largest grain importer, Ihe I SSR, has achieved onuly modehst 
vield increases since t he inid-I 96 Is. Roots and tubers (pota. 
toes, cassava, yams, etc.) are an important food source in 
many tropical and suhtropical countries where cereals are 
difficult to grow. Fourteen African countries (whose tolal 
lopulation is 225 miltho) rely on these crops as their pri-
mary staple, hut in the past decade yields in 12 of the 11 
countries have declined or failed to match )ol)ulation 
growth rates. 

The World Censuses of Agriculture, coordinated by the 
United Nations Food and Agriculture ()rganiza, on (FA), 
are an important source of agricultural and land use data, 
including data on laid dist.rihution. Some regional charac 
teristics are apparent in land distrihution data. (See "lhble 
19.2.) For example, in most African and Asian countries, 
almost all the agricultural area is farmed in small (less than 
5 hectares) or medium-size (5-)50 hectares) holdings. li 
I atin America, most holdings are small, but the majority of 
the agricultural area (57-96 percent in 1970) is farmed in 
holdings of more than 50 hectares. In Canada, Australia, 
and the United States, almost all of the agriculturol area is 
in holdings larger than 5) hectares. 

Many small holdings occupy marginal lands, arid, in 
some countries, the size of these holdings is shrinking 
because of land scarcity and population pressures. In ot her 
countries, such as Brazil, the average size of small holdings 
has increased because new agricultural land has heen 
created, most often by clearing forests, 

When arable land becomes scarce, increasing agricultural 
production requires improving yields on existing croplands. 
Irrigation, along with improved crop varieties, mechaniza-
tion, fertilizers, pesticides, anl other inputs, is largely 
responsible for increased crop yields i-. many countries. 
(See Table 19.3.) Over 40 percent of the world's crops are 
produced on irrigated lands, which represent 15 percent of 

the world's croplands. However, relating changes in crop 
production to the use of agricultural inputs requires trend 
data on (il inputs. l)etailed data for one of the most impor
tant inputs--pesticides--are unavailable for most countries 
(For data on fertilizer use andl tirictors, refer to World 
Resour's Tab'6. pp. 26-1-265.)"[hle5.2, 

Irrigation data are provided to FA() by national govern
menits. These data may differ from those reported in 
national Or other sources because f varying definitions of 
irri.galion and irrigated area. The definitions are often not 
supplied, so that differences in irrigation estimates are diffi
cilIt to evaluate. 

Althogh irrigation increases crop yields, poorly 
managed irrigation systems may reduce yields over the 
long term by salinizing and waterlogging the soil. Water
logging, which lrevents the aeration of soil and reduces 
f-rtility, occiirs when irrigated soils are inadequately 
drained. Waterlogged soils become salinized when the 
water evaporates and minerals from he subsoil or irriga
tiori wati, ,lcuunlate in the topsoil. 
Saliniati-, hs been documented immany countries, hut 

mly rough csti mates of the total area affected are availa
hle In South Americ;, for example, one half to one third of 
irrigated lands are thought to be affected by salinization, 
but data on the extent and severity of the problem do not 
exist for most coiuntries. 

In addition to salinization, soil fertility is also threatened 
by wind and water erosion. (See Tahle 19.4.) Although soil 
erosion is a natural process, erosion has been greatly 
accelerated inmany parts of the world by poor agricultural 
practices and] degradation of vegetation caused by over
grazing and deforestation. For various soil types in the 
IUnited States, the U.S.Department of Agriculture estimates 
that erosion rates exceeding 2-12 metric tons per hectare 
per year cannot be sustained without damaging the 
productivity of the soil. Estimates oif tolerable rates of soil 
loss for olhr regions differ according to soil type and other 
factors. 

Erosion data are not strictly conparable across countries 
he,:ause different methods of estimation are used. Esti
miates vary (leending (in the causes of erosicri and on 
measurement techniques. Most field measurements of ero
sion rates are carried out in eroareas where sheet and ril: 
sion is most serious. 

4.P,7, 5 
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Index of Index of -Crop 	 YieldsAgricultural Food Cereals Roots and Tubers
Production Production Kilograms P(1979-81 ...tP 	 .t-= 100) p79.81 100) per 	 Kilograms Percentage-	 Change per Change
 

Total Per Capita ' Total eCapltaT Hectare Over. Hctare,, Over 
1964.66 1963"85 1964-66 1983"85 1964'66 1983.85 ,1964"66 198385 1983.85 1964.66 1974-76 1983.857 1964-66 1974-76 

WORLD , AIgS; (102 "71 95110 '70 110(. ' ',94:'102',A' 2,441H'>. ..'+158 :. 25 "'.12,476 21 '9' 
AFRICA +',109 96'72 109 :' :.t71 '.109 - 108+"'4 '96 .:" ' , ..- "'7,478 "' 225.,.13951'+- .13 5.= H ..
Aia 	 67.- 113 104 99 67 112 105 981, +732' 39 7 : 7.373 1 0118 176
1 101 92 
 85 102 127 92 h480 . -45 -37. 14,045 - 21, 7
Benin 	 6 123 94 109 66 120 94 107 ) 744 38
Botswana 82 98 135 86 81 98 80 	

3 7586 23 -1
134 230 -38 -62 5,641 41 22
BurkinaFaso 110 A5 	 622
83 111 101 Ill 101 .113 20 17 4440 32 -5
Burun "n 75. 94' 79Caeon63Burundi L 10 98 108 ' 100 ,97 1166 19 3 .7:46 516 9 

i Cape Verde 121 195 ~.990 71 163 477 


757 108 8 . 107' 89 97 "1,006 : 279 56' 2.428+i,06 -9 2 
162 97 "122 A 9 6 .,90' -23 6 3,035 -2696 -28 

C entraAfrcanRep 72 105 19515 92 '105' 94 '96 559 -25 8 ' 3,223 -9 0Chad92 94 105 126 I03'124 94 565 -8 -1 4,981 9 '23'Oro 70 110 114 7097 1, 114 971 , 122 -14 1 3.306Congo . 77 104 94: 104 110 94 	 -j -4.110 78 
73 578' -47 -13 6,396 29' .13 '1Cote dvoire , 47 107 85 93 
 40 114 ,-, 99 894 12 10 6,006 63 32
il. 	 '(.AhAti 	 xX x XEgyptb13 	 '70' 

X' X X X X X10 102 116 98 105 4.238 19 '8 18,993 .. 9 7
 
Equatorial Guineai X1,< X X X Y x
X X X ,, X' 2,408 £-32 -12;labon'a jl' 78 106 10 10 98. i11 88 1,128 . 45 H"o17 ' 2,988 . -2 ' ' -8' 	 /hana.93, 11406 1190 100 106, 110 100. 1,489 1752 6,00 -32Gambia ,)107 119 130. 11l 10?.- j119 .152 110" '1.093Ghn 1 	 ,112, 114 120 100 ,G735 

4 17 300'3 -8-19 -16 7,63q1 ' -8 "24 
78;-108 105. 98a 78 ,,108" 106 98' 721---11 -3Guinea-Bissau 91 131 140 121 91 131 140 121 753 	

6,146. -18 ~-14'
6 3 6154' 26Kenya 60 112 108 95 67 109 119 92 1,462 19 -6 7,787 6 0Lesotho 91 96 127 86 94b86 120 85 685 -12 11 15,103 3 17Uberia 61' '110 97 113 " 95 99 1.235 '96 1 4,005 -4 3


Libya '43 136', ' 78 117,, 43 137 7817 648 18 4' 6,9
Madagascar 73 	 53 38111, .106 '9 72 .112 105 100 1,741'. . 2 -4 5,887 -7 4-Malawi 55 10' 83 97 58 108 87 95 '1,203 28 11 4,568 -6 1
Mali 70 108 97 97 73 .107 100 96, 751 -4 -4 9,568 16 6
Mauriania 97 96 143 85 97 96 143 85 416 15 0 1,899 -24 70 : 
...Mauritius 8"1'"'.....O 1-0- 0 4 . 111 .9614 	 4,011 '99 .55 23,363 87 497Morocco 73 110 ' .1 96 '73 10 10 96 910 26 '-13 13.418 28 17Mozambique 83 9 18_ 85 80 ,97 '; 86 648 -30132 	 -10 5,887 22 20,'.Niger '' 74 97 "105' 87Nigeria 76' 108 	

74 97' 105 87 367 -30 -7 6,937 -14 59 76 91269 125 95 719 7 9 10,573 34 5
 
RA,,nda 47 ldb7ii- 76( 4 
 4 17 7" 9 ,7 1 ._23 8,376 53 __Seea 4 14 15 93 'P5 13' 	 Sierra Leone 156 .92 '691 21 '-4 4,095 -1 ,3478 106 97 98 79 107 99 100 1,383 5 -3 3,381 7 -21Somalia 78 103 144 87 78 103 144 87 'A 596 21 -6 10,815 8 0SouthAfrica 61 91 85 82 58 90 82 82 1,174 24 -16 11,870 43 1Sudan 62 16 93 97 59 105 89 94 469 -33 -28
Swaziland 	 344 117

1 6 65 104 46 117 68 104 1,682 258 13 2,501 -36 -34Tanzania, United Rep 59 	 9296 54 108 87 94 1,062 35 88 11,016 108Togo 	 57177 102 119 j1 77 101 118 90 1,072 127 14 14,686 23 13Tunisia .09 113 '~91 102 .70 7113 "96 '102 820 Al18 -1 12,429 31Jganca 	 '~51
73 127 119 , 110 67 125 ,110 109 1;196 33 -2 6,852 75 56Zaire '76 114 110 ' 101 75 113

Zambia 64 105 	
110 101 870 27 17 6,990 4 i Ip "100 92 63 104 90, 91 1,551 83 27 3,672 13 9Zimbabwe 63 107 105 93 '58 101 96 88 1,088 21 -23 4,749 18 19 

AMERICA 7,.3'...,Q".. 92'102 9 71 103 90 97 3,532 44 22 19,196 23 6
 
Barbados 98 89-", 
 1,-,6 86 98 89 106,,,I 86 ' 2,500 . 30 -4 ' 9696 '10 -9 '.+Canada 82 109 100 104 82 109 100 ' 104 2,153 ' 23 .6 ". 23595 27Cosaica 52 '. 105 	 108o 95 501 100 77 90 2,445 78 '41 7,426 1 -11Cuba 58 110 72 108 56 110 70 ' 108 2,737 131 35 6,189 14 14DominicanRep 65. 114' 97 104 63 115. -6613EleSalvador 65 ....93 . .104 ' 83 	

94,' '105 " 3,434 65 27 5 9 ','55 101 ".88..90 ' 855.. 7 20 14,018 . 20 "'HGuatemala 56, 99 .68. 88 53 107 14 95 1,674 ' 81.. 15 . 4,638" 21 20 ' Ht-aiti 1 80; 104.112' (94 77 .103 ''108, 932' "-3Honduras 57 107 	 1.035 -1 2 ' 4,049022 -4 "-6".4, 91 93 59 106' 4''' 93'9 1426 ' 22 31' 31 102Jamaica ' 75 .109 ' 92 103 74 100'' 9''' 103 1':874 60 6 i419 3 2
 
+Mexico 60 109 
 ' 96 98 ':56 110'' ,."90" 994 2,163 ANIcaragua ' 70 93 il11. 82 	 657 27 12,520 46 ' 63 93 99' 81 1,962 ',. 91 88 :4,041 -2' -"I1"''Panama . 63 105 .-'93 
 96p, 63 103 93 94 1,482-5:. 4 24 '8070
Trnidad and Tobago ' 90' -93 	 

, 	 " 99,,' 90- 89 94 " 97 91 i '3,102 28 'd 48 '8 12,097, 36' "274 -UniedStates 96 72 101 84'100 ,86 9 4,279 ',48 ' 2 '28 30334 41 11 

"Arnt,na, ' '.7 7 14,+'7A'902 
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ArIndexof Index of Crop Yields 

FooduaFood Cereals RootsandTubersProduction " . Production
(1979-81 = 100) ' (1979-81 = 100) K.Ilograms Percentage Kilograms A Percentage

per Change r ,per: Change
Total Per Capita Total Per Capitf Hectare Over Hectare ' Over 
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 103 101 94 572 .-23 -30 13,910 125 27
 
YemenDem 74 103 101 93 71 102 98 92 1,662 : 36 . 1 11,135:;; 123 -2
 
EUROPE 75 '106 
 82 104 75 106 82 104 4,102 76> '29' 20,018,X .'-.19', ,9,
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'Luxembotirg X ' IC IC IC IC XIC IC IC IC IC IC . C
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" 36 75 86 56 3W 7 11,9W' 
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... .. 109 19 A 't'25.) : §13 8,1
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Source U.N. Food and Agriutur~Ore at 3 3.' .3,~,'.. .' ~ ~.,''.,' ~ ~
 ,0.-.zero orless than half of1 prce,x = not available,' .:' K. 4 .;" -. '
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Distribution of Agricultural Holdings by Size of Holdings Distribution of Agricultursl Area by Size of Holdings
(percent) (percent)
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Distribution of Agricultural Holdings by Size of Holdings . ':.Distribution of Agricultural Area by Size of Holdings
(percent) j'.(percent) 
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26 

,83 
23 
85 
64 
74,. 

14 
0 
9 
2 
0 

2 
83 

4 
16 
C 

58 
17 
81 
55 

X 

40 
0 

15 
29 

X 

A 

Portugal 
Romania.. 
Spain 
Sweden 
Switzerland 

X 
IC 

50 
37 

xX 

X 
Xx 

45 
.60 
x 

X 82 
X . 
5 X 
3 26 
X'.45 

17 
,. X 

X 
C

~F 
'X 
7 

1 
X 

7 
1 

86 
- ... 

63 
16 

'42 

12 2. 
C.X X " 

31 *,5 
72 12 

-57 1 

X 
X 

'6 
10 
X 

X 
X 

29 
68 
X 

X 
X-

65 
22 
X 

18 
X 
X 

16 
9 

31 
X 
X 

64 
86 

51 
XI 

X 
21 
5 

20 
X 
6 
9 
6 

24 
X 

24 
62 
88 

56, 
X 

70 
29 
6 

UnitedKingdom 
Yugoslavia -

UJSSR 'i'"-
-

<' 2 '' 
-

32 
71 

x-' 

49 
. .29 ' 

X - '-

19 
0 
' ''f 

22 
74 

V 

52 
26 

>x, 

27 
0 

X:, 

- " 

-

52 
. X 

Xb 

30 
X 

X 

2 
33 

24 
57 

74 1 
11 33 

X . ~X. 

20 
48 

X 

79 
19 , 

X -''X 

1 18 
X 

-"X" 

81 
XI 

X 

",J 

Australia 7 25 69 24 69 x X X 0 0 100 Q\ 0 10 X X X
Fij X X 5!Vs 42 0 85 14 1 x X I( 13- 87 0 17 41 42-NewZealand 3 36 :i61 5 29 67- X: 0 4 96 X. 0 3 98 X X XPapuaNewGuinea X X . X x I X X " C X X X X X X X. X X X
SolomonIslands I ,X IX X X : X X X X X X X X IC XI X, IX ICX
 

Source: UN Food arid Agriculture Organization. . .C> .....
 zro or less than hat of 1percent; X 

For addrlionainformaton, see Sources and Technical Notes, 


o,0 - not available, .- 
-,
'.,7
'--'-:Cl'- - , / , . ,,.......> 
 .% - ''C. ' 
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Food and Agriculturje: 

Table, I 9 0S31rrigatiaSiiniii---Aiii,9l74;1g 
Percentage

Area : of/irrigated Percentage Irrigated
1984 Change Lands 

y ~ (thousand Over Alfected by.hectarea) 1974-76 Sallnizatlon 
WORLD 219,715 17 

AFRICA 10,390 25 
Algeria 298 22 10-15Angola X X 
Benin 22 47
Botswana 16 60 
Burkina Faso .8 33 
Brundi 5 0 
Cameroon 10 25Cape Verde 2 0 

. Central Africn RepChad X X7 0Iraq 
Cha 


~s Comoros, - X XCongo 4 10 
CoteDjiboulidlvoiri' c,. 62 636X 6X.._amxce._ 

Djibouti__ 2,7 -1 3-4Egypt nea4 
Equatoral Guinea ,X 

12 
X

I:hiopia 94 2
Gabon X X 
Gambia 33 32Ghana _- __7 -53. 

Guineas 70 . 
Guinea4issau -2 
Kenya 40 -2Lesotho - X X 
Liberia 5 150 -

Libya '32 16Madagascar i 00 103
Malaw 22 69 
Maii . 340 102
MAan - _---- - - .- 14Thailand 
Maurilius 17 13 
Moro 520 22Mozambique 78Niger 10514 1 100
Nigera 1,200 650 

120Yemen,
-Rwanda 15 15


Senegal 175 11 10-15
Sierra Leone . 16 23Somalia 130 8
Sciuth Atria 1.2 0Austria 
Sudan 1,700 -2Swzln 07.Blaria (20 

Tanzania, United Rep Sxzln 07Czechoslovajkia140 150 
Togo 2 -67 
Tunisia 210 71 

Uaa16 0Zaire 7 600 
Zambia 20 11 .

Zimbabwe 170 136 

NORTH & CENTRAL AMERICA 27,414 20. 


Barbados X X 
Canada . . 630 26 .Costa R4ce 8 133 
Cuba 1,030 74 
DominicanRep 180 29E a1Norway
E Salvada 110 244 

Hai . 70 0 
Honduras 85 2 
J8maica 34 10Jamica10SwedenMexico 5.100 13Nicaragua .83 26Panama 30 30 
Trinidad and Tobago 21 11
UnitedSates 19,831 19 20-25 
SOUTH AMERICA I7 .. . 979 21 

Argenlina 1,660 15Bovia 155 32 
2,200. rBrazil 169Chile 

Colomba; 
1,257 

322 
1 

16 - 20 
EcuadorG ulyana~i 
Paraguay 

- .- r..-, ' > , - . . 5371 2 
62 

: 6< % . :5 
17 

. . . ' 
o' 

- i ,; 

Peru 
Suriname 

1,200
45 

6 
36 

12 

Uruguay 
Venezuela 

92 
322 

61. 
8 

wo auc 1987 

.sjj-280 f\l~I' 

Area 
Irrigated 
1984 

(thousand
hectares) 

. ... 
Percentage 
Change

Over
1974-76 

Percentage.
f..-

Irrigated 
Lands 

Affected by
SalinIzatlon 

, 
ASIA 138,962 ' 13 

Alfhhanistan 2.660 7 
Bran1Bangladesh

Bhutan 
Burma 
China 
Cyprus C. 
India 
Indonesia 
Iran 

1,920 
X 

1,064 
45,420 

94 
39,700 

5,420
5,730 

0
42 
X 

9 
6 
0 

18 
12 

- 3 

15 
25 
27 

(30 
1,750 11 50 

Israel 
Japan
Jordan 

Oem 

Korea, Oem People's Rep
Korea, Rep
Kuwal 
Lao People's Dem Rep
Lebanon 

i220 21 
320
3,250 -

38Kamochea,89 0 
r 9
1,060 18 
1,200 131 0 

118 181 
86 0 

13 

16 

MalaysiaMongolia 33640 974 

Nepal 
Oman 
Paistan 
P 

liappines 

640 
*42 

15,320 

1,430 

176 
24 
13 
30 

(40 

Saudi Arabia 
Sinor 
SriLanka 
Syrian Arab Rep 

410 
X 

550 
617 

9 
X 

15 
13 

13 
30-35 

3.550 47 
Turkey 
United Arab Emirates
VietNam ,, 

2,140 

11,750 
0

65 •-
Yemen . 

Oemn 
245 
62 

77 
9 

EUROPE 15,616 21 
Albania 

BelgiumBulg 
. 

7/390
! 4 

111,210 . 

1B 
0 
0aB . . 

-.. 193 4 
Denmark 
Finland 
France
German Dem RepGermany,Fed Rep 

400 
60 

1,160
165320 

. 122 
54 

45 

_ 

Gec 
Greece 
HungaryIceland 

1,30 
234X 

16 
-10

X 
Irelandtal_ X2,970 X9 

. .....Luxembourg _._ ......
X 

Netherlands 

Poland 

1 
520 

80 
100 

0 
21 
95

-53 
Portugal 632 1 10-15 
Romania 216 70 
Spain 

Switzeriand 
Kindo 

United Kingdom 
Yugoslavia 

314o' 
3

2 
150 

161 

12 
10 

74 . 
24 

10-15 

OCEANIA ..1,869 15 

Australia 
Fi 
New Zealand 
Pa New Guinea 

1, 

240 
X 

" 1 

C0 

5-0 

-
;9f a'n Island . . . .. 
S urce : U N. F od n d A gc u lu re O r i ati na nd oh r s u c s
0 zero or less than hall of 1 percent; X - o available blank no data available . 

or salinizalion not a significant problem,
For additonal inlormation, see Sources and Technical Nots 

., 

., ,. 4 



F.od and Agriculture
 

T:able 19.4SoinEos 	 C
 
Rate ofRaeo 

Affected Erosion Affected Erosion 
Area as (metric Are& as . (metric

Percentage Amount of tons per 	 Percentage Amount oftons per

'of Erosion hectare, Year of Erosion 	 hectare Year .	 Extent and National (metric tone per of Extent andy National (metric tons per of

Location Area per year) year) Estimate Location Area per year) year) Estimate 

AFRICA' '- * Jamaica 	 Total cropland 19 7.45 million 36 1980S
 
(208,595 ha)
Burkina Faso Central'plaleau X X 5-35 1970s 	 Upper Yalluhs X X 90 X 

Ethiopia 	 Total cropland 10 500 million 42 1986 . Valley

(12million ha) United States Total cropland 19 1.66 billion 96 1982
 
Central highland 43 1.6billion X 1970s (169 million ha)

plateau

(47 million ha) SOUTH AMERICA
: Lesotho Grazing and 88 185 millhon 7hcrazingland 86Argentina, 	 biazil, La Plata l'iver X 95 million 188 x 
croplandsan aau bsi(2.7 milion ha) and Paraguay basin
 

Madagascar Mostly 79 25-250 Peru 100 15
cropland X 1970s •ntire country 1.9billion X 
(459 million ha)AIA >' .. " A'2 
High central X 12-40 million 25-2!70 1980
plateau Burma Irrawaddy River 07 X 139 ' 1980s 

Niger Small watershed 0.01 468,000 40 X 	 (43000 ha)(11,700 ha) 

Nigeria State oflIno 1 13million 14.4 1974 China 	 Loess Plateau 64 X 11-251 1980 
. . (9W0 )
(,::ha(60million.\ ,000 Ia 2 o f 	 ha):n h ) 

Jos PAateau X , 101lon X 1975 India Seriously affected 27 6 billion 75 1975Anambra X 1015 million X 1975 cropland 
Zimbabwe . Area with 08 15million 50 1979 (80 million ha)

moderate to severe Cultivated land X X 40.100 1980s 'V
erosion h)Deccan Black Soil

___(304,000 ha) 
 region 
NORTH & CENTRAL AMERICA Indonesia 	 Brantas River X X 43 1970s
 

basin. Java
 Canada 	 Cultivated land X X 40 1980s Nepil Entire country 100 240 million 35.70 X 
New Brunswick 
Cultivated land X X 2-26 1980s Turkey Entire country 100 5million X 1980s 
Nova Scotia Yemei Abandoned 
Fraser IRiver valley X X u 030 1985 terraces 003 X 150400 1984 
British Columbia Serat Mountains 

02 	 X 346 1970sDominican Republic 	 Boa watrshed 
(9,330 ha) EUROPE ,
 

ElSalvador Cultivated land 2 X 19.190 1970s Belgium Central Belgium X X 10.25 1970s
 
Acelhuate basin
 
(46300 ha) USSR Toalcropland , 10 2.5 billion 11, 1970S
 

Guatemala Western highlands X X 5-35 1979 .z ', (232 million ha)
 

Source: World Re'ources Institute and International Institute for Environment and Devblopnent. X - not available
 
For additional information, see Sources and Technical Notes
 

Sources and Technical Notes 

Table 19.1 Food and Agricultural ients using International Monetary Fund 1960 World Census ofAgriculture: Analysis

Production, 1964-85 exchange rates. Country ou'puts a, lten and International Comparison of Results (FAO,
 
Source: Uinublished data (United Nations totaled to derive regional and globai aggregates. Rome, 1971). 1970: FAO, 1970 World Census of
 
Food and/glriculture Organization [FAO] 
 . The agricultural production index iniuces all Agriculture: Analysis and International Corn-

Rome, September 1986). crop and y1;vcz"k products. The food produc- parison ofResults (FAO.'Rome, 1981). 1980:
 

Indexes of agrcultural and food production tion index covers all edible agricultural crops FAO, Report on the 1980 World Census of
 
represent the disposabl.. output (after deduuion that contain nutrients.' . . ' Agriculture, Census Bulletins 2-23 (FAQ, Rome,
 
for feed and seed) of a country's agriculture . Yields are calculated from production ard October 1983-August 1986). 
 A 

sector relative t6 the base, period 1979-81. The area data. Production data include cereal .. The years 1960, 1970, and 1980 refer to 
index for a given year ts chkulatfd as follows:, production for. feed and seed. Area data refer to those rounds of the World Census of Agricul
the disposable output ot acommodity in terms the area harvested. Cereals refer to all cereals lure organized by FAO. Data for 1960 were
 
of weight or volume ismultiplied by the harvested for dry grain, exLusive of crops cut compiled from national censuses conducted
 
1979-81 unit value of the commodity according for hay or harvested green. Roots and tubers between 1958 and 1964. The 1970 round of 

to average national producerprices. Theprod- refer to all root crops grown principally for . ; censuses covered 1966-1974. The 1980 census 

,y
 

-ucteofeui 	 humanconsum'ption; root crops grown prin- round includes national censuses conductedthis 	 "re 

crop for that earlin terms of 1979-81 prices. cipally for feco are excluded. between 1977and 1985. For specific dates of
 
The values of all crop and livestock products The data lplhble 19.1 are suilied to FAQ by country censuses, refer to the sources. .. " '
 

are totaled to' derive the Vlue of all'agricultural rational agriculture' ministries or are derived Agricultural Holdings, as defined in the
 
production in1979-81prices. The aggregate from.ag;icultural censuses. (See the Technical World Census ofAgriculture,are agriculturlnI
 

ouptfrother years isthen divided by the Note for Table 192.) 	 ', production units comprising'all livestock keptV
aggregate output for 1979-81 and multiplied by 	 and all land used wholly or partly for agricul- n100toobtaintindex. . .tnumber... be 19.2 Agricultural Land 
100''~Into o nteindet ndte rld arl'D rbto,16 0ture."An agricultural'ho6lding may consist of one ''bydxe 	 r itiuin 9010or 'f'o''nnsadtewrdmore parcels of land, or of livestock without',computed byconv'erting oi(*, ina production ' Sources: 1960: United Nations Food and 'K".agrlculturafland. Coinon grazing land andy,2$~

figures in local currencies to US dollar equlva- Agriculture Organization (FAQ), Report on the, ' lands' producing only' forest products are nut
 

I 
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holdingti, Rente~dconsidehre.d land I,touls.i(thw(I tiolnIHah sh o,l '.ll~hh ll h IdI,.'u.h ',n d ¢Jd. \ r'~u,. 9'1
 

withinl the(ho)ldim! o ilh l, , nio i~ilhwltharm Hit w l / t~[iic;h ,-,11f , ':m 
 ((if~ tww [ loitlllhw 19)824N.Idtim 

tha t lilt .f ' t t n 'si ki ) t i ttoft vt'iuttI rv, Iiiu1r1tit
,\'rit'ult
itt,\nTa. Iitiv' oi 1,111d 1 iit6.1 Table 19.4 Soil Erosiion inl \uri'trit'-.,Nii ('\gitstiriith, S,.rvjice.t vi np o) (r u it,rt t I1, iy m , ld 1i o( S ele c't e d Co un t r~i es, 1 97 0 - 8 6+ fir 

XArgen.r try l c n i l ld] ml M : ( )IL,1 1 1 -1 ( flll\~ ' (i al S t t ,t es(H ) 

blril'e ilt (c,1,;isT pa,0t. )I 1 .it1 Ii.,htrpli ('-l'iltoi't l,/lit ,khh'Iit Mufltitli l patit sirittit lt.IS Chapter IS. N I. -I i ti ud ,rt111d Sources: I tm.l1d Ill'hl /1i h,, ,.ir,,i 'sl ll (()AS shitigtfll uwl I .: \Vr oll,SI 'r I yi lu-'si tilt" , hirk, ild hkr.,imtftlsPeru:f re -i lvii fi.) 'lt. it it11)71 ) It' irt, ' wtt' iiietitand(mil ri.soiwtill tit it l ,tft1 i NI l'itNi )i tll il'lttiiIi i If,,, nlvi ,uro)c, ( 'P,IAtoildl r f 'I h c' rl1 11'l 11-
dv'lil
dald MI( ht,,, r u I ;tiif l't tmd lo BurkinaI I so: Ii tt'rl- i h(titu< ( I. I I h.II , anditteI. Io S .iti Ih , ', r '( ,lllsc Ion,r\ati ill
t1akit/( 'ii iv1.gu 't iti .ll'' 1u it I . t1 ,1 It? l. n''ltitll ht. I FIt.; I w Nttt1Ngi l',IlI:' ill tll i.a, simm\i i l I "P initll rguSoil .,r

vt'im,l itl iht, m 'pt/mtj.)difhtitSlo tu ,iui ! .w..sl I l/e 1;r II ' 'I ih t,htnas
t(l,h tll l'itu i' i'nAt ri ti w tl'l 'Imttt(li'lli /i-it,
,I1snyu
pK Friutup.i - ( M it/,ih'i,; .h Ill t) itiiacp i(I l ( lidi: tllt ti Iittl I ' t,(198I) tChina ( orsisdata):t ype Isiati
olol[lctll i ]!1, 1 1Ilvdlll" I Y/c ''Ilt' t'(1;,'l\. ',! ~ <jtt [tq+a.d~ Cobaha, , Ii


'~ j r.a flail"R ,! afilll i a'slIwrss Ph-flI h'C11' ]tl'll Ci ( 


tri.i t ' tn tilid s i 'l,I litiilii hit (Iiuudiuu h 'nIti ' ,I iuhitl[
ifuit Cii ins,t 1t 1t Iu t ( tat):/Iul Il I 'a ifrnumilh,,it 
 i lii 1,(lt 'll thisih iitu , i )1 it Iti t t I Iiut II iI A"'nI( lit t rg. uite t l i'5' \i'usli ilF:ld Threat ofYeltlti's 'trtt Lt' id I.\ni '-N'.
molst ti 'u'pl ll'teil t liiI ui .'i l'ittti-''Il,,'', l ,~ lm du4.t,~ '1w hb ,+r vll 1 Ri lt n ;tuit'.snI4IiIhttt"fnfit tt.N tu,i. r.h ll (I-,1['. ISId i 1069i. aflft.('h-1!I"; 1110-;Ih India i',c'rioulY c'ro~pland):Dias,"'Soil 

,;is.t't'htrtik (i .trt'a,;tM !iill;d Iloltitltt, l t 't . lh llt r l l Irosioll inltogst ill rh itu l ' 1 iil (lls ti(t's hNitii llt olfi ivi.rs' itvf tit, 
. ttd Cotntro 

ii s t'il NIn 'tl\i) (,l Stui.idi , snlif'l r'i3 

l2t!,,m, 82S2.Madagascar (, 
 h for 'it,and lit-noptind):P in rttt s, EnvironmetTable 19.3 Irrigaitionl an iiiad j,n,t. lir oI 'E',Still" +ithil ti,b.fivrom nt1, PA-1 ((SE,t oa "' Frosit-iiMli,is,.m ..

Salinization, 197,1-841 .. No1. (19, 4h (ctil v.I)lhlu1982) Bralhhen,
018Bl).VI)L 12, 6i .4 Ilh Pi- lIndtonesia: T. 

!,,,ll.."i,la;11 1;S A,\ li ,'cforh111.1rn,01p1,0 ill Mohmilrs if) Sediment '4 lhlidlv A-sse.ss 
m oi \;ti[,ll.I'o i)'t wltrit )). /.'r ,n I.,t'In[Yilh1) I \'Ja and
 

A g riu lti rm( )hg a m / i,, mll(FIV\ )), IProd lot low P 't+if ito I h.qalltS( a it(11S . A ID, \V s m,lol~lll, . ,d l ft"Flllh ola p.wa'M, llrN t tit n (htern a-


Sources: h l ,It=til' ihrd itd aiml 'ht-(qm ,!;...All/)/(ll I'll ! a,hl u sa, ill /hr',tosl.w 

)iu rhoo k !; .(-\(), !,z 1 kl)S,Jllj ll ii nl Il til) .S y c l-vI -llo rll(. tio W(, , N ige r : .. ',~ ,'t"': h,all , , , , ll ,(l lo calSc i e,W ,i.0 iio llydi g i enc( l-
Art wni i,]~,vria. Vi( lor A. K tda. l d losiulm \'i Itc[."l i lltli' m fe,;- hum,,rd, 198'41)Nepl: 'Iilbrary of[hy . . Svt' Omgn'ress, 
..o diz(11toll o d Ilh 'ul lt tol ,. / ),,Ihiplvil fuIt fu oh ltwv s e. u Ahntf;,',N',. ' ,a - ol h io afw n, i t l I ,l <dlwy lI is n ,l)r t
 
Prt.ss, Vgvr;-\l¢. M thlbllhin+ C'ompany. No,vN,,rk.
Bouldher,O d,irad(,. 190, I lit. (\ lilli,m " tr.u'lll"willl Re'poll oilA'(p/ill (Liblr 'vof
 
ix-niegal. Sudai. It~ii, Pakistan, l ut m_, m)t1, 198 1|) 
 ('%lVit, onfi~ 

A usra lia : \'i'horA . Kovd al~, .'\ ( mt',)I[ kt , ' lm w ith A\..r(t t . os m n11011 1.11c II tl 


,hsP+,t,tu. Aii~m hlra,Nigleria: I)() i t ,0)C.,1979).Tuirkey: 
*1 1 , A\l hc (l u S"o lF r tll I ! robhehiisF"ondatio rkeyul nlofTuh 

w nce s (if t ;I , \ I m .', 6 o 'r illS 'ic t hil l ll 19 ,8tlp imuua NILt-1 o+f l |lhe ,, TT'l).L'11 m .'l , 
o ff7 i kty.198 /I ' ,I o lolid l ( o l l W'I rlro .nftIroh hi


c llulmti tim s: Mi td11 1rili,Vo l,11,N .3 (194():,
l ):I'llito'd S"ltc hilli Il nlo flIIT, T ,\Anka ra ,1981).Yem en:Htorst\oge l,. Ni~vuri, " 
,\shrv,v /Io I "il hillu tio n fr mtl hInw,i, I ) j,i ' he(i l lifi 1hilto )( 1 ! ,ll I)"tiq,d "T v so " . h m nll f."to 14/ io r 11 of1;IM ou t ainoultsAgro
.Aqiculture'" . li'rlm/, Ial/l+/il I/c'l (oli.se, at I. Zimf iS ,' (IU titil/!'1 i'll'/\39, N...I (1!),';-) .1olc)S I','l li IlhvThird World (lilt, to)Frigra
totio ll, %'t, .1H iJa: 0 , , e : I ' \l ,Ai( 111d 11l (i
)No )1 1( 1 1 . ]ab liv ersitvlit A r /ll;a l1 , fP ural L~ib ~sented eW,oqrksh<or,p~re atth + 
d,-. , nfilrli ill1 Milchr Wsw,m( ' [)rhafl ',',Im- .. .\Mtlail.;
llm ill(I'ct'ltr. F'l'lllnhwo o>11\ticall id~ Ilip.lalus:
1,",1; I),kk, I ic.' ' ]lt, fill,of Z, vf \rl/a.1(,tl ,,,.t, ], ",rk, ,1co(t ilivterity li;"il FC'1-'invielt, Re~sourre Manag. eent, Il(] 

prus,hail . llr t ) ,tw MI , I". 1,ii.i ' ' lh('on h ia , Ca n a dla: A+\ Fo-o d~t ba,()cto

( ibily, " l,tk of ti,l Ow ' N .1 q rt 'U/t .S w O~ 1P .B]elg~iu h te 


( 'y J.ih ij )rd I ili'l lP iintis lu !11,Ill Se .uritv, A d d is .Axba b r 18-27, 
,itio llill fill,-lut i i lm oil I ah/,, N G m :( Ric r.Aspectsand Prob-


Re gioI "I. ltri littiltil k, q+ ' rado I ,S lllt (')tWl
n.. di . , , /o' 4+, .R ¢ i(t /I ( "Il llla l(110 / /ok I trll ( if1:'r sion H azardIsil the IT *C C .ount ries:' 
ing ( ortnrltc , Wr'r,im oii ,('..)\ jr~ rl, 7. l.iqrc t , , ttaw a , 198 531:Nowv" uu, 11,S in/k'on, G.Prendergqa 11isA~r t ld, iiia 11' m A. st.ed.,(c r11 
('[)1[;IF Vcrlllt', "..\rl((1tlllt' 1 ([11, ,%,' 


, 

-(Ikllltd \olt\t1 -,. illmdta: .i+\ llttral] t,[(o11 (llloftIllt F'1i")llo ommunities", Lt(lie 

r il
[f 'ieliormling l l I 1 /: + p tq.\, ti ] flit,' o f (11, 1 ( ,1 r .l,a / h ,uw. 198 2).U IS rB r . ' . lwlw ,, f 1, hh 1 1t . h~ .fill SR :Ihstt ow nl i lt ,Ytw el 
d! I) ,lk.1 li; R , , rN o I 1g. tiu[ \\ilh ll[n G : fit(/ti lt"),'(i tas" P'll l llII ,lflilda (AR( ' if[Il1('Wt ihl1.98,5 (Nor to n ,lN vw "trk, 1985), 

.trrt' . /hqh[ .tl .,tl
ti ifh;ta noll~litl / (1,',t.1)"1) IDoiliniuall Reptnkllli("AllA Ik )il crosi,,u ren+v aiofsoil theisflt, fril~l 

(IrS i(),~rnf At idnitnr., \o,~llt+,l J~lt iftlinlt'll i All sivea
.\ 
 l,'llI Protfll*IS h, Giru*ro-vtw iroct'ssts w',ind((ifmov)\ing12

IW('-198,I [.,i; I',h -,mr in t,-+,+ ",\rl:. El Salvador: S" tud '.vtt title trosionl


I. l . Gllc m11xon, I1t 1 I' I9-1 1 'l,\ ' u r Fliht.itatlra ofl isdeter-

K K tFramlii
cd ,/rr,+l,
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20. Forests and Rangelands
 
Forests and ran .elands toge ther (occupy rougly Ithree 
quarters of the world's land surface. Yet tile statistics 
awilable for evaluati rg charges ii these lanls are weak, 
particularly compared to information Oil cultivated lands, 

Data on the extent and (oadition (Cf forests are greatly 
influenced bt'the defilnitions alid techniques used. (See 
'lable 20.1.) For example, the Urnited Nations Food and 
Agricultural )rganiization's (,\()) taxonolmy of forest types 
distinguishes betweeri "clo sed" a~id "o(pejn" forests. ' lie 
trees of a closed forest fully snaicle the gr)und, preventing 
the gurwth of grasses. ()pe forests may have 1slittle is 
10 percent tree cover permitting a nearly c(llrinnous 
grass layer ol the forest floor. However, soiie countries 
classify open f(rests as ranlgelands. 

Forest fallow rid shrUblallcs, coverin g I billiin hec-
tares, :ire exclhded from 'Ih ble 20}.1. Forest fallo(w is fIrest 
lan 'I that is cut, burned, and c!iltivated for a year or two 
and then allowed to regrow until the next slash-and-burn 
cycle. Shrublards are important sources of fuelwood, for-
age, and other praducts iii densely settled rural areas 
where forests may have been larg-ely degraded (r evei 
eliminated. 

"Deforestation" has several definitious. hIli ble 20.1, 
deforestationi refers to tile clearing of closed forested lanid 
and its sabseC(lueit use for )ermanent agriculture or set-
tlerient. It does not include other alterations, such as 
selective logging (fclosed foIrests or active iimlagenelit 

of productive stardid, that cal have stlusiatiaI irnitatts oin 
wildlife and its hab itat, watershed stability, aind the ghbal 
carbon cycle. 

There is considerable o0itruversy over the estiriated 
rate and extent oif tropical deforestation. (Ilobal reviews 
of defo restati O c,'Oiduted iii the ,arlv I9 7)s found 
smaller areas (If tro pical forest uid hi gher rates of 
deforestationr thali are .hown here. A nIew global assess-
ment of tropical f (rest., to be corinducted by FAD and the 
United Nations Eiviroiment Pro gramme, is planed for 
the late 1980s. In the future, satellite remnle sensilg may 
permlit continuous i antd railgelands,t oito ing oi forests 
but with poor resolution (,f(-getatioial adi geographic 
detail. 

FUelwood:ld ili'tSttl Alkld W tillil dahtat -lr 
coll)piied by cliffeiei" tlitot.ds ard therefore should le 
irlter)reted separately. (See 'leIt!21.2.) Ftleiviood anud 
charcoal I)rdUctiOni Cstillattes fr iiiaillNCountries are cler-
ived by multiplying the pIolulationll by Iatiunlial per capita 
CoiiSalriptiOll factoi,. ''hese factors were estinmated by 
:Al) in the early 1,98s alter aii extensive literotur 
review and limited field visits. Idustrial wood data, how

ever, are largely drawn,' from questin nnaires conm pleted by 
g,(veruiient agencies. lA() supplentets these responses 
with iniformation drawn from natliarl yearhboks, reports, 
arid un official sources. 

Industrial wo(d productio1n isconcentrated ir a few 
developed countries: 52 percent is Iroduced by the 
United States, the USSR, and Caada. Brazil, China, 
Indoniesia, and lalaysia are tile largest in(dustrial wood 
p)oIducers inthe deveol)inig world, accoun tin g for 14 per
cet (if global prdactiorL Iic(lstrial Wooad prlductiOn is 
increasing inre rapidlly ill clevelolpirg countries. Since tile 
mid-lTOs, U.S. iprIoductiol has iiicreased only 1 percent 
and USSR proIdluctioln has declined, utt Brazil's prodUc
ticoi ias iiicreasecl 93 percet and (l'hi ia's has increased 
53 i)ercelt. 

BlecaUse fixed l)Cr ci 1)ta Ctol sa rill)ti (I factors are used 
t)estimate fuelwo((Id in d charcoi. o(tulat for many 
ce,Veltpi)lg co(untries, (Iut[Llt trelids for tlese countries 
reflect only population growth. The dati cannot be used 
to arialyze the impacts (of increasijig ft el w,,cd scarcity, 
iapidly ch igilig settlemient patterns, rd fluctuatilrg 
co ill lercial fuel prices on fuelwood afad charcoal coil
sulliptioll. 
The ghlbal trod e in f(orest 1roduts. 'lhblel shownii 

20.3, is domiated by a few miajolr impcorters and 
exjalers. IlapiiaccomUits for ,40iercent (if all iuilud
wood,l imports: tileUnriled States, Malaysia, and the IJSSR 
provide 5:)percent ol all exports. Ca ada is tile source o 
'1 pence Ilt(If sawrwood exports, arid the United States 
imiports .11percent of the go)bal sawirwood total. 

Molly Ither data series that wNoufld be useful to 
pllicy makers are maissing from tilese tables: the volume 
and gr ,wth r,ite Of ecor t1lically valuable trees for timber 
pr(ductiona, the value of noIll w((d firest Iro ducts, 
chanrges in forest cunditinrs and in the compositio (If 
tlra Mod faulhi, tile nounimlt (If carbon dioxide released 
frimifrests ,an1d soils as a result of deforestation, anid 
iirforriatiu i Hireforestation and forest linarigement. 

lible 20.,4 preseits statistics Oil dcesertilication. The 
percent desertified" figures (which should be regarded 

as inforied estimates) indicate lhe aniount of land 
believed to have lost some of its original rhOductive 
Cailjpity. This productivity loss crll radl)e from I to 100 
percelnt. Qualitative informatior (il naii;!elarid conditions 
ili Middle countilries led iii Chapter 5,':asteri is Ipre.ie 
"lIiests illiti Rirgelarils. Similar iiforiation for African 
citit ies miay be found i Iorld Resour-'es 19(6, p)p. 
76-79. 
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.Worst C'~:d an Rangelands, 

Deforestation of 
Closed Forests, 1981-85 Managed ProtIected 

Extent ot Forest and 
Woodland, 1980 

(thousand hectares)(thousandhectares 

Average Annual 
Extent 

(thousand
hectarea per Percent 

Reforestation 
19808 

(thousand
hectares per 

Closed 
Forest 
1980

(thousand 

Closed -
Forest 
1980
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Open Closed year) per Year year) hectares) hectares) 
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0.3 
05 

X 

138 
131 

X 

31,917 
40 
400 

(> 
6,743 
5,430 
120 

Iraq 
Israel 

1,160 
20 

.70 
80 

0. 
X 

0,0 
X 

2. 
2 

0 
56 

0 
7 

Japan 
Jordan 

1,390 
10 

23,890 
X 

X 
X 

X 
X 

240 
3 

X 
X 

X 
X 

Kampuchea, Dem 5,100 7,548 25 03 0 0 0 
Korea, Dem People's Rep
Korea, Rep
Kuwait 

X 
240 

X 

8,970 
6,275 

X 

X 
X 
X 

X 
X 
X 

200 
152 

X 

X 
X 
X 

X 
X 
X 

Lao People's Dem Rep 5,215 8,410 100 1.2 2 0 0 
Lebanon 20 X X X X X 0 
Malaysia
Mongolia 
Nepal
Oman 

0 
5,000 

180 
X 

20,996 
10,000 

1,941
X 

255 
X 

80 
X 

1.2 
X 

4.1 
X 

20 
X 
4 
X 

2,499 
X 
0 
X 

959 
X 

330 
X 

Pakistan 295 2,185 1 00 7 410 15 
Philipones 
Oatar 

0 
X 

9,510 
X 

91 
X 

1.0 
X 

50 
X 

0 
X 

690 
X 

Saudi Arabia 170 30 0 0.0 0 0 0 
Singapore 
Sri ,nka 

X 
X 

X 
1,659 

X 
58 

X 
3.5 

X 
13 

X 
0 

X 
193 

SyrianArab Rep 
Thailand 
Turkey 

90 
6,440 

11,343 

60 
9,235 
8,856 

X 
244 

X 

X 
2.6 

X 

10 
24 
82 

60 
0 

8,856 

X 
2,220 

139 
United Arab Emirates 
VietNam . 

0 
l1,340 

0 
8,770 

0 
60 

00 
0.7 

0 
29 

0 
0 

0 
560 

Yemen 10 X. X X X X X 
Yemen, Dem , X X X X X X 

EUROPE 21,687 137,0105. X X 1,031 ~ 74,628' 1,732 
Albania 
Austria 
Belgium 
Bulgaria 

0 
0 

80 
400 

,1280 
3,754 
682 
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Ireland , 33 347 X X 9 298 0 
6,363 X X 15 699 162 
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Netherlands , . 61 294 X X 2 225 0 ' 
Norway, 
Poland 

1,066 
3y,8 

7,635 X 
X 

. X 
X 

79 
106 

1,130 
8,099 . 

60 
103 

'"'..Portuga.
Romania 
Spain 

.. , 

" 
349 
410 

3,905 

2,627
6,265 
6.906 

. . 
X 
X 
X 

'X 

X 
X . 

,4 

. 
X 
92 

X 
5.,940
2,007 

.7 

.. 
. 

X 
40 

Sweden 
Switze-rd .--

3,442, 
189,,./ ' 

24,400 
935 

X 
X 

X 207 
7 

14,301 
627 

230 
7 

United Kingdom 
Yugoslavia 

.151 
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0.0 
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Sources: UN Food and Agricuture Organization; U.N. Economic Commisson for Eur6pe; U,N. Environmenii 'Yra mme; and country data sources 
- zero or less than hal s0 not available 'the unit of measure; X 

For addiflonal Information, see Sources and Technical Notes ',, , 
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Average Annual Production (thousand cubic-meters)
Roundwood 
 Fuelwood and Charcoal Industrial Wood 
Percentage Change Since Percentage Change Since Percentage Change Since

1982-84 
 1974-76 1966-68 1982-84 1974-76 .'1966-68 1982-84 1974-76 1966-68WORLD 	 2.989,861 *14. 29 1,570,317 22- 37 .1,426,147 7 21
AFRICA 413,631 26. 55 360,888 27 55. ' - 52,467. i-21 '.i "i53Algeria 1,881 21 51 1,461 20Angola 9,061 15 40 	

51. 217 
2 517,663 16 39 1,398Benin 4,115 24 49 	 12 '463,902 24Botswana 	 49 215 24796 7 27 	 47729 5Burkina Faso 6,432 	 24 68 '37 8019 37 6,137 19 37 294 20Burundi 	 383,368 17 32 3,330 17 32 41 26 35Cameroon 	 10,369 20 47 7,994CapeVerde 	 14 33 2,432 54 " 136X X X X 	 XCentral African Rep 3,139 	 X X ' X15 52 2,658 20Chad 	 54 482 -4 433,405 19 39 2,923 19 39 482 19 39Cornoros X X X X X X.
Congo 2,262 26 21 1,510 

. X X X
23 4ACole dlvoire 12,055 15 68 	 753 32 -127,447 35 87Djibouti 	 4,606 -8 44X X X X X XE 	 X X X1.910 23 	 1,2145 	 23 45 89 23 45Equatorial Guinea 27 -4 
 444 15Ethiopia 30,359 20 23 28,562 106 - 79 
Gabon 19 21 1,797 37 722,571 -6 -2 1,222 6Gambia 	 16 1,349 -15 -13743 -4 21 723 -5 20 20Ghana 8,075 0 	 99 10624 7,284 21 49 764 -62 -53Guinea 3,626GuineaBissau 	 16 373,085 16395i5557 11 	 - 21 3923 422 7 16 135 24Lesotho 	 5529,20 39 89 28,413 38 87 1,407 44 125293
Liberia 	 13 35 ......... 26 	 293
4,199 53533733-42-7-3,23 1336 3542 476 19 246Libya 631 1S 57 536 10Madagascar 6,262 	 51 95 103 9718 39 5,455 10Malawi 	 53 807 139 -136,240 27 59 5,869 27Mali 	 57 3694618 22 	 32 9443 4,325 22Mauritania 	 44 293 20 3411 26------- 48 6 27 58 5 25 36Maurtius 31 -23 -1 23 3 45Morocco 	 8 -54 -481,685 30 103 1,120Mozambique 14,763 45 	

44 130 519 1 -4873 13,817 50Niger 	 3,701 24 48 3,473 
80 938 1 1124 48 929 24 48N.geri 89.303 35 76 81,943 32 71 7,360 96 153Rwanda 	 5,295 6Senegal 	 39 5.050 2 34 244,. 307 3393,948 30 68 3,422 30 69Sierra Leone 	 520 317,500 	 6614 27 7,360 14Somalia 	 28 140 2 -25,013 65 113 4,941 66 113South Africa - 19.614 14 	 65 26 6133 7,000 1 3 12,614 24 59Sudan 	 18,452 27 57 16,711 27 57Swaziland 	 2,223 -4 110 560 20 47 

I74 24 58 
1.663 -10 145Tanzania, United Rep 21,348STogo 
 58 20,121715 3122 67 561 2232 5570 1.227155 2028 2768 

Tunisia 
 2,695 22 43
Uganda 	 2,593 _ 22 _ _,_ 101 1111,813 30 	 _ 43 38166 10,266 30 68 1,532 23 51Zaire 
 31,661 26 68 29,114 26 70Zambia 	 2,344 12 349,685 26 60 9,192 26 61Zimbabwe 	 45'- 147,002 39 	 3727 5,653 35 18 1,32 	 , 57 88NORTH & CENTRAL AMERICA'. 628,210 24 33 152,357 . 164 159 475,852 6 5iBarbados - X X X X X X X XCanada 	 X149,214 . 3314 	 6,022 62 -17 143,192 12 37Costa Rica
Cuba 	 3,287 2 2,426n3,166 	 33 55 26 56 861 -33 5178 2,781 39 98DominicanRep 	 385 0 2957 109 133 951 116 171 6 -64 -90ElSalvador 4,503 26 61 4,403 26Guatemala 	 62 100 2926,819 20 5, 6,650 27 64 169 -62Haiti s 5,624 Y 20 42 5,385 21 45 239 0 0Honduras
Jamaica 	 4,933 i 19 46 4,250 32 .6887 45 22 	 663 -28 -2027 266 . 286 6,0 13 -6Nicaragua 19,930 16 60 13,161 25 62 6,768 3 56.3,405 20Panama 	 83: 2,525 27 642,047 . 28 58 	 880 3 172.	 1,708 . 17 .46Trinidad and Tobago . * 	 339 141 16965 -30 -41 . 16 -6 -21 50 -35united States 423,886 29 30 101,922 434 318 	
-45 

321.964 4 7 
SOUTH AMERICA '290,375~'.. 31. 65' 2 209,838,> 2 ' 47 ~ -8;8.',<7Boliia 157,732 	 '~ 4~22 37 4,896 '27 79
1,278 5 
 41 .1,103 23 
 . 50
Brazil 	 174 -46
218,494 33 	 4
69 160,933 20 46 
 57,561 93 195
Colo 66 5,896 15 313,854 3116,616 13 .	 7,958 47 '108
Ecuadr 	 30 13 943 19 442,673 -10923 39 84 . 5,792 	 -1245 . 83. 2,131 24
'K.' 	 Guyana . 200 -9 217 

, 4 
Paraguay 6,822 11 17 <42 '181 -14 '2241 69 4,410 172'Peru'773 	 37 2.412 130 1911 3657 	 2 1126 -43 
Uerezuea 	 2,974 71 98 2,758 88 105 	 -22 36Vnzea1,300 12 	

'216 

49 664 32 80< 636 -26
 

I,> -~djAVrrs18 

286 -



Frests and RAngelands
 

~7.77''Table 	 240.2 
Average Annual Production (thousand cubic meters) /' 

Roundwood Fuelwood and Charcoal Industrial Wood 
Percentage Change Since Percentage Change Silnce Percentage Change Since 

1982-84 1974-76 1966-68 1982-84 1974-76 1966-68 1982-84 1974-76' 1966-68 

ASIA 	 929,364 13 35 703,033 12 32 ,231,248 1 '' 47-

Afghanistan 	 5,697 2 16 4,252 2 13 1,529 7' 36 
Bahrain 	 X X 
 X X X X X X X
 
Bangladesh 25,787 23 5- 24,919 25 56 868 -14 -13
Bhutan 3,224 15 34 2,946 14 35 278 17 17
Burma 19,062 25 44 16,026 22 48 2,981 39 21 
China 230,296 19 47 154,636 10 282,1 53 122 
Cyprus 78 -18 2 21 2 -28 57 -23 20 
India 234,556 19 45 214,619 18 41 18,679 13 82
Indonesia 144,735 18 63 117,044 18 42 27681 19 313 
Iran _____ 6,727 2 -3 2,351 3 37 4,376 1 -17 
. ,rq 133 16 46 83 28 - 32 50 0 76 
Israel 	 118 177 -3 107 23
20 	 11 6 . 231 
Japan 	 32,815 -11 -43 582 -37 -92 32,233 -11 -36
Jordan 9 -10 59 5 f.. 67 -4 -33 O'5 
Kampuchea,Oem 5,050 -1 2 4,4a3 -2 7 567 10 -24 
Korea, Dem Peolple's Rep ---- - 16 414-__C6 004413-	 3,814
Korea, Rep 6,692 -18 -34 4,394 -22 -45 . : 2253 -11 5 
Kuwait X X X', X X X X X
Lao People's Dem Rep 4,140 22 52 3,889' 23 51 244 9 61
 
Lebanon 	 488 -3 18 444 -4 16 24 20 60 
Malaysia 40,079 35 104 7,244 21 48 32,833 39 122
Mongolia 2,390 0 45 1,350 0 35 1,040 0 60 ,:.
Nepal 15,098 20 43 14,538 21 45 560 0 1Oman 	 X X X . X 	 X X X . X 
Pakistan 19,364 _ " 28 59 18,759 28 59 600 25 74 
Philippines 34,996 5 16 27,889 22 51 7,100 32 -39 
Qatar X X X X X X 	 X, X
 
Saudi Arabia
,i:Singapore. , 	 XX XX XX XXXX XX XX 	 XX XX 

__Sri_nka 8,344 17 35 7,648 16 35 692 36 36 
Syran Arab Rep 40 -6 6 it 129 174 ,30 -22 -12 
Thailand 39,913 14 40 35,720 20 49 4,185 -20 -7 
Turkey 20,514 -50 -35 14,125 -59 -49 6,389 -6 61 
Unitedrab Emirates X X X X 	 X X X
X X
 
VietNam 23,886 22 46 20,705 20 43 3,188 36 70
 
Yemen X X X X X X X X X
 
Yemen,Dem 270 22 44 270 22 44 X X X
 

EUROPE , 338,064 S 7.., 54,51g 5 -30 283.545 5 - 9. 

Albania 2.330 0 38 1,608 0 40 722 0 33
A 13,750 14 20 1,413 41 -1 12.337 12 24 
Belgium 3,021 10 7 538 148 131 2,483 -1 -4 
Bulgaria 4,818 3 -10 1,732 68 .35 3.086 -16 -24 
Czechoslovakia 18,976 15 34 1,465, -18 -32 17,511 19 45 
Denmark 	 3,302 103 49 
 367 365 61 2,935 90 48 
Finland 38,980 12 -5 3,233 -48 -65 , 35,746 25 12 
France o 38,252 0 2 10,420 -3 -27 27,832 1 19 
German Dem Rep 10,588 56 48 9,893 6429 	 695 -6 28 -'!-

Germany, Fed Rep- "- -- 28,648 -8 1 3,933 30 -9 24,714 -13 3 
Greece 2,668 -1 -7 .1872 -6 -24 796 12 91 
Hungary 6,330 14 41 2,761 12 17 3,569 15 69 
Iceland X X X X X 	 X X X
 
Ireland 1,127 229 252 46 175 -5 1,081 223 298 
Italy 8,764 . 34 -28 4,364 38 -2 4,399 30 -43 
Luxembourg X X' X - X X X X 
Malta X " X X X X X X X 
Netherlands 913 10 213 357 817 1-4 96 	 -11 
Norway 	 9,892' 5 22 799 55 -15 9,093 2 27 
Poland 23590 8,. 34 2,889 62 56 20,701 3
 
Portugal .. 8,524 13 42 500 -6 -70 2,024 15 85
 
Romania 23,373 9 0 4,565 -15 -41 .18,808 18 21
 

1 	 Spain 14,131 18 6 " . 1,746 . -31 -79 12,386 31 151 
Sweden 52,428 -10 . 2 " 4,424 '4.75 '21 .48,004 -14 1
Switzerland 4,415 12 8 . 897 6. -25 - 3518 11 22 

i United . . 3,993 14 22 140 ''""..30 . -66 3,853 '17 35Kingdom 

:'--::15,232 9 -13 3,996 33 .."'47...-. .1",236 , ',11 13 

USSR, 355,700: ,- -6' 2'~.81;300::,& -2 ~15p 	 -3 7' 

Aus ralia " - . * 17,2162 ' 23 33 , 2,472 135 65 14,690 17 28 
4i Fiji 202 22' 81 23 156 60 180 15 85
 

P aNewl ea 9,547 , so5 -90' 8
Ze 	 5 '38, -80 9,497 48fajpu Ne Ghe 6,910 '17 61 5,533 .16 41 1,724 52 365
 
boiorron Islands - 512 20 119,~.. 210 ' 12 39 , 302 26 265,
 
Source: UN. Food anid Agriculture Organization, '" , ' 

0 . zero or less than half of 1 percent; X - W available,
For additional informaton. see Sources and Technical Notes, 

! '4 '44 
tC' 1)97 
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Average Annual trade (thousand cubic meters) 
Roundwood 
 ". 
 ",,awnwood

Imports _ Exports . Imports .. Exports
1966-68 1974-76 -19,82-84 1966.68 1974-76 1982.84 1966-68 1974-76. 1982-84 1966-68 1974-76 1982.84WO•LD 68,223 108,304 106308 68,845 109,223. 103,290 ' 49.877 59,940 77,571 51,056 60.974 ,, 81,333'. AFRICA 1 544 560 901. 6,354 6,278 5,293 1,552 2;3 

28 4,272 . 909" 1,010 761
Algeria 27 63 237 0Angola 0 0 175 454 1,084 0 00 0 0 129 42 0 
ameroan 0 2 0 0 23 12 00 0 0 310 573 627Cenlal African Rep 0 0 0 0 0 35 114 1180 14 114 85 0 0Cng° 0 9 41 37O_- 0 0 543 183 213 0 O 10 6 19 27Cote dvoire 

Egypt 1 0 0 2,205 2,909 2,242 0 0 O0- -184 --- "-60 78 264 0 .' 265 -34:7
Equatorial Guinea 0 

0 0 339 475 1,711 0 0 00 0 436 18 71 03abon 0 0 11 1 30 0 0 1.224 1,218Ghana 0 1,276 0 0 0 25 5 70 0 517 406 63 0 0 0 203 158 47 
Loa 0 0 160 3 10 11 4 0 23 5 3-


Libyra 1 0 0Libya 59 40 74 
29 331 212 2 0 11 0 Ill 12Morocco 
 145 222 144 0
0 0

0 
0 126 324 200 0 0 00 143 271 425
Mozambiue. 0 0 0 . 4 02 


migerua i. 0 4 
. 6 3- 11.2 01 51 158 30 402 128 10 0Somalia 0 0 62 140 10 0 159 0 0 0 

2 
South Africa 10 1 0 096 56 34 021
Sudan 1 0 0 

30 119 372 434 326 16 13 33
0 0
Swaziland . 0_.___ 5 72 79 190 271 
0 67 

) 
39 80 0 0 0


2 0 28 89
Tunisia 7621 '- 49 28 41 00Uganda 83 158 284 0 0 0100'., 2 0 0 0 0 0'Zaire 9 '0 7 2 00 0 0 66 37 75 0 1 0Zambia . 5 34 25 234 9 0 0 0 59 35 6 .17 0 0
NORTH & CENTRAL AMERICA 6,257 6,014 6,432 16,408 22,717 24,798 14,322 19,531 19,012
29,736 24,203 38,634 
Barbados 4 4 1 01.972 , 3294 3,378 5,419 2,879

0 0 27 39 40 - 0 0 0Cuba 4.775 704'il' 5.' 0 0 1,490 1,266 15834 19,337 33,213Dominican Rep 00 
0 0 311 567 451 0 0 00 t '41 1 0El Salvador 1 . 

0 38 278 86 0 0 0-O0 0 0 70 393Honduras 0 0' 0 0r 0 18 17 9 1 0 0 451 477 295JamaicaMexico 3211 14 n915 1 90 142 77 163 282 21120 83 115 77 1B0 110 - 0NicaraguaTrinidad and Tobago 3 3 0 62 1 9 4 0 0 0 0United States 0 0 0 42 26 201 402 941 804,223 2,656 2,955 10,588 19,662 19,988 12,850 16,687SOUTH AMERICA 27,178 2,640 4,221 5,077309 151 .152 462 150 1,031 . 902 " 719 848 1,539 1,167 1,719 
Argentina 
 231 11 11
Brail 4 0 3 755 422 289 1 0 10 81 30 85
Chile 58 33 1 113 317 1,260 550 544 
Colombia 3 6 0 0 8 9410 0 0 57 13 0 0

1 0 0 73 250 753Paraguay . "0 1 69 32 20 0 0 246 2 0 0Peru 1 0 36 150 317a 11 1 0 00 84 37 23 7
4 7
Urugjay
Venezuela 37 15 0 01 13 109 1 00 0 488 25 23 10 121 194 0 00 00
 
ASIA 33,705 63,384 60,375 18,697 
 36,137 . 24,977 3,299 6,425 9,965 2,069 4,880 7,232
Bahrain 4 18 79Burma 0 0 0 15 44 48 2 00 0 0 75 0 
China 70 108 0 0 0 . 1,380 4.730 9,456 64 106 92 103 
Cy 'US 56 77 0 24 422 10 161 673 6 00 0India_ 36 18 58. 0 3 1. 32. 10 1933 50 22 ,14 2 17Indonesia . 11 0 00 36 0 799 17,529 3,221 1 1Iran 35 123 118 11 0 

0 8 443 1,7470 . 87 173. 285 '0 0 0
 
Israel 94 35 6 I0 0
raq ------- . .2,077118 145 4,9150 0 0 . 

Va
0 

51 293 357 0 0 0
0

_2B 50377" 34 19 09 191 ,74 47605 0 0228 414 294 

-a- -6Jordan \. 253--- 56-.- -3517 1 3Kampuchea, &em 0 0 0 53 48 82 0 0 00 0 82 ',i ;.6 0 00 6.Korea, Rep 02009 5,465 6,042 0 ( I.[ 

8 0 0 
Kuwait . 80 84 40 

0 20 111 12 '1 228 151

Lebanon 19 17 17 116 145 104 , 1 27
72 42 31 6 570 0 130 204 ";_67 '__0 " 2_ 5 " 
Molaysia 
Nepal Mogla0 

99 282
0 

a6 
.. 

9.408 13,737 18,962 24 122. B4 . 926 2,407 3,3770 .O 0 94 65. 0 *0. 0 .174 168 126 0 0 .0 0 0'0 67 83
Pakistan 5 028 35 .23 


-- 3 
' 0 0 0 207 .38Phihippipes ------ I _ .64 140 0 0 04 4 1 453 0SaudiArabia 0 12~3 34 24 '70 238 0Sin apore : , 1.540 1,304 614 

0 .0.. , 47 341 1.304 0 0' 041 44 172 i 177 -808 1,039Sri anka 538 ' 886 . 8522 0. 0 88 '1. 184 7- 1 6' 0 0'Syranrarep , 025 28 76. '6 
. 3 9 '102 142 131. 1 ' 6, 0,Turkey ,'. . 59 46 2 11Vie.m 14 73 0 '"-1 2 8 27 6'.16 22' 41. 0 '0 0 19"Dem .' ' 0 1 3 30. 0 . 0', ''5 0 . .Yemen,., 1r. 43 17' 29 9 0 . 0, "'p 
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1~j'<~~7~iTaabl~e 26'~ 

'Impoft Exports Imports Expori 

i'_t" " 4 1966.68 1974-76 1982,84 1966-68 1974,76 1982,84 1966-68 1974-76 1982-84 166-68; 1974-76 1982-84 

EUROPE . ' - 'a" ''26,691 ',' 37,854 38,213 ''12, 96 '20,282 .:22,265, 21( 4 29,457 31,326 19,174 A21,167 25'162 

aa53 231 760 2,903 3,329 3982,Auslr.ia 1,003 . . 2,893 a-3.,185 435 735' . 727 
Blgiam 1,226, 2854 3,609 407) 422'. 996 1,032 1,29, p1,316 4 142 300 

1149Czechoslovakia j " 16 94 78 1,315 2,462 2,317 167 190 134 712 !803 22
Denmark-. 182 1 178 274a '. 437 1,306 1.063 1,265 '1285' 105 92 'a 

1 a 4 . )5 5 ,42 1 6,55 1 ,-'- 754 '.a 63 5 'a 975 , 14a' , 21 261 1 3,744 3 ,677 4 1 

France '2,422 3,027 2,145 2,138 3,040 1710 ,)211 2,297 715 1-i9 793
German Dem Rep ' 1,006 901 827 ' 9 434 ''1'192 1407 a 1,629 1,355 91 >g'a53 13 

Germany, Fed Rep ' 3'3,707 3,180 '- 3,312 995 4,121 ""3061 3331 3214 4,573 , 433 ' 1,0821' "'946Greece" 170 280 190 0 1 0 406 364 '364 0 :'f' 6 7 

Hungary a 1,3822 1,800 1,202 280 8139 990 ' 987 1,104 i 739 '194 'a 275 110 
aaIceland ,4 8 .7 0, 0 0 '53 5/ 68 0 0 0 

Ireland ' '' 30 40 30 0 28 433 345 408 347 3 8 73 
Italy ,a'"'.t'7 ""' ' '4,405 5,983 5.178 ',, 27 14 12 '3,641 4,183 '4,927 ' 22 ' 55,, 84 
Nelheands 'ia'),'' ' ' 1.163 1,099 ' 80,_ ___334"' 716 621 2,70: 2,932 2,789 28 111 251 
Norway 2,917 2,223 " 252 310 7 , 297. -89 520 75 ' 360 422 
Poland 211 i53 175 44' 1,139 1,449 205' 1-i241 181 791 650 529 
Portugal 1 '342 368 : 80 1185 357 ,a' 32 23 23 379 ,'!489; 991120 
Romania , ' 4 P01 ' 130 \$ ." 991 4 'r 204 '.' 0 0 62 2,274 1.308 a!1. 174, 
Spari ' _______4,Yl' 1,228 ' 970 62 135 ' 646 806 1,244 958 27 'a. 85 '271 
Sweden a 596 2,773 4669 .2,803 2,287 1,839 175 195 141 5,655 36,470 ' 8,012, 
witze'tand" 545 806 ;819 408 ' 834 691 367 278 566 72 134 99 

K"UnitdKngdom 1,130 ,' 571 417 . 15 * 52 , 515 9,450 7,626-. 7,524 " 4 48' '55 
a Yugoslavia , 300 1,376 1,225 603 95C 591 60 228 181 1,0437.8 877, 

,,USSR'I K'..a' a'' 'a.a"''','42' '264", 225 a")13,057 '18,639 A16,287 A''"284C '325 ""'312 ta'aa'8,0341 a8,214. A7,2d9.9 
3 
' aOCEANIA " ~133 78 ' 10 a'1,145 .~'5,021~ -,a8,639 ;'.906"',116C112'.t"20,: p 5 5 ' 

Australia . ' 116 65 ' ' 2 27, 2,A95 ' 5,896 '787"" 1,068 1,012 60 65'a 45
New Zealand 17 12 92 1,337 1,174 62 41 28 128, ' 215• 440P 0 568 1,281 :;O :. :i 1, 
, Pa'New GuineaAa ' 0 ,' 0 0 ,107 58 121 2 '0' 0 '13, 43 21'
Soo n Islands 0 0 0 '" 79 220 283 '0 0 0 0 1 8 

-;Source: U,N. Food and A ricullure Orga'nization. . ' a a a ' 
'0 o.= zero or-less tha!i one alf the unit o1 measure; X not available. a'. 

For addilional 'nformation, see Sa0rces and Technica 'Notus . .' 

Table,20.4 Extent of Desertfition, Ear' 1980S 
Productive Dryand Types a', "' 

Productive Drylands Rangelands Ralnfed Croplands I''lrrlgated Lands , 
Total 

~',Area a' a " a' Area Area ,a .a' ,Area,~ 

(million'' - Percent , , (million Percent (million Percent (million .a Percent 
hectares) "', Deserltiled ':, hectares) Deserlifled ' ' ' hectares) Desertifled hectares) Desertf.led 

SLanoSaelan Africa 473' a 88 380 : 9 90:0a , 80 3 .' . ,'.' ' 
So..Lhe..Arica 
Medite,raran Afrca 
Western Asia 

304' 
101 
142 

s 
a 

2 
'80 

250 

116 

80 
85 
85 

52 
20 
18 

)' 80 . 
75 
85' 

.. 2 
1 a 

30 
40 
40 

Southern Asia 359 70 .' a 150 85 150 ,' ,'70, 59 35,) 

,aa'' USSR in Asia, , , 298 ' 55 '' 250. 60 ' 40' ''30 '8 a25 

China andMongolia ' 35 69 ' 3W300 : 70: i " a S' 60 10 'a 30 
Australia 

Medierraneaurope 
South America arid Mexico 

:Norht Ameica 

4f?' 

76 
293 
405' 

2,3 

a39 
71 

' 40' 

' 

' 

'450 

3030 
250 

• '2 300 ,42 

22, 

30 
72 

t 

, 

39 

'do40 
31 

a,',-85' 

30' 

3232 
77 
39 

2 

6 
12 
20 

19 

25 
33 
20 a' 

~Source: UN Environment Programme. ,''~ "' aa 

For additional informaton, ,oe Soices and Technical Notes. 
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Table 201,forest Resoures,:i. Assesment Project (AO Rome, 1981);FACI Wsintn D.C., Augu:st 1979); Reforestation 

Source a ndl, ITecnical N 

iso ao datafo Yu?'avi S'jaliflk Fe'aral-'aand~ Unte'a tin cnmcCm 
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,a'Lnda," 

' , 

a 

a ""'a""', 
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Reordta or Chn 
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Forests and Rangelands 
|)lalltltiOlIS alld iclIdes stoiits that have 

o,i, degraded to some de.ree by catastrolpi. 
fir(-, logging, or a.4riculture.g'ces 'ae distin-
guished from shrubs oii th, basis of neight a 
mature tree has a single wefl-tilfined stem 
and is taller than seven ltyS, aid a IlliltlIe 
shrub is usually less than seven mels tall. 

Ill this table, deforestation refers to the 
clei:ring of closed forest laonds and its stLhe-
que t use fir perm anent agriculture r settle-
lients. Otther alterations ot included here. ' 
such as selective 10gg.1g alid slash-aind-htlrii 
agriculttle, (aIX)situstaiitiialy affect firests, for-
est soil, wvildlife anIt its I~itiat. and the glihal 
carbon ccle. Topical deforestatiohu is aia-
l-i.ed usinl atbroader ietillitoni ill Normnaii 
Ntyers, 7/il'Il' ltYi' Sioon. ' JNortoli, New 
Y irk. 19 -4). 

Reft restatioli rets to the estatulislilmciit or 
tilailtatioics fir iiilstrial at nouindustrial 
uses. lPlantafion , are fiiriid in two wayt': k 
Uf1OresNtl1On, fiolest Staids estaitiset'd artif-
Cially Oi Idnd that was previiusly unftire;t ,d.
aild i)y reafforesttiorl, forest stanids estab-
lished artificially ol land that was forested 
within the lpas, 50 years (or witiii living 
llelnory) ill which theilt' i 05ls c(il ) has tiiiii 
replaced by a new and ess.nitially different 
crop. Reftorestatiin itoes not inclu ltv'ilit rae 
tiol) ot )lit crops (through eithe limitir~l 
rt'eneratio or forest ilailnagt:iitelit), idthougl 
Oillie ('iUlitries Ily hav ithvirted rig,,iier-

tio as rciiresuati)ill. Reforestatiol data fir 
Chhia Jordaii. ild Yugioslavia are official 
i'atii,nal estilIates lod they iiclute :iftursta-
tilmidwta retstatiiu .or ill] countries, 
large aiii()tllts iif tree tilanitiig are iindiertaken 
1or niinaidustrial uses, sl:c.I as village wood 
lots; reforestation datiloftei exclud, this col) 
fxnent. 

The FA()/UNIT' astssinent surseyed the 
moist tropical forests ot 76 cuities. klat, i.l 
the study swere collected friimi research insti-
tltes; correspondence with il,, oristry sirs-
ices o most of tit countries: visits til national 
forestry. land use, alnl survey institutions il 
Sulilie(if the major forestry countries and t( 
FAO regiiial offices; tphitiographic surtvcs if i 
all or tlart ot fite omuntrivs; satellite imaiery 
if llt or part it 1t countries, aid side-lul.:ini g 
airboriiteradar sti,'eys t ftu r additiOlLll
coiun . Three imitries (Buruu, !thia,ani 

oI'tru) ppare :heir osswInuu Illnational reluurts 
niaiiy cases, tAO adjusted data t fit (tll li1i0 
definitions and to correspondit tI base year 
of 1980. 

The t.()/UNifl' statistitS wvtre j;lettPd 
because of their intrlstma tis'erag,, rl,t-

tive tiieliness, ,,nd e.nsxvti ('ulleiltaltihl. 

R-'ie so, their quality uaries collsidelalIy 

alo)g the countries. D[tu[foestatiui i stimates 

are corisidered reliable by EA() for 33 iof tile 

,S countries for N,llit(l+Itda iol ehto)ll tPt o 

t-

Cures were doituin l eid. 


The FA()D/I-(. survey ucitied ill type., t 

firests in tie 32 hnmfte counitries ot thct 

RE(.IData florthis studs wter't drawn from 

Ifour types of si ces: official data supplied in 

response to questionnaires., estil'ttes by 

experts ill some tuuntries, tettit REiIi
afd 

FA() lublitiolls, otItry ri lOrts, and oflit al 

articles an(1 estimates by the Jilfessional stalff 
conductinlg the stldy.Mt data refer the,t to 

period aroulld 1980, tult io alteipt was niade 

to adjust tie data to a Colmimon aseline year 


For ali etvalldliillin and ttliled comnparisoll 
Of hrest statistics, ste Alan Girainger, "()iall-
tifyiig ('hanges ill torest (over in i the IJun id 
lropics (,vrcoming ('ni-rent limiiations." 
Joiali Of lhd tin,sf 1i'soirce .,tai-
ment, \'lo. I 1(1984), pp. 3-23; and JAIMu-tub, 
v/Il, 'uA (omparison of twii Recent -sfimiales 
of D isturbance in Tr ipical u-orests" An usinm 
oie/tul ('wisei 'iofi, V.. 12, No. I j1985). 

T alhe 20.2 Wo o d Produ ctiGn ,

1966-84 

Sources: Uited Natins F-ood tit(t +\gri-

tuir (tr (F-AO liiurhok i!
aiiizatioi I), oft'0' 
ljP-,dut'-' 198.1i.(EAt), Rome, 19Si); andiPA. 
\Widlt, lurestry DI)parthieit, F(\t 186 (pler-
solial coliulillliicatiin). 

Iiltal n iuldwiWud refers to all Wo'lod ill tint 
iugh. u lit-thtir destined frlt indiistrial uses oi 

Litli i as tel'woito 

ut-lwiC itt lelues at1 riiLih '..+,t used for 


toking, heiiing, and p<we-r produltio. 

\Wod iitev(red ftcr charcoal prioduction, pit

kitns, and portable u,ens is includled. 


hIlhustrial roundwouid refers to all rounl-

o t piniu ts uthtr than !uelwuo, andt Iha-

cuall: sawligs, Vi-leir togs, sleepeis, liprlps, 

iUAliWit)Od, ld ither industrial prosutts 


FA() conthiles forest pr ttut datatlh iSt'(itIIleit 
ri 1)iiises itom)it iuulol ltstia itlmioires sent ti 
latioilnal gterlnllelts' )ata fronm other 

Sioirces, silh is ilatoal statistical ,+'arbiiks, 

.lit also used. and ill sole cases FAt) tl-

pales its owo estimates. FAt) (ituillUotsy 

revises its data using les'w ilformnation, Ift.P 

lest figures are subject to revision. 


Statistics 0ii te production of ielvtd ant 

charcoal are lacking for mdiy couintries. tFA( 

uses )oulatioin data ni t couitry-spetueci per 

'X,,pita cionisumnptiol figures to estiniate fuel-

soitd all charcoal production for these c,'on-


tries. Ciuoiipt" in oi nonliconiferous l wketwi
,id 

rallges troill 0.0016 cubic mueters per capita 

per year ill Jordim tii 0.9783 cubit metrs per 

capita ptr year ii Blnin. Colsuin 1)tiu: was 

'iasi estilniatd flu, colife ios fliehsou ud For 

fitri (iliftous lldd iioncoliif,rous fleit.'od, 

lhi- per capita consum ption estililtitus tesirtification 
Imiltililied by thi' mf)er (if peple iI the 
tiuntry !o uletLrliiiie national tutals. 

Tab~ P0.3 Trade in Fore-st 
Products, 1966-84 
Smurce: PA - Varide, Forestry, ),pairtment -imaniy 


tnited Natiins Food and Agriculture Organi-

/ituoun (t-At)) 6 (ptrsonal tInILIlicatiol). 


liade iii roundwood includes sawlous and 
tvieer logs, fuelwvood, )lpw,'oo(d other indus-
trid iotu)ltldio'd, aiil the rmuudwood '(quiva-
leilt if trade inl charcal, wood t'sidies, alid 
chips a id parti'l, 

Traded siwiod includtus sasws),old and 
sltt,(1ers IN'hs category cump|rises isi cid that 
has bCeli sass\n, plamed, or shaped into 
I)rOuduts suLh as plaiks, beans, boards, 
ralters, aindhraihtiad ties. With few exceptonr.,. 

i [hall 
'out'tritLs shO tilumprist, 99 pencet of all 

imtdwm trade. Regional iatd world to~tals 
illillide i(,uitrii-s lot Shoni ill the table. 

-,11trade data utler tiubhotfi coniferous aid 
ijoicuiferuis wiood. 

sii \Viwiuoiis thicker five iillimetrs. 

il t ar usulialhiol; ,I tt, t iillstliCt', 
freiglt Isis. txptris ar- usally ii ;i tree-oin-
fboar( ais, 

I'A( onipil,,s woosd trade data frm 
ivsri)le. to aniial que.tionnaires stilt to 
oational g ernlts. Additional data are 
ithr, tron national statistical yearbooks, 
traiith' vialtd iiks, mid tra(ling partner sources. 
til ' oitiiiiiousl). revises its data using hewI 

omhornuin, tie itest figures are subject to 
liesioll. 

I ort ti.r itetails, refer t> I-At)()eiurbook
44 fin st Il odu ts 19" 1 (I,\() Rom e, 1986). 

Tabl e 20 .4 Et en t If n ie I ca)
Table 20.4 Extent of Desertffica. 
tion, Early 1980:3 
Source: Mal)llutt I.A.. "A New Global Assess
meit if the Status and ltnds (i I)esertifica
lJo at iounmerinul C ilrrotih, Voul.It, 
Ni2, ). Wii (1981I 

),sertiic'atioi tit diiinutionii or Ik-struetioll 

ft tiiiebilogical odidctivity of tntiitd clanll 
ultimately 

this tlale, ttie deilition as appllied only to 
the, wurlis drytalds. hyperarid. arid, selliari(d, 

leadu tii deSert-like coinditions. For 

i;t( subhtmi zonis t loiw u;, v,ariable rain
fall. These regi Ims art inhet . by vulnerutile 
to Nater stress antd drouglits, and 'hey are 
patti( larly,v vulnerablh to deterioratiu result
og lloill uisustaiiahle hunuan use uit thel ld. 

[)e+ertifictiii, ,iaeneralty associated with a 
Of iltt'rIitivte pricesses: iipoverish

letlt if ai1(: ri'hlectiiii ill v'eetaltive cover; 
txpostlir, tf tit, soil surface tol accelerated 
%tl fit(] ws,.ater eosioll; reihuction O the sOil's 
oirganic matter anI llutrielnt Coltet; alld 
dettri ratiouif the structure moisture-hlding 
Iapacity, anit ftrtility (i tile soil.
 

Tihe principal indicaturs used to assess
 
desertitication include deerioration 
 of ralig , 

lal(, deterioratioti of rainfed croplands, water
logging and salinizatiol li irrigated lanids, 
deforestation adrt destruction of woody vegt'
taltion, decline in availability arid the quality 
of surface anti. groundwater, ad eticroach
lileilt aind groswth of sand sleets muuddutes. 

Moiderate desertificaion generally implies a
 
loss trfprtumvity of ;ssthaii 25 percent,
 
se'vei desertifucation caues a loss o produc
tivit, ltf 25-50 percelt, aid very severe
 
dvi causes a loss of productivity of
 
lt,'er .,() pereent. Tlhe "percent desertifild"
 
LstId ill this tabl' is the fractin oni the
 

prcttve Ind type thait is oderately tolI)ata fr this tall, ivre clmtijiledfo 
suices, and they involve _.trapolation 

from partial data. More than It0 countries
 
afft-ctet by desertifitioln received questinli
nairls from tht Unitet' Ntionls Environment
 
ProIa m e (LUNI' P) r luestin, inforniation on
 

r sterly t'se'rtMcit'r. frni 

" 
laud us- patterns, the status and trends o 
dest-rtificatii,, anid actions takeni to combat 
desertitication. 'lIuventy-five countries sulmitted 
I'xtensiv- reports updating earlier studies con
(rtefd fr the Uiiited Natiionis Conterence oil 
l)e.-rtiication (UNC()D, 1 77). (For additional 
inorifniti ltoiltie INt iI), refer to Chapter 
5, ""orests aiiil Rull;ilJalids.") RegiOnailasses
mt-ils went- prepated by U.N. regiolial Coln
missions (incluliog the U.N. Sudaio-'Sahelialn 
offic). )ther published a)i1 timiplblished 
wiks by fit'e Unitt., Natiolns Educational, 
s'ii'tilic ,ti Cultural )rgan iat)ion, the World 
Mi-ter+oiugical ()rgaizatioii, tllhe United 
Nalils F(od allid Agricuttte Orgaizatioo, 
UNIEP, alid others were used, Refer Io these 
sotives for further details on data ald methods. 
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21. Wildlife and Habitat
 
Wildlife resources in many countries are under pressure 
as habitats are degraded by human encroachment. This 
chapter presents data on national and international ef-
forts to protect natural ecosystems and on the number of 
vertebrate species threatened with extinction. 

Three international networks of protected areas-
Biosphere Reserves, Natural World Heritage Sites, and 
Wetlands of International Importance-include natural 
sites judged to be of worldwide importance. (See 'Table 
21.1.) Biosphere Reserves are terrestrial and coastal en-
vironments that have been internationally recogn;eed for 
conservation and research on the interactions between 
humans and the environment. A major goal of the 
Biosphere Reserve program (managed by the United Na-
tions Educational, Scientific and Cultural Organization 
[UNFSCO]) is to establish a network of representative 
samples of the world's biogeographical provinces. Each 
province is a geographic area characterized by distinctive 
groups of flora and fauna. As of October 1986, 261 
r3iosphere Reserves had been established in 70 countries, 
covering about half the provinces. 

World Heritage Sites are natural or cultural sites of 
"outstanding universal value' identified by individual 
countries and recognized by the members of UNESCO. 
Sixty-nine "natural sites" in 32 countries have been estab-
lished. The 42 countries party to the Convention on 
Wetlands of International Importance Especially as Water-
fowl Habitat (Ramsar, Iran, 1971) have designated wetland 
sites that are of global importance. These sites, as well as 
other wetlands, are essential habitat for a variety of 
planis and animals. (See Chapter 18, "Land Use and 
Cover," Table 18.2.) 

Countries choose sites for inclusion in international pro-
tection systems from those sites already protected by na-
tional law. Therefore, the sites protected in national and 
international systems cannot be added together to arrive 
at a global total of protected areas; many sites would be 
double-counted. The number and area of nationally pro-
tected sites are not the same in Tables 21.1 and 21.2 
because more recent, unpublished data were used in 
Table 21.1. 

Table 21.2 presents data on nationally protected sites 
classified by biogeographical realm and province. By 
organizing the world's protected sites in a biogeographical 
framework, resource managers are able to identify which 
provinces are adequately or inadequately represented in 
the protected area system. Most of the world's 193 
biogeographical provinces are protected to some extent; 

however, in 1985, 15 had no protected sites, and 36 
others had less than 100,000 hectares protected. 

The total area of each provincc has not been 
measured, so the fraction that is protected cannot be 
determincd. Because the Drovinces vary greatly in size, 
the total area of the protected sites does not indicate 
how .. a province is protected. 

Provinces are useful units for identifying gaps in pro
tected area coverage globally, but finer distinctions are re
quired to ensure adequate protection of ecosystems and 
species at the national level. Because many biogeogr,'.phical 
provinces encompass a wide range of biotic conmmnities, 
a protected site within a given province may not ade
quately protect the diversity of species found there. 

Assessing the quality of protection is difficult. Sites of
ficially designated as "protected" by national authorities 
may not be well protected or managed in fact. Manage
ment goals and enforcement practices vary widely within 
and among countries, and many protected sites are being 
encroached upon by settlements and polluted by industry. 

Species may be threatened with extinction throughout 
their international range ("globally threatened") or within 
the borders of a country ("nationally threatened"). Table 
21.3 refers to nationally threatened species; Table 21.4 
refers to globally threatened species. Although species 
that are threatened in one country may be abundant in 
another, many countries try to ensure the continued sur
vival (within their national boundaries) of all endemic 
species. Some threatened species are endemic to a single 
country; they are listed as both globally and nationally 
threatened. 

In general, data on the number and status of mammal 
and bird species are better than those for lower ver
tebrates; information on invertebrate and plant species is 
limited, and data for these groups are not included in 
Tables 21.3 and 21.4. 

Data on threats to wildlife and habitat are essential for 
evaluating the long-term viability of species and natural 
areas. However, iniormation is lacking on the extent, rate, 
and impact of habitat destruction, and data on the 
impacts of pesticides and other chemicals are similarly 
limited. The economic value of wildlife to indigenous 
people, necessary for understanding the complex interac
tions between people and their land, is largely unquanti
fied. Some information is available on the economic 
value of wildlife in commercial enterprises (trade, tourism, 
ranching, cropping, etc.). (See Chapter 6, "Wildlife and 
Habitat') 
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Wildlife and Habitat 

Table 21.1 National and International Protection of Natural Areas, 1986 
International Protection Systems 

Natural 

WORLD 

National irotection 
Systems 

Number Area 
of Sites (hectares) 

3,514 423,774,398 

Biosphere 
Reserves 

Number Area 
of Sites (hectares) 

261 138,917,074 

World
Heritage 

Sites 
Number 
of Sites 

69 

Wetlands of
International 
Importance 

Number Area 
of Sites (hectares) 

353 20,059,723 
AFRICA 

Algeria 
Angola 
Ben2 
Bols,,, 
EPtirkrr iL,-, 
BwlT, 

C c Verde 
,t0 ,l,, Hp 

Cl ,mo 
Ur11 
C,Ie !PrOO ' 
E ,t 

Iluri G,fn!, 

I 

443 

5 
5 

6 
6 

0 
15 
0 
7 
1 
0 

10 
10
0 
1 
0 

10 
5 
, 

88,662,296 

226500 
5i1 700 
813 500 

1164.1 000 
68 1 00 

0 
'226200 

0 
3.90.000 

1141.000 
0 

1353,100 
1865,000

0 
17,094 

0 
3027.500 
1,673,000 

0 

39 

1 
0 
I 

1 
0 
3 
0 
2 
0 
0 
1 
2 
0 
1 
0 
0 
1 
0 

19,857,799 

7200000 
0 

880 000 
0 

16 A00 

0 
650 000 

0 
1.610200 

0 
0 

110000 
1.480000 

0 
1.000 

0 
0 

15,1'O
0 

19 

1 

0 

0 
0 

0 

• 

3 

0 

1 

18 

2 

-
-_ 
-
. 

-
-

-

1,311,298 

8100 

-

"1 
y,,j 

8 

0 
28 

1 
1 

1 175.075 
13.000 

0 
3 105.307 

6805 
130700 

1 
2 
0 
4 
0 
0 

7.770 
133300 

0 
85 1359 

0 
0 

0 
1 -

Ma 1.1 
Maua,., 
M,! 
M.,I. IIIa2 

2 
14 
9 
6 

1:30000 
67,1662 

1081.,45 
676 100 

1•83.000 

0 
0 
0 
1 
0 

0 
0 
0 

771,000 
0 

0 
0 
1 

0 
0 1 

-
1,173,000 

Moroo 
MozarfT)qLe 
Nier 
Ncreta 

a'drf)a(
Seneca 
S'orra Leoni 
Somaipa 
SOUl Alr;a 
Socdan 
S,,a.'iarni 
lnAira Urlteo Rep 
Toql 
TLM,£K] 
Ujlanla 
2a 
Zarriua 
Z mllbwe 

32 
6 
3 
3 
2 
9 
1 
1 

149 
3 
4 
15 
7 
3 

18 
9 

19 
17 

1033
41.000 

1.815000 
372000 
868.082 
262.000 

2,176.700 
98,000 

33-1.000 
5.689 179 
1 915670 

400,15
10,601 775 

472 550 
33,033 

1,332,029
8 827,000 
6 664.400 
2,757,709 

1
0 
0 
0 
1 
1 
3 
0 
0 
0 
2 
0 
2 
0 
,1 
1
3 
0 
0 

3,594
0 
0 
0 

460 
15.065 

1.093.756 
0 
0 
0 

1.900.970 
0 

2,337.900 
0 

32,425 
220,000
297700 

0 
0 

0 
0 
0 
0 

2 

-
0 

-
3 

1 
-.4 

0 
1 

.. 

.. 

4 

4 

6 
.. 

-

1 
-

-

. 
10,580 

96,750 

9,9681 

12,600 

NORTH & CENTRAL AMERICA 423 161,860,486 57 85,638,399 18 22 10,778,405 
Baralos 
Cariaa 
Costa Rica 
Cuba 
Domnrcan Rep 
El Salvador 
Guatermala 
Hai 
Honduras 
Jarna;ca 
,le,tco 
N,caragua
Panama 
Irnnsiad ano Tobago
LJnled States 

0 
78 
21 
4 
5 
0 
2 
2 
4 
0 

29 
2 
6 
8 

251 

0
22,949.135 

.112,469 
24.305 

219.800 
0 

59.600 
5000 

422,571 
0 

938 448 
17,300 

660.902 
16,523

64,.946.135 

0 
1 
1 
1 
0 
0 
0 
0 
1 
0 
5 
0 
1 
0 

43 

0 
382,738 
500,000 

10.000 
0 
0 
0 
0 

500.000 
0 

1,115,877 
0 

597000 
0 

12.502,78,1 

5 
1 
0 
0 

1 
0 
1 
0 
0 
0 
1 

10 

17 
-
-

-

1 
-
-

4 

10,380.014 

47,480 

350,911 
SOUTH AMERICA 

Atgentna 
Bohva 
Brazil 
Chle 
Ccdo.rnba 

Fcuador 
Guyana 
Paraquay 
Peru 
Surunarrie 
Uruguay 

VeneA iela 

267 

29 
12 
50 
64 
30 

12 
1 
9 
I1 
9 
6 

34 

50,059,743 

2.591 351 
1,7(7.690

11894,302 
12737.360 
3.958 750 

2627.365 
11 655 

1 120.538 
2,107.642 

582.100 
28.778 

7.388 ,912 

22 

4 
3 
0 
7 
3 

1 
0 
0 
3 
0 
1 
0 

11,031,277 

2005,180 
435000 

0 
2.603.469 
2 514 375 

766,514 
0 
0 

2506,739 
0 

200,000
0 

7 

2 
0 
1 
0 
0 

2 
0 

2 
-
-

3 

-

1 
.-.. 

-
-

1 
1 
-

216,877 

4,877 

12,000 
200,0002. 
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Wildlife and Habitat
 

Table 21.1
 
International Proterd on Systems 

lathral 
VC rId Wetlands of 

National Protection Biosphere Her :age International 
Systerms ..... Reserves - Sftes -_ Importanc.e 

Number Area Number Area Number Number Area 
of Sites (hectares) of Sites (hectares) of Sites of Sites (hectares' 

ASIA 790 52,413,945 31 4,640,171 6 32 1,450,V183 

A))hani0. 0 
(1h0 

0 
0 

0 
0 

0 
0 

0 

B3i:j.lteh .3J61 I,' 0i 0 0 
Bhl tn i .950 000 0 0 
Burma 0 0 
Cs rhn tU 30623' 1 467 178 0 
Cec0s 00 0 0 

239 11149261 0 3 2 11940(0 
140 13 755 2139 6 1 319,10 

if~ir, 24 3055696 9 2609.J 31 0 18 1,297,550 

Ir 0 0 0 0 0 
I1,11,1 

,I~yIan 
5 

50 
33 )96 

2 195 600 
0 
4 

0 
116 000 2 5571 

Jori ar 2 34 300 0 0 0 1 7.272 
Kruriite.,rea Dem 1 10717 0 0 .... 

Korwa 
K.ore)a 

Den 
Rep 

Peole s Rep 0 
14 

0 
175 788 

0 
1 

0 
37,430 

. 
.... 

Ktv,4 0 0 0 0 
kio People Dom Rep 0 0 0 0- --
LVUeplorn 0 0 0 0 0 

M a,;,y;l 34 1,5586882 0 0 - -- -
Monqoha 4 4 672580 0 0 
,Nelr' 10 974,470 0 0 2 
Omanr 1 20000 0 0 0--
Paktain 52 6537,311 1 31,355 0 - 20990 
Phn.hptaiP 26 390,932 1 23,525 0 -
(ata 0 0 0 0 0 
Saud, Ar,iba 1 450.000 0 0 0 .. 
Singapme 1 2,134 0 0 .. 
Sr Lanka 37 642 665 2 9,412 0 
Syrian Arab Rep 0 0 0 0 0 .. 
Thailand 45 2.720.533 3 26.100 ..... 
Turkey 15 286850 0 0 1 
United Arab Emirates 0 0 0 0 - -
Vet Nam 12 158,068 0 0 ..... 

Yemen 0 0 0 0 0 .... 
Yerien. Dern 0 0 0 0 0 -.. 

EUROPE 704 17,239,198 81 3,763,790 11 237 2,113,180 

Albania 4 10000 0 0 - - -
Austria 27 297.007 4 27600 - 5 102.369 
Belgium 4 11 720 0 0 -- 6 7.635 
Bulgaria 12 56.037 17 27,602 2 4 2.097 
Cze~chosovala 28 1.157022 4 176 909 --

Doenniark 23 125 709 0 0 0 26 593.372 
Finland 33 803.100 0 0 11 101,343 
France 37 1 654878 4 3, 1,527 1 -
German Doem Flp 13 20881 2 18.884 8 19.600 
Gerrrany Fed Rep .15 531,213 1 13,100 0 20 314,315 
Grece 14 63. :05 2 8,840 0 11 78,600 
Hunrary 36 420,610 5 128,883 0 8 29.450 
Icifliid 21 789.420 0 0 - 1 20.000 
Ireland 3 20.404 2 8.808 5 9.829 
Italy 34 516.704 3 2.798 0 ,10 51,476 
Luxembourg 4 114.350 0 0 0 I 
Malta 0 0 0 0 0 - -
Notherlands 50 164,314 1 260 000 -- 13 263 185 
Norway 61 1.716626 1 1.555000 0 14 17,545 
Poland 15 113.015 4 25.576 1 5 7.090 
Portugal 12 381,075 1 395 0 2 30.563 
Romania 9 98.255 3 411213 ..... 
Spain 56 1.700.659 10 614.977 1 3 52,392 
Sweden 67 1.463.146 I 96.500 0 20 271,075 
Switzerlcnd 19 120.989 1 16870 0 2 1,816 

Unted Kingdom 57 1.552.567 13 4,1.308 2 31 91.334 
Yugoslavia 20 336.090 2 350,000 4 2 18,094 

USSR 141 15,111,2:3 19 9,242,965 - 12 2,880,100 

OCEANIA 739 38,232,488 12 4,742,673 8 29 1,308,980 

Australia 581 35,413,712 12 4742.,673 6 27 1,294,173 
FIp 2 5312 0 0 -. 
New Zealand 147 2.787 392 0 0 2 2 14.807 
Papua Ne, Guinea 2 3 143 0 0 
Solorrori Islands 0 0 0 0 . 

Sources: Internatioral Union (or Conservation of Nature and Natural Resources, arid United Nation Eiicational Scieitilsc and Cultural Organiwation 
0 - zero. - 7: country not a full party to trio convenion 
For addlional ,nforrnaon see Sources and Tecfncal Notes 
Note: a Area for two of the six silos 
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~Tabi~21 .2, Protected' reas Classified byBioge'4uhcai ~em~iI 
PoetdAreas 
 ~ 	 "~"rr Protected Areas ,Vegetation Type/Province 	 , Area Potectedbr Number Area Protected

Type/Province(hcae)iVegetation of Site (hectaresseeain.ye/rv r a )eNme 	 ~ Protcte
WORLD 3,382 "'< 415,907,820 AFORPC M88,6 
N.A.C RELM .. .... '329 ........... 	 158,212,645- ,=,,,a329 p Tropical Humid Forests
 
Temperate Rainrforests .... 
 Guinean Rainforest i 	 15 907,720Si.kan' 12 3,869 827 Congo RainforestOregonian iet:t Forests 	 23 77547756 p380344 T Malagasy Ranforest 6 243,238 

CaonagaT g 12 21,010636 West African Woodland/Savanna 53" 6.43-8 
Ca 41 911,043 East African Woodaid/Savanna 3Temperate Bticadlea Fore ;tst, 	 7,873,091Congo.Woodland/Savanna

SEastern Forest 	 362,873,039 1,155,364 Miombo Woodland/SavannaAustroriparian. 	 33 13,396,995 
Evergreen Sclei phyllous Forests ' 

43 734,852 South African Woodland/Savanna 105 1437,555Malagasy Woott id/Savanna 	 7 388,224Californian6Warm 	 4Deserts/Semideserts 	 52,010 Malagasy Thorn Forest 1 
.". Evergreen Sclerophylous ForestsCWhharmDsns/So6rn9 	 , 

Sonoran 	 Cap Scteroh'ti r 

11 3,ero4,y pe 	 41 1,620,967
Chihuahuan 	 10 493,332 Warm Deserts/Semi-deserts • • , 26,
Tamauipan'IN 	 1 5,117 Western Sahelt 	 7 /'1,726,000Cold-winter Deserts Eastern Sahel 	 2 1.719,700Great Basin 	 15 657,128 SomalianTundra Communities 	 18 4,142,182NamibAleutian stands 	 - 7 6,768,0707 7,025,370 Kalahari .5 928,0Alaskan Tundra 	 44,

9 25,292471Canadian.TTndra 2 4,557110 Mixed Mountain Systems'Arctic Archipelago 0 0 Ethiopian Highlands +>Greenland Tundra 	 5 636,0000 	 Guinean HighlandsArctic Desert and Icecap Grassralanfds 	 2 335,6252 71,050,000CentraAcan Hgiandsd . 9 3,62295
M Grasslands Ss25m 387,751 East African Highlands + 9 ,, 431,108
Mixed Mountain Systems South African HighlandsRocky Mountains 	 13 78,90846 6,183,793 Evergreen Scterophyllous ForestsSierra-Cascade 16 1,251.492 Ascension and St. Helena Islands 0 0Madrean.Cordilleran 19 " 285,793 Comoros Islands and Aldabra 19,00Lake Systems' 	 .1Mascarene Islands " 3 4,033

Great Lakes , 7 444,713 - Lake Systems 0PAiLEARCTIC REALM , ' . 1,027 52,87C,456 Lake Ukerewe (Victoria) 	 1  45,700Lake Tanganyika ' 	 0Temperate Rainfo.,ests 	 0'Lake Malaw-(Nyasa)Chinese,,'ubtropical Forest 	 1 " 9,40010 312,509 " INDOMALAAN REALM5
Japenese Evergreen Forest 	 38 1,430,485 , D REALM672 .... ;A: 27,568,406
Temperate Needleleal Forests Tropical Humid ForestsWest Eurasian Taiga '106 %,5,061,090 TiMacabar Rainorest 	 3
East SberpnTaiga 	 16 3402600

Temperate Bnoadleaf.Forests Rainforest 97,6Ceyonese97celndin 'Bengatian 	 Rainforest 657,352Subarctica chod ' 	
*'22 

Kamchatkan 	 22 791,431 Burman Rainforest14 258,590 Indochinese Rainforest 	 0 "' 0. -Brtish Islands 	 28 1,780,756 'I36' 4, South Chinese Rainforest , 21 165,709Atlanti 341.63,117Malayan RainforestBorenemrat 96 , r	 20 " ,087.728-''".::; :-Middle Eurolpean Forst 	 975 1,06374028r Tropical Dry Forests1'730
Bo nMidl 	 -ret . . .. ,5573,4 	 IndusGanges Monsoon Forest 136 6,835,608'
WAnonian 	 22 98 Burma Monsoon Forest 18 515,429245,056 Thailandian Monsoon Forest 20 942,417Manchu-Japanese Mixed Forest
0 	

" 22 ' . 1,480,074 Coromandet . . . 3rptal Deciduous Forest 	 i',36 1,378,671 Cetonese Monsoon Forest . 36 
105,828
544,709Everisen Sclerophyllou Forests ." . Deccan Thorn Forest .8 454,0 6 

Medilerraripan Sclerophyll 
Iberian Highlands " : 42 1,635,557 Warm Deserts/Semidlesert80 1,538,599 Thar Desert. 35 1,628,854W	arm Deserts/Semideserts M I a ysems 
Sahara ' 2 ' 117,094"' Mixed Island Systems \ a 2 ,89Arabian Desert. . 49,440 Seychelles and Amirantes IslandsCold-winter Deserts" ' ' 	 ' 2 2,893

' Maldives and Chag os Islands 	 0 0Anatolian-Iranian Desert 32 5,499,190 CocosKeeling and Christmas islaridsTuranian 	 1 1,60013 1,170,858 Andaman and Nicobar IslandsTakla.Makan.Gob Desert 	 8 28,5922 . 4,507,850 Sumatra N29Tibetan ' "' ' 	 4,253,807
I'.ranianDesert .	 1 266,913 :Java ' . " - 9 '-"' :Jv• : 	 38 644,930; " " -38 .+ 3,
Tundra Communitieser t 	 9 1,409,356 Lesser Sunda Islands 10 174,155TudaCmuiisSulawesiArctic Desert 	 5 ,/ 3,491,000 . Borneo (Celebes) 22 1,093,265tHigharclic Tundra ' ' 1 	 39 3,791,081795,650 . o 	 26 39032Lowarctic Tundra ,..2 2,961,254 Piipns2 9.3
Temperate Grasslands ' .. . 'Taiwan 2 45,137

Pontiar ep p.e . 51,775. OCEANIAN REALM .' ,,54 4,127,602'-'MongolianManchurian Steppe . 3 . 172,580 Mixed Island Systems,Mixed Mountain Systems ' 	 ' 

*" Papuan 
 ' 24 3,747,672 '+Scottish Highlands . " . 20 81,723 MicronesianCentral European Highlands 105s 2,037,182' Hawaiian 
5 113,258 

Balkan Highlands' '.. ' ' : 32 	
' 4 214,502,'390,241 . Southeastern PolynesianCaucaso-tranian Highlands ' 	

8 53,91742 2,236,152 Central PolyneslanAltai Highlands 	 4 44,055C; 	 . 2. 935,093 . New Caledonian,-Pamir-Tian-Sha Highlands " - 17 .	 7 48,796'616,490 EastMelanesan '' 2 : \Hindu Kush H~hlands ' 	 5,342' 1 14,786 ' " _____J_______.........____.........__________ 
 ...._ ......
____.. ...
Himalayan Highlands 	 10 1,708,148 AUSTRAUIAN REALMi <.4 , , 29.411.357 ', " 469Szechwan Highlands' 2.. ' 52,000'Mixed Island Systems . . 'Tr"4lc09 
 Humid Forests : 	 '-Macaronesan Islands 7 48095 ueensland Coastal 	 53 7,776347
Ryukyu Isanlds, -Lake Syste-is 	 2 ' 4,147 Temperate Rainforests'77647 
Tasmanian 26 ' ' - 9049786 'Lake Ladoga 	 0 0 Tropical Dry ForestsAral Sea 1 18,300 Northern Coastal 10 934 272Lake B ;aikal 0 .0 	 ,'. , 4 ' 

,
tft 19.7 ' ,eswrjrces ,, I ',r' ."','". 
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4 
Nu'2h '22'2' -'. 2" i ~ ; ! t !i ; ,g '< , 'i ".!) 4 .. .*' Protected. 

ir~,">,%i iArea Protccted 

VegetatlonTypelProvince of Sites (hectares) Vegetat!on Type/Proyince ...... of Sites .. (1'!...'(hectares) 

AUSTRUAN REALM (ccntlnued)' NEOTROPICAL REALM (continued) 

Evergreef Sclerophyflous Forests Yucatecan 2 106,970~ 2Western Sclerophyll . 138 2,444,584 Central American 23 Q.~ 825,207 
". Southern Sclerophyll 56 1,413,727 Venezuelan Dry Forest : 286 1,125,794 

EpsteinScleroph>! '95 2,741,356 VenezUeaDeciduous Forest 11 546,930 
Brigalow 12 319,156 Equadorian Dry Forest4 3 0 181,300 

Warm DesertslSaml deserts Caatinga 3 236100 
Western Mulga 10 "4 2,144.280 Granpahaco 2 6 1 1175,000 4' 2 

Central Desert 13 3,657,703 Temperate Broadleaf Forests,
 
Southern Mulga/Saltbush = , ,10 4,363,400 Chilean Araucaria Forest 1 5415
 

Tropical Grasslands/Savannas ...... Evergreen Sclerophylous Forests 
Northem Savanna 9 1,458 55 Chilean Scerophyll 5 38,795 
.Northern Grasslands 3 Warm DeserV. eml-deserfs ' 

Tairiperate;Grasands, Pacific Des.;'. 0 0 
Iostern Grasslands and Savannas 34 670,163 Monte. " 7 1,446,751

Cacifdinter Deserts 
ANTARCTIC ,EALM 157 3,078,31 Patagonian 4 36,700 

Neozea>andia ; TrOjat Grasslandiavannas 3 ....,Temperate Rainforests : -Lanos L .. .3... 
TNeozealandra s *.. 145 . 2,7163,281 CamposUms ' ,Lims 3 3.192,000 
Tundra Communites . Babacu 1 155,000 

Maudlandia 6 34,959 Campos Cerrados 11 2457,403
Manielandia 1 1160o(") Temperate Grasslands112740 
Insulantarcica. 5 i.,1076 ' Argentinian Pampas 0 0 ", 

.2A64, 
: 43 Uruguayan Pampas ' 9 70,516 

NEOTROPICAL REALM 8 52,464.94338 Mixed Mountain Systems , 
T Northern Andean 9 913,288

ro.,caHumidForests i;:Colombian Montane 8 1,397,050 '2 

Campechean 4 63,918 Y"1gas 9 1,108,268 
Pprtamanlan 6 660,902 Puna 13 1,168,439 
Coobri Coastal 6 , .,6,450,237 Southern Andean1,019,000 >47 

Guyanan n21 2,155,078 Mixed Island Systems
Amazonian '14 12,733,681 0ahiama&*8ermudean, . 4" i 122,540 4 
Madeiran 2 448,150 Cuban 4 24,305 ' 
Serro Do Mar: , 8 196,468 ' Greater Antillean '9 225,230, '§

Temperate Rainforests Lesser Antilean 6 87,875 
Breilian Rainforest ' 16 447,233 RevillaGigedo Wsland 0 0t0Brazmain Planalto ' 2 15,839 Cocos Island '1 3,200 
'alcdivian Forest 13 4,018,459 .. Galapagos Islands 1.. 691,200, 

TCio aNohofagus - 7 Fernando De Noronja Island 1 r74367.307 36,249 
T er Forests " South'Trinidade Island 0l..^Dry . 0 

24~ 
, 0vr1~ades 9 774,279 

Sinaloan . . ' . 5. 462,994 Lake Systems . . 
Guerreran 5 66,873 Lake Tticaca 0 

Source: International Union for Conservation of Naure and Natural Resources. 0 zero. For addlional information sea Sources and Technical Notes.. .I ,'.',. , 

Table, 21.3 Nationally Threatened Vertebrate Species, Early 1980s 
' 

, '2 . Mammals Birds Repties Amphibians ~.Fishes 22:'>444 / *,+ species .. Sp d , Thretene . ... . ~. .. .. .. sp c...S.pecies. . .. . ..... .. 2,....:;atened... hratn 
r 

-, Species Sp'ecies le Dt'' ~ Number.. ;of Than ... Tr'atnd~ Spce hetee Number.ofSpce Traee Number of, hetnd TraedS-ec D isTratnd,
2r-aedNumber of 'Threatened Number of Threatened 

Known Number Percent Known Number Percent Known Number Percent. Known Number Percent :;Known Number Percent Source ' 4 

NORTH AMERICA (>24'' '22 2 2 2 2, ' 4 

'2l i 
Canada;
UnitedStates 

' 94. 
466 

6 
35' 

66 
8 

434 
1090 

10 
69,, 

2 
6 

32 
368 

2 
25 

6 
17 

'.2' 54 
222 

2 
8 

4 
4 

800 
2,640 

15 '.<2 
44 2 

OECD 
OECD 

'2 ASIAr'2,>,''2' > 2. 2. 2,"> 2 . 
"'' . Japan..' '186 4 2 632 35 8 85 3 4 58 1 2 3,144 4 0 OECD 

Turkey '31 11 36 217 36 17 X X X X X X X X OECD~ 

EUROPE .~2{.42'>22.''' ' ' 22 2~'2 2 2'4t 

Austra "..83 ,238 46 201 121 60 X .. X X X - X 'X 92 .54 59'OECD 

4X'' Denmark. 49 ' 14 29' 190 '41 22 5' 0 0 .14. 3. 21 '166 .17 10 OECD' 2 
> 4 

Finland 6 Pi' 34 '232 >15 7 1 20 6 0 0 .58 4 7 OECD 
2 France "101. 58 57 :266 ~'1155 58 49. 19~ 39 . 34, 18 53 73 20 27 SOE 

'Germany, Fed Rep 94 44 47 2,455 ~98 22 .12 9 .75 19 1 58 173 40 123 OECD 
"'2 

442~ Hungary. X. 14 X 'X 13 X' X .4 X X 1 X .X2 2 X SCE 41"> 

Ireland,. ', X, 3 X. 'X 18 X2 X X X. X. 1. X X X X SOE ""'' 

Itl, 97 '13. 13 ' 419 60. 14 46 24 52 '280 13 46 . 503 70 14 OECD 
Netherlands' 60 29 48 257 '85 33 27 6 862 -15 10 67 49 11 22 OECD2 4 
Norway.; 71 10' 14, .280 28 102 5 .1 20 '5' 1 20 X' X XC OECD'> 
'Portugal ' 79 X 337 X 24 ' X .17 X I X X OECDOCA IAT)r7:, 7;...7Spain'" > 2100 .53 .53 389 142 37' 249 20' '41 23, 18 78 137' 12 9 OECD.K2 

Sedcen4' 2 ' 63~ 11 '18 '250234. 14' 6 '0 0 11 5 46 IC X ' X'OECD 
Switzerland, 86' 'IC . ' 190 74 39' 15' X' ' XC 20 2C X'I 60 )X X OECD 

2 24United Kingdorn "~51 .26 51 400 51' 26 2 6 '2 '33 6 ,.~'2- 33 37 >18 2'SCE.'2 
: >4 2 2:7. 4',- . 

~i,Ausrala'>2V '>2 440> 13 ,217002 36 5 28 , 150 ... 2 4 2 X2 CO'"4(2"22,550 1 2 62 a,3,200. E '"...44i 

Noew'Zealand, 68 14 21 2'22 16, 6 237 .7 19 6.,4 X X .2..777 >3 '.'.0;'OECD.>, 

.,222,..2 22,....2. ,*.2., 9'2..........6,.... .. . ..
 
2Economic' Co-operation Souce=and Developmlent.4C~oerSQEin/ndD~omet;an~ntnational stale of the 2""rnmn *'>p'""'' Foeddilioial information. see Sources and Technical Notes, 


4Sourc'es: rgnisaion for Ecdndmlo CQooer Lationrand Devlopment; and national sou~rces. 02 zero or less than hall foil percent; X not 'available OECD - rgantsatlon for'21 >>2. 

:.rgn~stm~fr~onm sures 0 2 ;zeo ries 22'en;,> 22lab2.OE>2 1lo :'~ >>2! ta a2 , nt Oga
2 P &cur 

22 4o4at0ai~ D'oe~ i '41 fteet etieot. ad i!j~~mt~i S~cs ~ aT"'ce M..J e$195?2~.2d "SO tt 2fa Notd 

http:22lab2.OE
http:Number.of
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IYal'WTable: 21. G b Tiatened Vertebrate Species, Early 198Os 
*Mamm" Birds x---Amp xiblameh s~ "Nubrf -Number of ' ~vNumber of Number of Number atISuds''Number Sp-le a Number Spce Number ' Species, Number Spec lem Numbsr 

'-'KnwKfonThreatened Klon Threatened :Threatened Kfown Threatened Kon Threaesned 

hop'noa 275 12. X X XX 

'AFRICA 
Cab a Alg 9 ria . XiX 168X X" '' 

iX: X ' 
5342 X' X X > '; X X

Central Africa Re ' '206- 7 X ' X ' X7 ,X ', X X XX X XChad'"". 1931 11 X r X 
X X
 

BGurina 1884 11go '9. X !Faso :0:6 : :19 'X'X' 1XX X X :ibya d :v 226 '12 X X 
x X X X X X h 

Djibouti, ' 22 6 X X 
X X- X X

X X X
Egypt 105 10 X
X:X X X - XEquatorial Guinea X XLes2ho8 182 12 X37 X X ' X 7 XX X: X :: :::. XX: ,X XX : X256 6 : : Xi X XGbn190 - 9' X X' X 

X 
X 

XX
X XG riam 108 4 X X X ' Ghana 222 . X X9 X X X " XGuinea 188 10 X 'X X XX 'X XX x 

Guinea- issau 109 6 '' X ' X X 

LaendaLeslh 308 9 X , X X X X33 2 XX " XX XX X X -XXLiboer a i 193 11 , X X, ''XLibya 76 9 X X x 'X X X 
Malwi 19 5 "2 XCanaa . . . 136 10 " ' - ' V XXx 

- X-XMauritania 61 10 X X XXX, "'X- X XMorocco 108 8 X X X XX ".X 1 X 
, Mozambique 6 X , 3183 X X XS Namibia- -Xi " XXx '"X ,

Niger . 131 9 X XX XNigea X X X21274
1892 X X X X XRwanda ' 147 . 72 X X X 
X X X

Sao Tome 7 " 0X XXXX'X X X X X
Senegal 166 1 0 X X X X X X' X

sieaLeono 178 10 XX X X X X XSomalia 173 14 X X
S th 16 X X X X :O X Xca279 X X X '- X X X XSudan 266 16 X XX X X X .. XSwaand 46 ' - X X X

Ta.. .ania, 310 o . X X' X 
X-

United.Rep 12Toga 196 6 X X X X X X XTunisia- 77i 8 . X 
Uganda '311 

X X X X ' X 'X X X10 .X X XX X X' . X XWestern Sahara '5ti- XX 1
 
~, Zaire'
- ''409 11 X 2 X .X X fXX- X X X X X XZimimbwe 194 -7' X X X X X X X X 

AMERICAS ' - '"" ' 

Argenina - '255 - 42 927 122 "X',C4-- 8 l20XX
Baeaasize 17 ' 3.. 218 19 12 2 '0 xX xeie 2w 18 504 69 "Q7 12. 26Bolivia . ' 267. 0 X X51' 1,177 141 18) '19 '95 0 XBrazil 77 ' X)-394- 1.567 198 38467 '485 0 X XCanada 163 -8 X X X X X XChile 90 '18 X X393. 41 7243 , 0X ' XCostma ic 358 60 1.665 181 383Cot~c. . 203' 27 796 . 94 . 

36 ' 367 1 ,X .' X218 18 '151 2 XCuba '39 .9 - X 'h
.'38'286- '100, 17- '39 0 X XEcuador '~~. 280. 50 1,47T" 15-5'.345- 29. 39 03 8 .'x'El Salvador~ 129' 15 4 ' 64 - 93 ' 1 ' . 0. " X -

x
X ""

" 

French Guiana' ' 142' 28 628,. 86.1 16 2 ' 8FGreenland (Denmarkl) 26' 7' 136' 24 X.- 0
0 ',. X X' 89 X'X .-Guatemiala, " '174' .21-. 666' '20494 s1'' 98" -0 X 'X. 'Guyana' i81'-. -' 27 728' 98 13' 1 105 'XHispanioa- f '23,, 4 211''. '26 '1 134' 1i'1 . 3, 
0 X 

Hoduas'---1179 '23 1 i' 672. '87- ' 161 13- 55. 0 X 'X .i"'-Jamaica -' 29, 3 223 23 38 12~~'Lesser Antilles 20 0 ~XX37 193 29 94 14 15 0 X X
Mexico 439 32 961 1,..t 704 34Netherlands Antilles 272 0 X IX9 2 171 18 22 4 ,-~ 2 0Nicaragua 177 X '-X '24 610 81 162 17,"~ Panama I217 59 0 ' "'''.30 840 98 212 19 155 1 X. X "' aauy157
i' i 33 630 101 110 11 i ~ 69 0 X 'X 

YVnaResources1997.711 
', '"'' ' 'i."'- "i 

2 9 6~i 



_______Mammals _ Brds- -"T- Repties'. ________________ 	 7-

Number of K' Number of Number of -! Number of I.umber of "i'> 

.- - . ~ .:r.S!pecies Nc Number ,,Speclee, NuSer ScIa Number Specles Number. 
w T r o w n Known Threatened Threatened ThreatenedThreatened Threatened 	 Kflon 

Peru 359 '61 1,642 159 297 25 233 0 X X
 
PuertoRico 17 . '? !2 220 29 46 9 25 1 X X
 
Suriname 200 32 670 91 131 19 99 0 X X
 
T 29 3ba-o3 157 15 39 10 8 0 x X
 
'Trinidad 85 '6 3417 52 76 15" 14 0 X X
 

lh'Unte1States 367 ~ #5 X X , X X IC I'X
 
'Jruguay " 77 ' 22 367 :50 66 11 37 0 X X
 
Venezuela 305 37.. 1,295 150 246 b 26 ' 182 '0 X XC, 


AUTRU 	 "'1 i46~f'~?~ IC IC I i> X';'~ X 'j IC 'C X X4 

Sources: The Nature ConsLrvanc'j International and International Union forConservation ofNature and Natural Resources.

0 -'zero. X - not availabia 

"
 For additional information, see Sources and Technical Notes : ' '
 

Sources and Technical Notes.. 

Table -21.1 National and Interna- ural perturbations (e.g., insect epidemics, forest area for conservation and research, and it
 
tional Protection of Natural fires) are allowed to occur. must be surrounded by one or more buffer
 
Aras,1986. . U National Parks and P Phrks.
Prvicial zones. Within the buffer zones, traditional

AreasThese sites are relatively large areas of uses of the land may be permitted, as are
Sources: National Protection Systems: Inter- national or international significance that are experimental rsearch on the functioning of A 
national Union for Conservation of Nature not materially altered by' humans. Access is ecosystems and rehabilitation of modified or 
and Natural Resources (lUCN), 1985 United controlled, but visitors are encouraged to use degraded ecosystems.
NationsList 'of National Paurks and Protected the areas for recreation and study,. World Heritage Sites are structures or natu-
Areas (IUCN, Gland, Switzerland, 1985); and " Natural Monuments and Naturl Land- ral areas of "outstanding universal value' 
unpublished IUCN data (IUCN Conservation ' marks. These areas contain unique geological (Only-"natural sites" Lre included Inthe table.)

r I.onitoringCentre [CMCJ, Cambridge, United formations, special animals or plants, or Sites are nominated by any of the countries 
Kingdom, December 1985). Biosphere unusual habitat. Areas vary in size. Access is " party to the World Heritage Convention and 
Reserves: Man and the Biosphere Programme usually restricted. ' are reviewed for the Convention Committee

(MAB) of the United Nations Educational, * Managed Nature Reserves and Wildlife by IUCN, 'b be accepted, a natural site must
 
Scientific and Cultural Organization (UNESCO), Sanctuaries, These sites are protected for contain an example of a major stage of the
 
unpublished data (UNESCO MAB, iris, specific purposes such as conservation of a earth's evolutionary history; ongoa significant 

October 1986); Natural World Heritage Sites: nationally significant plant or animal species. ing geological process; a unique or superlative


'World Heritage Secretariat of UNESCO, 'Some areas may require management.' For natural phenomenon, formation, or feature; or
 
'1'unpublished data (UNESCO, Paris, October example, a particular grassland or heath com- a habitat for endangered or rare species of 

1986); Wetlands of International Importance: munity may be best protected and perpetu- plants and animals required for survival of the
 
,IUCN CMC, unpublished data UCN CMC, ated by livestock grazing. The size of the species.

Cambridge, United Kingdom, October 1986). areas varies. Public access is restricted to Wetlands of International Importance are
 

The protected areas under "National Protec- scientific 'and educational purposes. ,wetlands so design'ated by any of the 42
 
tion 'Systems' in 'Table 21.1 are aggregated ' U Protected La )dscapes and Seascapes. countries (as of December 1986) that have

from sites classified in five (of the ten) IUCN ' Areas so designated may be entirely natural, signed the Convention on Wetlands of Inter
management categories. 'lo other categories, with no human artifacts, or they may include national Importance Especially as Waterfowl
 

RBlosphereReserves ' cultural landscapes, such as scenically. attrac-' Habitat (Ranmsar, Iran,' 1971). IUCN collectsand World Heritage 

ites-natural areas-are drawn from sites ' tive agricultural areas. Protected landscapes wetlands data with the assistan'ce of the Inter
included under "National Protection Systems. ' may be coastlines, lake shores, hilly or moun- national Waterfowl Research Bueau, the
 

4	Data for the remaining three categories of the tainous terrain along 'scenic highways, etc. ' International Council for Bird Preservation, '1' 
lUCN framework are less 'complete and have Areas'vary in size, and public access depends and the United Nations Environment Programme
therefore been omitted. Resource Reserves are on the use of the area. Many sites are listed under multiple head-. 
relatively, lolated, uninhabited areas that have The figures In Tible 21.1 do not Include ' ings: Biosphere Reserves, World Heritage Sites, 
beenlittle studied. Anthropological Reserves many locally or provincially protected sites, Wetlands of International limportance, and 
are natural areas In which humans are an . privately .owned areas, or sites where hunting ,Protected Areas. Because these categories
IntegraiI c'rionei, and i w .hich and otherconsumptive 'uses of wildlife aremanage-	 overlap, the totalnumber of protected sites is 
ment is oriented toward the maintenance of! . permitted, Each area, unless an islanoi is less than the sum 'of the totals for all the cat
 
habitat ,oritdional societie-Multiple Use ' larger than 1,000 hectares. egorles. Computerized data bases'for all four
 
Management Areas are large 1areas'in 'which 'K'"Biosph'ere Reserves 'are an international net- of theprtection Isystems are maintained by
 
the principal 'goal Is to manage renewable 'work of protected areas'approved by the the IUCN Conservation Monitoring Centre at

'resources such 'as timtber'rand game and to ~ International Coordinating Council of Cambride Un~ited Kingdom,
 

poverecreation potental a sustalned basis. Contientaland world totals
UNESCO's Man and the Biosphere Include
 
Q The categories that are aggregated for this Programme. Each area must contain an eco- for countries not incicded in the table
' ,natlon 

table are: "' K'. system typical of abiogeographical province because they have apopulation of less than
 
E Scientific Reservesand Strict in terms of 'diversity and naturalness, and It 240,000, The Bahamas ,for example, have
Nature 

These areas possess outstanding and e to be an effective con. 	 areas.Reseves. 	 must be large' nough four protected . totalling 122,540 hectares,Krepresentative ecosystemsThe sites are gener- servation unit, (For adefinition of bio- '"'' Seven protected areas have been established'"''
 
' ally closed to public access. Their size is geographical 'province, see the technical note in Antarctica" under the Antarctic 'flreaty, Sys

determined by the areai required to ensure the for Table 21.2.) Ea'ch 'Blosphere Reserve must 'tem, they, are included ntewrdttlti~"4
 
,,a,,intgriyo th sie.I y of the sites, inld adefined, minimally disturbed core Lne"National ProtectionSytm:Foal 

, 4~~~integrity~~~~29~ oft- i~l ay"i"" 	 ne 
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22. Energy and Minerals
 
This section provides data ot the availability, plodutio, 
and consumption of energy and minerals, 

Table 22.1 presents information on the production and 
consnmption of commercially traded fuels. World cotmuier-
cial energy production increased 33 percent betweeni 197(0 
andl VN91, )eaking in 1979 at -b percent above 1970. 
3etween 19701 and 19181, p)rduction of natural gas grew 

faster than that of any other fuel type, iitcreasin g 52 pcr-
cent worldwide. 

'Iotal consumption tof con inercial em,)ry incre;t( d 38 
perceit from 1970) to 198.1. {T'e apparent dif(ewitck, 
between production and conisump tion growth oIvcr this 
period is probal)ly due to statistical anoimalies and revi-
sions, with inventory drawdowns playinit a minor n)],..) 
Many developed countries have reduced !hei: ettergv con-
sumption relative to Gross National Product by using 
energy more e(ficiently and by shifting to less entergy-
intensive industries. Of the 24 member countries of the 
Organisatiop for Economic Co-operation and Development 
(which consurmed 51 percent of the world's commercial 
energy in 1934), 15 used less energy per unit of GNP in 
1984 than in 1970. 

Serious gaps still exist int energy data despite the large 
arid growing statistical effort by governmens, international 
organizations, and major petroleutm companies. Data on 
energy consumption by sector (cornmercia!, residential, 
industrial, and transportation) are virtually nonexistent for 
deveioping countries. Fuelwood data are unreliable and are 
not included inthis chapte,- (For fuelwood productiotn esti-
mates, refer tom Ramgelands:' 'libleChapter 20, "Forests and 
20.2.) 

Electricity production has increased dramatically over the 
past 20 years. (Se-.Table 22.2.) Although nuclear electricity 
production increased by a factor of 15 since 1970, fossil-fuel 
fired generation still accounts for two thirds of global elec-
tricity output. Many countries are increasing hydroelectric 
and geothermal production to meet their electricity needs. 
For example, 'Ibgo, Zambia, the l)ominican Republic, andi 
Argentina all increased their combined hydroelectric and 
geothermal production by over 500 percent between 1970 
and 1984. For additional information o(l tais, reservolirs 
and hydroelectric capacity, refer to 'lahle 23.2 in Chapter 
23, "Freshwater." 

Table 22.3 summarizes the world's reserves andl resources 
of commercial energy as assessed in1983. The United 
States, China, and the USSR have 65 percent of the proved 
reserves (quantities known to exist in specific locations and 

qualities, although not necessarily recoverable at current 
prices) of bituninous (hard) coal. The proved recoverable 
reserves (technically and economically recoverable) of 
(rude oil held by Saudi Arabia, Kuwait, Iran, and Mexico 
make up)about 55 percent of the world total; the USSR and 
Iran hold over 50 percent of the world's proved recoverable 
1eserves of natural gas. At 1981 consumption rates, global 
reserves of petrolenumit would last 31 years, natural gas 52 
years, and bituminous coal 175 years. 

'lible 22.4 shows the historical and iprojected status of
 
mi clear power. Nuclear potwer provides a third or more of
 
the electricity used by sis" industrialized countries, and
 
several developing countries plan to add nuclear power to
 
their energy economies. h
he world's nuclear capacity 
would douIble if all reactors planned and under construc
tion were operative. However, experience indicates that 
many tof these reactors will not be completed. In the United 
States, for example, 111 of the 139 power plants ordered 
between 1971 and 1977 were indefinitely delayed or can
celed. Since the nuclear accident at Chernobyl, debate 
about the future of nuclear power has intensified in many 
countries. 

'lhble 22.5 provides data on piaduction and consumption 
of eight metals over the last 20 years. These metals were 
selected oi the basis of importance to national economies 
and international trade. Consumption of metals is domi
nated by the major industrialized countr.es; the USSR, 
Japan, and the United States are the three largest con
simmers of the metals listed, with Japan's consumption 
increasing the most rapidly. 

Scrap recovery is often an economically attractive source 
of raw materials, and it is also promoted to reduce pollu
tion and litter arid to conserve resources. Many countries 
have stepped up scrap recovery efforts over the past two 
decades. (See Table 22.6.) 

Incentives to reccver a material vary across countries. 
For example, national policy may favor material recovery 
through the imposition of pollution and litter laws or taxes. 
Scrap supply, demand, and prices are also linked to the 
supply of and demand for new producth and to the price 
and availability of nonscrap raw materials. ]'he importance 
of these links varies with the material; copper scrap recov
ery, for example, is sensitive to the demand for copper 
products. Oi the other hand, the price of glass scrap 
(ctilet) is favorable compared with that of noncullet glass, 
but the supply of cullet is usually limited because cullet 
markets were established only in the late 1970s. 

) , c-, 1997
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Energy and Minerals 

Table 22.1 Production and Consumption of Commercial Energy, 
Commercially Traded Fuels 

Production Consumption 

Totala Solid Liquid Gaseous Total Per Capita 
Per Constant 

(1975) $US of GNP 
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(peta-

Joules) 

Change 
over 1984 
1970 (peta-
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Change 
over 
1970 
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Change 
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Change 
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Change Change 
over 1984 over 
1970 (giga- 1970 

(percent) joules) (percent) 

1984 
(kilo-

Joules) 

Change 
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1970 

(percent) 
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X 

32 

X 
× 
X 

18 

x 
a 

l, 

4833 

27 
6 

1:38 

1 
X 
13 

50 
221 

X 
1 
2 

20 

18 
X> 

24 
6 

137 

80,17 

9,209 
9014 

19923 

-52 
>X 

-- 14 
14 
33 

Ugaoc, 
Zare 
Zamba 
.,rbal'..e 

2 
83 
49 
80 

- 33 
193 
17? 

- 3.1 

2 
4 

12 
67 

33 
- 20 
-35 

6.4 
x 
X 

X 
X 
X 

x 
X 
X 

x 
x 
X 

59 
6.1 

112 

45 
37 
36 

-13 

1 
2 

10 
13 

-64 
2 

- 11 
-46 

X 
16493 
27.096 
25,700 

X 
20 
16 

--47 

NORTH & CENTRAL AMEPICA 77,614 11 21,141 37 31,499 16 21,243 -17 78,791 7 199 -13 
Barbados 
Canada 
CocL a Rca 

Cuba 
Do_2, Rop 

El Sa,ador 
Guatemila 
HaM 

Hoqduras
J,3maik.. . . . 

4 
9099 

11 
33 
2 

6 
12 

1 
3 
1 

NM 
51 

267 

371 
NM 

200 
1 100 

x 
200 
NM 

)t 
1396 

X 
x 
X 

X 
X 
X 
X 
X 

X 
289 

x 
x 
x 

2 
X 
X 
X 
X 

4 
3.510 

x 
3 
x 

x 
10 
X 
x 
X 

NM 
18 
x 

371 
x 

X 
X 
X 
X 
X 

1 
2,969 

X 
0 
x 

X 

x 

X 
41 

x 
'2 
x 

x 
>X 
X 
X 
x 

9 
7247 

3,1 
.128 
88 

27 
46 
10 
28 
80 

50 
31 
79 
71 
120 

35 
53 
100 
56 
21 

33G 
288 

13 
43 
14l 

5 
6 
2 
7 

35 

42 
11 
22 
47 
55 

-- 10 
6 

43 
-3 

2 

19.186 
36 05.1 
14,756 

X 
19,804 

16609 
14.758 
11,014 
18.168 
46,797 

9 
- 18 
11 
X 

13 

13 
34 
35 

-- 1 
78 

Mexico 
NWcaragua 
Panama 
Trrnidad aric Tobago 
Uniled Stales 

77,16 
2 
5 

189 
60,200 

391 
100 
100 
Z6 

2 

163 
X 
X> 
X 

19589 

163 
x 

x 
30 

6513 
x 

374 
21056 

545 
'( 

21 
-8 

q77 

>X 
115 

17,181 

117 
x 
X 

58 
-25 

3871 
26 
,16 

172 
66149 

1,19 
37 
31 
30 

2 

50 
8 

22 
148 
280 

65 
11 

- 6 
15 

-t2 

32,150 
17,780 
18,026 
54,260 
32405 

31 
8 

-27 
- 10 
-32 

SOUTH AMERICA 10,68 -7 375 103 7,714 -25 1,655 131 7,433 78 28 29 
Argentina 
Bohvia 
Bra.l 
Chile 
Cplormb_!a....... 

Ecuardor 
Guyana 
Paraguay 
Peru 
Surname---

..... 

-.. 

.. . 

... 

. 

1675 
142 

1 838 
205 
808 

570 
0 
3 

466 
5 

53 
173 
235 

15 
26 

5 082 
X 

200 
1,918 
25 

13 
X 

15 
3, 

173 

x 
x2 
X 

x 

13 
x 

167 
1i 

lIt 

X 

× 
60 
X 

1096 
.19 

1.009 
99 

375 

560 
x 
X 

390 
1 

27 
2 

193 
12 

- 24 

6 122 
2 
X 

153 
NM 

478 
88 
81 
37 

187 

4 

x 
13 
A 

129 
3 700 
P690 

23 
2,10 

330 
2x 
x 

139 
X 

!515 
61 

2551 
320 
706 

160 
17 
21 

360 
18 

36 
11M 
109 

1 
90 

267 
- 23 
1.10 
53 

- 28 

50 
10 
19 
27 
25 

20 
18 
7 

19 
49 

9 
47 
51 
20 
41 

1-10 
-.11 
5.1 

5 
28 

4.1.201 
27,750 
15 575 
35759 
39756 

31 67.1 
.12,173 

7,986 
23,341 
35.013 

36 
73 
-5 

-- 11 
3 

60 
-29 
- 15 
21 

- 45 
Uruguay 13 225 x X X > > >X 55 25 18 29 15.517 -30 
Venezuela 4,941 43 1 0 4 134 -50 737 93 1 619 125 96 46 54,987 59 
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Energy and Minerals
 

1970-84 Table 22.1
 
Commercially Traded Fuels 

Production - - - Consumption 
Per Constant 

Total" Solid Liquid Gaseous Total Per Capita (1975) SUS r.i GNP 
Change Change Change Change Change Change Change

184 over 1984 over 1984 over 1984 over 1984 over 1984 over 1984 over
(pets- 1910 (pets- 1970 (peta. 1970 (pets- 1970 (pets- 1970 (glga- 1970 (kilo- 1970

joules) (percent) Joules) (percent) joulos) (percent) Joules) (percent) joules) (percent) joules) (percent) joules) (percent) 
ASIA 64,345 37 22,781 97 35,681 6 4,147 266 54,415 106 20 55 
Afghanistan 14 13 5 0 0 106 12 29 61 2 24 6 X
Bahiain 243 37 , X 1(10 :39 1.1 929 161 847 1118 402 X X
Barlqadesh 97 A x 6 3 93i 154 , 2 X 7.316 X
Bhan 0 X, x x x 0 . 0 X X X
BLima 107 132 1 60 10 31 1 "1,()8 7 2 40 1.1506 4 
China 21 912 1.16 16 2.1 ' '3 1 , '3' 274 41e,,1 33*'1. ' 1 .3 ill 87 69,143 -3
 
Cyp x'. Xa: AiX ' 51 25285 -26

id(a 5 123 3 1 1C 312)1518 11., I 1 111 553 183- 13' / 71 41 868 37

h11d311111110 3900 133 .32 ,10 '11) 1)iO.10 1900 1 .'4i 20' 8 1) i2 24 617 25
Iran 5 Cx7 ), • 4ti() 1 28 X--42 2, ., 4.3 , 1 !34 1.: " 40 X 

2rl "Ill Y2, 3 1 . i2515 X 5 
2h,' 99 X 100 6O 1' 0 

X 
438 18 066 11

Japan 1271 15 .13 591 118 47 13 308 3 Ili 1H 1 705 28
Jurda, X X X '3 ,0 '4 ,1939 108
Kaimpichea, Dem 0 0 . X 6 ' . I " ' 6X 
Korea DfT, Pople S Rep 1404 330 1 30, ,' X X -x 5) -i 
Korea Rep 449 641 1, X 1,)," .1.1 3 1 15 082 2 
Kuwait 28313 5/ X 2 619 61 1W1 1(1 195 69521 16 61 
t a3 People s Drem Rep 3 'W 0 x A 6 1 X X ,r r 22 333 X A ', ,, X X 
3.3a3.i,;'a 1 128 2 4 IX 913 23935 13T333 00 11) 213 "1221 
Mamjolka 57 171 57 Ill ,'x " ' X
Nelral 1 NMM X X X 8 ,
On131 1 320 87 X X 1 (9.1 55 26 X 410, 1 -it3.1 1,3090 66.3N
 

42,3•l,;Ia 159 37 33 28 10 310 62I 3. 3 '31 ,
 
Pn~hq);mn , 95 1 088 23 200 27 13 x x .18cl 66 ) 17 2:6.1 110a131 1.00.1 29 X 339 1 31 ,o' 186 337 637 3,5 110 1.18 380
,1a4j, Araba 1032,1 27 x, , 2114 23 ?.1 1 ?55 1 381 10.1 6 1' 605 358 
Srlq pore 6X X X x < A x 496 '15.114 196 1211 12535 100
Fri [anka 8 167 X x X x x x 57 27' 4 1 12,407 -33 

3
Syrian Arab Rep 418 131 x ,10"940 1A 3 UM1 '169 "90 27 141 H o8 16

Thailand 179 1 527 26 550 49 r111 90 NM 613 213 12 125 2, 525 
 :36

Turkey 517 48 380 101 8) 0 A 1 2,37 151 26 81 24 547 28

Uned Arah Em rates 2,752 70 x X 2 60:3 62 119 1 556 22 1 663 223 210 15.598 X

V3t Nan 182 102 176 100 X X X X 210 -13 4 -- 59 X 
 X
 
"3enen X x X X 
 X x X x 37 1750 6 1.2-13 20852 468
 
Yemen Derr) x X X x 52 25 80210
X X X x 373 241 X 
EUROPE 39,047 46 17,744 -8 9,185 482 8,689 104 60,984 21 124 13 
Albania 211 171 26 189 160 154 325 112 195 117 X X17 39 
AJ;,r,a 245 -25 38 --30 51 --57 51 -34 880 23 117 22 18,60 -20
Beg19111u 272 -19 169 49 X A 1 50 1.130 - 10 145 - 12 19560 -35
Bulrnala 557 18 477 31 13 - 7 4 7't 186 58 166 50 X X 
Czechoslovakia 1 974 6 1 908 5 4 56 2.1 35 2 831 25 183 16 X X 
De'lmatk 108 10700 0 100 99 1.l'. 9 X 681 13 133 - 16 15403 -33
Finland 156 346 .4 4310 X . X X 712 30 146 23 20244 -- 16
France 1829 -3 578 50 117 7 2-17 -9 6263 10 114 1 15 126 -26
German Dem Rep 2838 20 2638 13 47 1075 105 425 3710 21 223 24 X X
Gerrnany. Fed Rep 4 463 -13 3415 -- 373 46 2.1 9 8 -2019 - 570 9912 163 19:330 
Greecs 251 318 181 262 56 -1x x 650 128 66 103 2,1222 43
Hllqary 666 10 2,6 31 121 38 255 12.1 1.198 40 112 36 87639 -34
Iceland 14 180 X x x X X X 36 44 150 22 23758 -10Ireland 142 118 52 6 x 88 x 338 96X 52 27 32 5-13 0 
Italy 822 9 12 --48 101 58 521 5 5.165 24 90 16 22079 -9 
Luxernbourg 0 -100 X X x X X X 113.) -"0 328 -34 33.698 -60
Malta X X x X X X X X 17 89 45 62 19.717 -34
Netherlands 2,861 116 0 -- 100 578 605 2.270 104 2480 41 172 28 2-1.888 6 
Norway 3,054 1 205 13 0 1493 NM 1 166 NM 797 51 193 44 20970 -9
Poland 5082 33 -3893 35 10 -47 167 -10 4,903 .11 133 27 _ X X_ 
Porlugal 34 -38 X X 105 3517 5 X X 383 38 74 21.122 
Romania 2,763 ,15 621 92 512 -13 1.590 62 3,059 71 134 52 X X 
Spain 783 89 552 83 99 1.550 0 -100 2.47,1 70 65 50 21021 15

Sweden 430 -100 NM - 16 -33185 0 1 6 X 1 142 137 -19 14377
Sw!terland 170 48 X X X x X X 693 17 108 14 10.803 -1 
United Kingdom 8.302 96 1.221 - 67 5379 76 143 1,493 243 7,759 -2 133 -3 29.339 --23
Yugoslavia 1.020 62 624 51 173 41 107 174 1.676 99 73 77 40.616 11 

USSR 62,469 75 14,601 9 26,156 74 20,469 207 48,308 65 176 45 X X 
OCEANIA 4,569 146 2,845 110 991 172 603 905 3,278 58 135 25 
Autirala 4277 145 2 786 115 954 '63 489 773 2,787 57 180 27 23.609 6Fij, 1 X X x X x X X 8 14 12 - 12 9.270 -35
New Zealand 287 166 59 , 37 1 750 114 2.750 370 61 113 38 24.240 15
Papua New Guinea 1 NM X X X X X 30 9X 173 93 21.118 108
Solonlon Islands X X . X X X X X 2 100 8 26 15,911 X 

Source: II N Statistical Office, U N Populairon Divison, and The World Baik 
Note: a Ir '1,,de5 prim , electricity produclion shown itnTable ':? 2 
0 ' zero o es ta.. -ilf the unit of neasure. X not avallat)le NM - not meaningful
For add toeil infonl ,I. 1soeSources and Technical Notes 

301 



Energy a dMineras<L~ .:j ~ ~ ' """' ' 

~ 'TbIe22.2:producbonKi-of-,E'ct'ricity, 1960 ,84: 
;" '" ; "' , ' '. Y ,Total'l.,.- '7,Fousil-FuelFired Hydroelectric eotherma 'Nusnd 	 Nu'c;lear .i 

19 n'geover' ( ' .a.. Cha nge overm ga Changeover, '',.(g . (g984a . n,¢,. , ;i B ; ,'a (percent) gignecet er: ;:, i ,;:i, (g ; i.i"' u "',n 	 ve)i
watt- (ct .... ' wt ''(parcent)'r;' watt. prcent) (s Cnover 
hours) 1970 .1960 hours) .-. 1970 1960 hours) 1.'!970 ' 1960 hours) (percent)WORLD '.'' '>.99,267,420 2 87 - ;303 ' .6,114,340L~i,''65 279'. 1,978,118: '69 190"1,174,962 1,392 

AFRICA .. r ;. 156F.- "; '~!224,149 ;522v''.F173.797.'' 178 '; ,480 ','' 46,427 86 '669r $'; 3,925 NM 
* 	Algeria'T ' 11.450' 479 's.764' 11,200' 701 11,'146 2507 -57" -28 0 '01Angola 1,790 178 1',1152 - 455 , '267 " 1,322 ' :1,335 157' 1,103 0 "0 'B"enin' 	 5 -85' -50' -5 -85 -50' 'Xx' X 	 C' '0 '74Botsana 	 '. x 'Xx '. Xx x, X X4Cameroon' 25-" ', ' ' 	

X x 0 0 "'Burkina Faso 	 ' 115 328 1,338 ,, .115 326 1,338 X' Xx x 0 0'
* Burundi 2 1 2 	

' 

100 "X '100. x1 0 0 0 0 0 ''' CameroodeCape Verde: ' 	 2230 "92 1':46 110 817 .1,00025 25725:2 2.0 25i 25 2,400 ' 2,120x ' 84x: "136 0 0 
Central AfrlcanRep 68 45 2,00~2750 3 50 ,0 0,5Cha NM 65'. 48 713 0 0
,Chad;,i 
 65 55' 713 65 55 713'
 
Comors 10 40 x 
 10 400 X '0 0' 0 0 0
Congo 
 237 212 717 2;'-94 -80 235 434 1,137 0 0Cote dvoire' ~ . 1,918 271, 2,763 87b 242 10,875 1,04Q~ 300 1,663 ' 0 0 
Diboutl 148, 244' 1,544 48 244 '1,544. < ' X X" 0 0Egypt 	 '22,870 201 _767 12,360 328 420 10,510 123 3,942 0
0 

EquatorialGuinea 15 113
-6 150 -7 
 160 2 ".0 100 ' 0 0Ethiopia ' 760 ' 46 645 190 -27 '245 570 120 1,113Gabon 	 535 452 2575 275 184 1,275 ' 260 X ; X 

0 
0 

0 
0Gambia 
 42 223 740 42 223 740 X X X 0 0
Ghana 	 1,630 -37 389 
 40 5 -89 1,790 -38 x 0 0

Gbinea . ' - 499 29 X 419 15 .. 80.2.X . 0 . 0Guinea-Bissau 
 14' 40 367 14 40 367 X X X ' 0 0 
Kenyao ' 2,253 286 915 529 605114 1,724 413 1,073 0 0
Lena 	 X X (X X X X X X X 0
Liberia _ 	 89?. 79 797 ,,55 113 561 ~ 342 41 2.038 0 0 

0 

7,271 1,007 6,824 7,270 1,6075 6,824 X X•0 0

4Maagascar
452 4"
Malawi 	 322 204 58 343 248.,
511 252 X 27 93 X 112 307 0. 484 269 X 0 0Mal

4 153 160 920 33 14 120,120" 329 X'X ' 0 0Ma:i	 :ania 102 - 40 X 102 40' 'X X__ X ,: 0 0' 
Mauritius ', 455 107 
 i31 222 '65 27 124 0 0
Morocco 	 6,617 242 554 " ,241 7,605960 376 -72 -(30 0 0Mozamblque 	 1,945 185 761' ' 410 0 225 1,535 462 1,435 0 0'
Nig 	 245 528 2,963 245 528 2,963 X X X 0 0'N8geria ' ' 8,835 470 1,495 6,735 3,541 1,367 ' 2,100 54. 2,111 0 0 ' 
Rwanda 135 67 x X -100 X 135 69 X 0 0Senegal 
 684 107 439 684 107 439 X X X 0O0'erraLeone 	 280 42 583 280 '42. 583 0 0 0 0 
 ' 0',
'oralia ,75 	 168 650'~ 6500 ' X 0 ' 0 

SouthArca 122,383 140 402 117,758 ' 132 ' 384 700 474 5,285 3.925 NM 
Sudand ', 1,032 163 998 520 

' 

78 453 512 412 X 0 0Swzln 	 X X X X Xxx x x 0 0'TanzaniaUnitedRep ' 870 82 . X.255 47 . x 615 102 x ' , 0 0..Togo ' , 234 244 4,580 ' 149 126 2,880 85 4,150 X 0 . "0Tunisia " 	 3523,590 1,036 3,560"' 373 1,223 30' -27 -36 	 00 

Uganda 655 -'S8 "56, 8~6 -33 X 647 -16 54' 0,
Zaire" 4,558 41 86' 133 71 329 '4,425 40! ; 82 , 0 

0
0 "Zambia'1,8 962 X 35 -87 x ' 10,045 1,360 XZimbabwe 	 ' 0 0 ~ 4,538 -29 X 1,080 .- 7 , X 3,458' '-34 ' X ' 0 0 *-? 

NORTH &CENTRAL AMERICA ' 3,048,728 '61' 211 ' 2;015,973:"7 39 181 "' ' 652,420 '53 149'380,335', :1,67,, ,' 

Barbados , - 360 147 847 360 147 847 ' 	 X'. X ' ' X 01-, 0 .CanadaRic'437,990
,staRica 	 114 283 98,845:" 110 1,061 ' 286,644' 83 171 ''52,701 

; 
3,067 198 600 92 5 104 ' 2,975 	 . 5339216 657: ' 0 

'Cuba"" ~5 '~1,9 	 5 1 12,222 '155 '313 70 -23 250 ' 0 
,Dominican Rep ir4,009 	 300 1.1,45 "3,495 281 1,067 ' 514 505 786 0 0ElSalvador 1,684 1'51 ,574 120 - 39 757 1,564' '230 563 0 0 '.Guatemala ' ~ ~1,625; 114 478 . 1024 138 561 ''601 83 377 	 '0j'.'~ Haiti".,' 	 375 218 _ 17" " 115 '.-3 ,.28' 260 X ''X' 

".0 

Honduras " 1,060 237 	 0 '0 .1,065 186 56 148'. ' 874 346' 5.363 ",. " 0 0'Jamaica 	 2,400 56 372 '2250 58 489 150 :. 23 '. ' 19:i" ; 0 '4' 0, 
Meco "'k ' '' 87,083 203 r'705 61,700 '25,383 	 0 '' 0,'~3E0 '9941 "'69 '391'>',.:Nicaragua ' ' -;, 973 557" 4,T 466'' - 52 156:., '307 58' 10,040 ' 0>;Paa62,360 	 X'-'x 869''x7 x '1,491 ,x x ' 0'Triidad and Tobago 	 2,725 127 45 2,725-' 127 480 . :X 	 -' 00 ' '': ' 	 ''0 "' UnitedStates' . . ' " 2,472,304 51 193 1,813,482 ' 33: '' 161 331,163" 32 - . 121. ' 327,634. "'' 230"- "i 

77,, i~Sti-AMERCA 4 "4.77733,643'V2087 ;544'174,584 68'4/28' "251'.k9 ,81t'7461'g Nv 
SOUTH14 '461' NA0entna 	 44,914 107 329 20,399 1 114 19,874 1178 2.044' " 4,641 'NMBlVia ; 1695 115 280 500 :242 11421 1,195 86 ' 241''' '0 ,P..... 	 , 25 801,0Brazil '175,710 	 : ! ) '130218 ' : ; ! , 1 29 ,287 668 ' 10,296 784 '' 165,414 315 -'800' '.10' ' '0'' 

7Chile ~, '' '140 	 79 194 '4.165 >28 158 9.325 117 .'213.' < 0'''4 0''Colombia ' , 27.8 _ 221 641 7,600 '199 553 20,200 230 681: . '0" 0..
 
-'. Ecurador - 4,400 364 1,037 '2,650 $;387 1,150 ''1.750 '332 900o 10"
'4~Guyana' " ,9 ;297'2786''45 	 0 ,

X " ' '~;~.~.: .Paraguay .~ ;903 21. 32 3.85". 19 31 5 X x , X 0 '. 0 
ar 113 ~343 3,065 >'79". 231 .' 8,704 128 403 00Suinme50"'-5 	 1,482 '" 7350'> 9 '343, 'X0 ' 

Uuuy3-7 6 '1217 86 76 -'13 500 -182 ~418 '0 '." 0'~Venezuela "'"'''d7 .-- '249"85, ;'24,665;44:330' 	 > 187 '.441" -'.';198665 -379' 20,600 ~ 0 ~ ~0 . 

WQ, dP~t.1j~c, 193 



Total Fossil-Fuel Fired Hydroelectric and Geothe'rmi ' ' Nuclear 
haChano var ove 1H--" '-1 '84(gig.l : I gre-t (g I C,( -+ (percgnover .( n(percent) U -r I)g8.. (percent)r (gig Chan a overwatt. watt _,__ watt. wattr 170
 

Aurahours) 1970'' 1960 hours) 1970 1960 
 hours) 1970 4 1960 hours) r-" (percent) 
ASIA.1,664,058 ., 155 AV630 1,182,390 '~143. '~ 752 'J 315,334Th! 99' '":254 p166,334". 2,27


anian 1.045 164 778 280 
 1,547 4,567 765 ' .102 577 0 0 
2arain 391 ''' 391 879 X2056 87'I9 2,056 " XBanglaeshBhutan 4,292 X . 3,395 ,. X. 6979 X 0 i 0i30 50 X 21 950 XX 350X '. XX r 0"0 0
 

VBurma '. 1,726 188 300 872 330 221 654
8, 115 "434 0 0 
China 376,990 ' 225 535 290,210 204 458 86,780 323 1,073 0 0
CC us 1,250 105 430 1250 105 4030 X IX 0 0
Inda .165,440 170 722 106,860 "219 /, 770 54,745 117 598 3,835 59
Indonesia 21,330 827 1,424 " 
 19,105 1,711 3,138 2,225 79 175 0
Iran 37,168 450 X,", 30834 506 'X 6,334 280 X 

0 
0" 0 

' 

18,460 2,067 i7,q 549 1,995 610 X 0 X . 0 " 0571 17,850
Israe 14,909 117 545 ' 14,909 117 545 X X X - 0''. 0Japan 647,380 80 461 445,790. 62 682 74,803 -7 28 126,787 33't Jordan 2,3041 052 X 2,304 1,052 X' X X X 0 0Kamouchea.e. 70 "-47 17 .. 40 -63 -33 30 15 X ' 0 0

Korea, Dem Peoples Rep 45,000' 173' 392 18,000, 260 2,045 27,C0O 135 225 0 _0
Korea, Rep " 58,163 506 3,208 
 43.972 425 3,633 2,399 96 314 11,7C.2 NMKuwait 14,196 433 3.137 14,196 433 3,737 1':X X X 00 0
 
LaoPeople's DoemRep 990 2,052 7,515 
 .' 40 -13 . 208 950 X X 0 0Lebanon ,355 10 222 , 770 118 147 585 -33 437 00 0Malaysia 13,700 287. X 11,880 407 ) 1,820 51 ' 0 0Monfalia 2,206 303 1,981 2,206 303 1,981 'X X .' X .0 0Nepa ........ ........... 350 361 

Oman 1 3,082 35 59 775 315 4143 4,400 .0 01,675 1,495 X ' 1,675 1,495 X' X '' X X 0 0Pakistan 21,873 151 892 8.723 50 472 ' 12,826 340 1,786 '324 'NM 

i>" Philippines 20,800 140 682 0,116 24 ~'459 12,684 "505 891, 00>" mQatar.;,z= . 3,425 5.337 1,115 5,337 X X 0Saudi Arabl'a 1,115 3,425 , . X31,150 2,839 . X 31,150 2,839 X X X X 0 0Slngapore 9,401 326 1,327 9,401 326 1,327 X X X 0 0SnLanka 2,261 177 649 170 83 467 2,091 189 669 0 0 
SyaianA 6,757 614 1,736 3,880 335 1,048 2,877 5,131 9,490 0 0Tuaken '22,029 '385 3,609 17,948 551 :2,922 ' '4081 128 ' X '0 0 ' 30,630 255 988 17.185 208 848 13,445 342 1,242) . 0 ' 00UnitedArabEmirates 6,636 4,640 X 6.633 4,640 X X 3X X 0 0VietNam 5,800 ''174 ' X '4,000 16 X 1,800 193 ' X 0 0 
Yemen D. . 2951,539 . X 295 1,539 X 'X X "X i 0 0
~, YemenDem ,"280 ///46' 94 280 46 
 94'.: ,' 'X 'X' 'X 0 "'' 

EUROPE ' '- ''68 o' 246 ".12411,617 40 473,655 042,362,9994 7 956 '+++',++35 11 

Albania 3,020 220' 1,457''', 620 30 .ft749 :. '2,400 .. ' 413'.' 1,883 ': 0 ' ' 41.827 'uti 162 12,913 216 28,914 '.': 143:.. 0.' 
039 2 47 ' 36 0'' 0' .".

Belgium ,699 ' 76 254 25,595 -15 71 ' ' 361 47 1101 27,743 48 72Bulgaria .44,601 129 '858 27,100 56 3,501878 63 86 4000 NMICzechoslovakia 78,388 74 221. 67.880'' 64 209 '' ' 3,269. '-11i 31 ' 7,239 ' <NMDenmark 22,361 '!12 '332i ' 22,296' 11 333 '41 71 64 0 0Finland 43,311 104 402 ' 12,264 4 #~266 ,""13,245' 42 151 17,782 NMFran~.e ,306,800 109 325. 60,700 .,-28 92. 64,300. 12 " 59 181,800 3,083SGerman De Rep ,. 110.093 63 173'' 47 1,748 40, 183 "' 
i96,605 143 '.11,740 2,430
Germany, Fe Rep - 376,600 55 217 292,000 '33 175 ' 17,400 -2 34 67,200 1.014Greece 24,820 153 990 21,958 206 1,114 '2,862 9 510 , 0 0 

lna 26,293 81 245 22,293 54 196 234 '166 ' 149i, 3,166 NMIceland 3,853 162 599 V9 -78 -64 3,644 169 631 0r'tand 11,236 84 397 ' 10,s8 ' 96 693 
0 " 

' .688 -3 ' -26' ' 0 0 " y179546 53 219 127,508 82' 1,488 ' 45.151 3 -6 6,887 117
Luxembourg '' . 517 -76' -66 425 -66 "-72 92. 90 338 0
 
Malla '700 146 945 
 "700' '146 945 ' X' X X • 0 0Netherands',, 62,780 54 280 59,000 46 257 X, X ' 3,780 ' 927,Noray 106,072 84 241 327 -5 59 105,745 . 35 '. 242 '' 0 " 0Po an tf ' 134.792 .109 360 131,440 110 359 . 3,352 78 409 0 0 
Portugal 19.033 154 483 '' 11,000 573 6,818 8,033 37 , _f59 0 ' 0Romania) '' 72,530 107 '848 61,450 : 90 ' . 747 ii 11,080 ' 300' ' 2,691 0 0
 
Spain ' .115500 104 521 78,850 186 2,537 27,650 -i 77 9,000 ..
, 874Sweden- 123,503 104 256 ,432 " -77 21 ' 68,076 64 , 119 50,995' ''90963Sizrad48.141 415 152 884 "-37 ''259 29,861. 2 59 ' 17,396 ' .610
 
United Kingdom M20,491 '13 ~105'. 222,507, 2 .,69.. ' '4,005' -29"" 


, Yugoslavia 28 ~' 53,979' ''108 . ' 72,253.' 178 ' 709 ' 0,0,80 ' 255 1,261 ' . 27,753' 88: :.. 364 .''4,420 NM 

US-''"V 1''1493,000" , '102"' 411" A;li~40,20', "-87:,, 176 "9 202800 '463''" 298' '142,000, 2 3742 i ;. I
OCEANIA;...' #++ . . 143,843 ,106 365 .107,779" ',.125 36,064 0 

c 

, o. i6V425'l' ,64 .# 247' ';0 C" 41 
'~Australia ''-"112,947 110 37 99,436 '122 419 13.511 47 4235 ' "''''0i'''.'')Fi . 7 604 

.0 
3,. 145 '100 -37 82- 287 X X 0 0 ".''NewZaland ~"""26,519 93 288 5104 307 444 21,415 72 1 263 0 0'"'"~'PapuaNew Gut iea 1,495 683 2,523' 1:085 1,804 7,650 410 206 853 '' '"""'0"".
SSoomon sands"' 28 " 211 2700 28 211 2,700' ' X X X 

0
0 "''",r): 

0 -zero or less than half of the unit o measure; X not available NM not meaningful. ,i. 
.For addi!uonal lnforrnabon, see Sources and Technical Notes.''''' 

4', 
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Ta+be 22.3 Reserves 1an(1Resources Coom'merci Energya 
V ~~ '~''~~ ~ ,~ ~' ~ ~,Crude Oil Natural Gas 

"''~' r '~j milion (billion _._ _ UraniumCoaV 
(mlinmetric tons) (million metric tons)

Year <Proved Proved Estimated Year Proved '~Proved Estimated Recoverabie. '-overabie -Assured Additional 

Bituminos Lgnite and Sub-bituminous Coat metitns cubic meters) "~(metric tonal~. 

of Reserves Recoverabie Additional Aof Reserves Recoverable, Additional Reserves i -ewres Resources Resources
' Data, In Place Reserves Resources Datae InPlace, "Reserves >Resources (1981) ' (1983''''(1983), '(1983) ' , 

"~~" 1981, 920,000: 515,00,&' '~X 1981' 431,000 'V Xi 84,000 "'p81,000~4WORLDb 600,GOO;P X' 1,i455,800 896 800 

Algeria 1981 X 43 X X ,X X X 833 3,150 26.0000~Angola X X zX r X X X X X 180 X X,V Beiln ,X X ,X ,X X~ X X X X X X X'>Botswana, 1977 7,00O0 3,500 100,000 X X X 2X ' X X X QiBurkilna FaL X X ,X X X X X X X' X' X X' 
'~Burundli "'XX X X X X X X 'X X X X4' Camerooni X ,.,X 'X X X X X'~ X '66 150 X XCapeVerde X "'~X X X X X. X .X X '> X X XCentra frican Rep X X X X 1979> 4 4 X X , X 18000O 0Chad . X X X X X X X X X X X X 

Comoros' X X. X >XX '17 -


Cote d'vo ;. J X X X X 
 X X. X X 43 ,X X X 'Xjbtx Xx xXx X X X X. X X X1965 25 13 X X X 400' '85 X X ,I 
,,. Equaoriar Guinea ' ' X X X X X X X X X X XElhopia X X X X X X X X ~X X X X ' Gabon.' " X X ~X X X"X 66 68 19,400 0Gambia'" / X -X X -X X 'X X 'X, X X XGhana X X X X X X X X X X X X 

Guinea h X 'X X Xtx XX X X X X XGulneaEBissau > XI X X X X X X X X X X~ Kenya X X 'x X :X X X X X X X XLesotho'' 4 X X' "X X X X X X "X'X X XLibojria,' X X X _ _X X X X X X X X 
Libya KX X X X X' X X X 3pa 

X 
> 690 XMadagascar' 1977, 1,000 X X 1977 75 X A X, X X X XMalawi 197,/ 25> 12 X X X X X X X 'X >Malv, X X X X 1979 X X 3 X X .' X ~ X

X 4 
Mvauni.iila X X X XX X _XX X X X X ~ Mauritus' X X) X X IX X X X X X;~2.Morocco' 1981 134 45 X 1981 44 X X 40 

X 
X X 

"X 
''A'Mozanmbique 1976 240 240 155 X X X X X X' X X> ' Niger' 1979' '5 X X X X 'X X X X '160,000 53,000,.'Nigeria~ m ++++ +++ +++ X 1979 1,000j 2,25119/9 +' X+++ 21 '338 169 '' 1,200304 ++++' '...... .....+++'I'+++ yp++;+ >J2 .. 1 ++ 4+'+'+ V.. "4 V '4 A++++++++++++,'+++ X X++++++ '<+ '< ,'QI .......' .... . . ++++ +++++++ G+
Rwanda' X X ,X X X X X X X X'Senegal ~ X X' X' X X X ' X 'X .X X .' X XSierra Leone' X' X ' X X X ' X X ' X' ' X ' X XSomalia 'X, X X X X X X X' 'X X XX

South Africa' 1981 112,000 51,850 ,17100 X X X 'X X ' X 191,000 99000 ~~ 
S an" ' X X; X X' X X X X ' 27 3 X XSwaziland '1961 2,020: 1,820 3000 X. X .X X' X X. X X'Tanzania, United Rep 1979' 304 '200' 1,500 X ' X X ~' X 1 '4 X 

Uganda' ~X X X X X 'X X X*X XZaire '1978 600 600 
'X 

X X 'X X X '20 2 '1,800 1,700Zambia ' ~ 1979 '32 24 98 X X, X 'Zimbabwe 1977' "1,535 734 .' 5,820 1979 965 ,X 
X X ' X X XX X X X X ' 

,NORTH &CENTRALAMERICA'~''',> >' '2'', V'2>'' ''>~''J2-

Barbados' ' X" X' X 'X X X X, X X X X VVX QCanada '' >1981 X 1,607 25,687. 1981 X ' 4,299 32.035 901 2,563 176,000 181,000Costa Rica' 4 X X X 'X X' X ' X X X X X'~' 
' X X
U DominicanRep: X X' X X X 


'2 Cuba' X X' X 'X X X X X X 
X 'X X X X X 'X 

El Salvador -X X ' X X X X X X X X 4X 'X, 'Guatemala 'X X X X ~X X'X X '8 X X 'XHaiti 'X X X X 1979 13 X ", 27 X X X >X '>Hnduras X> X 'X ' X1979' 21' ' X' X ' X X X ~X 
Jamaica__ X ;X -X X'X X~' X~ X X- X~
Mexico 1981 1,6237 1,295 1,960 1981 496 400 6,907 2.900'~'' Nicaragua X 'X X X X 

620
X X X X 

2,134
X 

3,500 ' 
X "X'>U Panama' X X X X X X X X X X 'XTrinidadandTobago X' X X> 'XX X X X 82 320 X 2<X'United Stales 1979 223,725 '125,353 472,103 1979 205113 >131,750 69,321, 3,967 5712""131300'' 30,400'' 

VI-i SOUTH AMERICA~>>~," ' ~ " 4'~ >V~Z >>~V~>I:>4 

iq Ar antna' X X X X 1981 * 195 *130 '7,735 790 ' 620' "- 18,800 Vf i 7 ,000 ii 

Brazil X , X 'X X'1981 23,000,. 13,000 X 371 81 163,300 92,40W
'''Chile ,,X X '27 291 1978> XQ 1,150 0X X ' X'--'- X ~' <>Corba 1979' 2,025 1,010 720 199 , .8 VI,25 W790V 71 140' ' X' >X~>
 

4 
' Ecuador,~ 4,' ~ 

2 
X X X 1981 'VX V 18 ~ 6 228" .328I' X'i X,7V
 

yana ''98 X~"'' ~ rX ,-,'5 X X' X , X X' "~X >'V 

Peu66'98 8XXX 116-- 34' " Suine ' r" "X X >X' X X X' 'X ',X' X' X'X 'X"I.U'>,X.
SIUrguay ~ ~ ~ 'I X X'"< ' X, ' X X ->' "' ~ X -> X:4I'V'IX" r,- X ' Venezuell 'I ?'' 181'> 'X 1~'714' ,010o ,1981A'. '.Xi- "34 14,058 A 932 '" 1318 ' 'X I~>"X 

304. n '.... 



'4 ,, 	 ,~CrudeOil Natural Gas .Ua~nL~. 
~.... ignte~nd 	 V.(Milliionp4i
-	 lbillton,-_ h (metrictnlum,1'"umious Lte'a btuminuboal Coal metric os. cubc ._ mtr.....s) '"' 

i10:' - v' (million metric tons) - . . (million metric Ions Proved Proved ''Y Reasonably Estimated 
Year Proved .;Proved Estimated Year Proved Proved Estimated Recoverable Recoverable - Assured h'- Additional

' of, Reserves Recoverable Additional of "' Reserves Recoverable Additional Reserves Reserves Resources Resources 
... InPlace . Reserves ":.-.Data''4Resources Data ...In Place Reserves Resources (1981) (1983)'.' (1983) (1983)' Aeouce"" ' 4:'. . 

Afghianistan '1965'> 112i, 66 400 X X X X X 75 ""iX'<"':-BahrainX 	 X X X XX X X 	 29 280 ""X ' XXBangladesh 19 1 1,054 X .'X X X X X X .192 v X .Bhutan , 	 X X X X X X X :X X ' .X' . X XlBurma 1975 5 2 120 1975 X 80 4X 250 X X
 
China ".,X 200,000 99,000' 1,326,000 X X X 40,500 2,714 '"700 X 'X
C X X X' X X X X X X X X X


1981 26,331 X 85,547 1981 1,581 1,943 471 420
1,581 	 32,000 900'4~' Indonesia 1981'~102 X 477 1981 591 X ,~15,445 6,738 " 900 X X jIran 1972 385 193 X X X X .X 7,776 11,000, X
 
Iraq X X X X X X 
 X X 4,052 780 X X;/
Israel., 	 X X X X X X X X 3 4 X X
•Japan. 1981 8,479 997 X( 1981 175 ' 18. X 6 15 7,700 XJordan X X X X X X X X X X " X XKampuchea,0em 	 X X X X' X X X X X X . X X 

S KoreaDem People'sRep 1978 '2,000 300 2,700 1978 300 300 2,20 X X , X XKorea Rep 1981 366 192 X X X X X . X X . XKuwait X X X X X X X X 8,797 1,000 X XLaoPeoplesDemRep 	 X X X X X X X X X X, X XX '4 ."4Lebanon,..... . X X X X X X X X X X X
 
Malaysia 1981 X X 88 1981 X :380 30i 1370 X X
Mongolia X 12,000 X X X 12,000 X X X' X


X X X X X X X X X K 
X 
X 

X 
XNepal


Oman X X K K X X X 
 K 351 57 X X,Pakistan. 	 X X X X 1979 145' 102' 310 13 450 X X 
Philippnes 	 X X X X 1979 170 82 X 3


X :atar KX X X X X 469 1,800 
X 

X 
-
X 
X
 

SaudiArabia 	 X X X X X X X 22,456K 	 2,700 - X XSingapore 	 X X : X X K K X X K X X
'k 'SriLanka-- - X X X K X X X X X X Kx
Syrian'Arab Rep 	 X X' K 'K Xx x x 200 42 X X
 

Thailand , X X 1981 ''15 471 1,418 X 
 112 X X " 44 Turkey 1978 285 186 924 1978 3,924 1,728 : 280 38 15 2,500 X
'UnitedArabEmirates X X X K ' '4,390
X 750 .X ;" XVietNam '1965 300 150 700 1965 12 X X X X 'X X 
X X X XYemenX X X X X X X ,

Yemen,XDe r , X
m 	 X X X " X X X X X 

1'~ Abana." K X K X X '15, 'X " X 20 8"' K K 4oA!srial' X K x x 1981 136 80 85 	
' 

17 9 0 700,D /44
S Belgium' 1981 1.085 627 15,000 X p. X X' XK. KX K 	 XBulgaria 1979 36 30 1,200 1979 "4,418 3,700 ' 700 2


Czechoslovakia X 5,750 2,700 5,500 X ''.220 2,880 1,620 3 10 
7 X
 

X KX,~4Denmark 	 X X x i x X 680 52 65 X 0 
F-Finland X X K x 1979 "X X' " X X K 0
France 1981 1,050 398 'X 1981 ' "00 64 8 20 82 58,200 26,600
GermanDem Rep : X K X 1981 X , 0 X K ':X X
Germany,FedRep 1981 44,000 29919 186,300 1979 55,000 35,150 X 43 
 179 850 1,800 
Greece X X X X 1976 3,600 1,550 1,150 10 110
Hungary 1966 450 225 350 1966 4,4200 4,000 4,200 16 120 

X X 
X
Iceland. '4. 	 X X X X 	 X X X X r X Y>: ,

Ireland . 81 7 5 " 391981 12 	
,',"

9 33 X' '35 ' X X 
K K' 1981 20 78 302 72 190 " 2,850 4 jX'

~'Luxembourg" '~X X K K K K , 'X K X '' K". XMalta, ' ' 	 X.' 'X X X X 'X XX 	 KK KX
Netherands 1981 1,406 497 X X' 
 X X . 18 .	 X X
Norway :, 	 X X 181 '35 30 100 641 471 ' X,Polan 1978 60,000 27,000 ,84,000 1978 '16,000 12,000 ' '24,000 4 130 X X
 
Portugal " 1981' 28 20 39 44 ', 37 7 ' X
1981 	 .X.: 6700 1.000Romania . '' :X 'X X .. XXX X . X . K .... ' ' ' X X
Spain .. ' ' 1981 .1,085' 868'.' 1,8011981 917 . "823 918 18 14' 15,650 "'5000 
'Sweden'' 'X 'X 'K X'1981 ''4' 1' 20 .X " X~ X 300i

Switzerland'' KX' X ' ' X 'K X X.~ X X ' ' X. . K X
 
Urted ngdom ' 1981. 	 185,400 X ' X
 
Yugoslavia ''', .>-K1971 .80" 70 '.,22 1978" 17,760 .16,500..." 3,775~.' '41 ''"'40' "y
1198 e 108,800 710,000 1981 	 47, , x,., 30,700oo , ' x' xusSR,. ."' "7'. 	 "136,000 1 8 1, 152,000 13i1,50, 2oo 900' i 

A',straiai , ' 1981 48,540" '27,442 	 38,2680 4' -369.000.;'4O - 507, 000 1981 '42,286" 187.400' 216'. '64 ,'h 314,00 

New Zealand 1981. 40, 37 450 1981 2,167 291 10,728 0 190" X28

'popuaNew Guinea ~, K K, K K K K, '' 4'' KX ' :X
PSoloon Islands ' ' X X ' 'K ' " X , ' XK' ' .'.X ' ".'K
4XX' 4' ' K "'r ' X .X : 4A' 

' Source: U.N StatisticaOffice" ' 	 ~'" '''"''~ 

Notes-O ntra, Hydroelectric potential sshown inTabe23.2 4"'"' '' ' 2 '":?,2'' 	 '""""'''I".""',--*1'''
bGlobal data Include estimates for caJntrles where data are unavailable.*-4;''-' ~ ' 1
 

-.;0 'zero; K- not available4 ' ' ~.. . ~~ .''''~' ~
 or addtional intormalb-n, ase Sources and Technical Notes 

'4 III "' 	 42!4,- 305 



En~rgyr and inerals 

224r and Waste Generation, 1970'85, 
Number of Reactors Net Capacity (Megawatts of Electricity)' 

. Planned or' - Planned orunder ,ndera . iI.p..able ..... Construction .istete ... -Spent Fuel Inventories...-.Construction (cumulative metric' f".: " 
as of asec98 197 195 18 A8 

1970 1975 1980 1985 "31 Dec 1985 1970 1975 1980 1985 as toneof7heavy 19Dc~ 1m80e 
WORLD TOTAL 2' k66' 151 "234: _372 262 1547 6837 '132,782 '254,178: 253,119 ' 
MARKET ECONOMIES 54,, 1 19 07" 160 10 ;'13,963 8214117,573 ''218,577 157,037 6,219 17078 36,711 ,'59,600 
North America, p 14k >57< .77 112 , 43 ~ 6,43 3855 8956, ;411_ 145 2,4941N, 9,811ia'1o,000, 

Canada 1 5 9 17 6 22 2,678 5,150 10,007 4,936. 96 ,989 3,314 6,600''Mexico 0 0 0 0 2 0 '0 0 0 1308 0 0 0 00United States 13 52 68' 95 35 6,411 36,475 51,176 79,529 38,675" 49 1,505 6,504 , 12,400 

.Asia~ * , 6 '16 31, 50 .55 ', 1,658 ',7,019~ 17,712 ' 32,6602 45,869 ' X" '~< X'< 
China 0 0 0 0 9 0 0 0 0" 5,688 0 0 0 '0
India
Japan 4

2 
12
3 

23
4 

33
6 

31
4 400 602 804 1,244 880 X X X X1,258 6,292 15,011 23,669 29,745 X X X , ' XKorea, Rep 0 0 1 4 7 0 0 564 2,698 6,436 X X X X 'Pakistan 0 1 1 1 1Philippines. 0 0 0 0 1 

0 
0 

125 
0 

125 
0 

125 600 X X '(X X
0 620 0 0 0 0 -Taiwan 0 0 2 6 2 00 1,208 4,924 1,900 X X X X 

Europe ' 34 54 86 140 "i55 '5,872 16,224 42,164' 92,S36i''58.797 6 35,600~',060-14,220~ 25,,095 
Austria 0 0 0 0 1 0 0 0 0 692 0 0 0' 0Belgium 0 1 3 7 0 0 393 1,656 5,460 0 X X X XFinland Ci 0 4 4 0 0 ,Q 2,266 2,266 0France 3 X X X' X(6 17 43 21 1,190 2,478 12,468 37,813 26,470 X X X XGermany, Fed Rep 1 4 10 17 11 328 2,744 8.523 16,381 12,304 X X X.Italy 2 2 3 3 5 397397 1,270 1,270 3,908 X X X XNetherlands 1 22 2 0 52 497 497 497 0 X X XSpain 1 3 3 8 10 153 1.073 1,073 5,667 9,658 X X X X

X 
Sweden '0 8 0 3,1305 12 0 5,515 p9,440 0 'X X X XSwitzerland 1 3 4 5 2 1,020350 1,940 2,882 2,065 X X X XUnited Kingdom 25 28 32 38 5 3,402 4,492 6,956 10,670 3,700 X X X XYugoslavia 0 00 1 0 0 0 0 .620 ,. 0 .X X X X 

~ Other., " 0 1'' 3'S '7 ' 0 45' 1,71 ,41 "7,452 "7",X' *'X', ~X'" X 
Argentina 1 2 2 1 0 345 '945 945 692 X X X<,04.Brazil 0.0 1 1 X4 0 0 626 626 4,960 X X X XEgypt 0 0 0 0 2 0 0 0 0 1,800 0 0 0 '0SouthAtrica '.0 X X X j X0 0 2 0 0 '0. 0 1,8344 0' 

'NONMARKET ECONOMIES 12 23 37 65 102' '. '1,508' 6,238. 15,209 'n35,601' > n96,082' xX ' X"',X S X, J 
Bulgaria 0 

Cuba 
2 3 4 6 '0 810 1,215 1,620. 5746 X X X X0 0 0 0 2 0. 0 0 0 816 0 0 0 0Czechoslovakia 0 1 63 ' 11 0 104 864 2,094 6,402 X X X XGerman Dem RP.p 1 3 5 '5 10 70 88 1,702 1,702 . 4,080. X X X XHungary 0 0 0 2 6 0 0. 0. 816 2,448 X X X XPoland 0 0 60 0 0 0 0 0 3.660 0 0 0 0Romania 0 00 0 6 0 0 0 0 3,924 0 0 0USSR 11 17 26 48 55 1,438 4,438 '11,428 29,369' 69006 X 

0 
X X X 

Source: U.S. Department ofEnergy, . ' ' ' ' ' ' ,? i
* Notes: a. Nuclear electricity generation data are shown inTable 22.2.' b. "Market Economies" aggregate includes data for "Asia" and "Other.' Data for"Nonmarket ELzonomies areunavalab e. 0 - zero; X - not available. Fe,additional information, see Sources and Technical Notes ' ' ' 

Table 22.5 Producersand C Selected Metals, 1965-85 
Annual Production sA ons 

(thousand metrictons) (tuadm
1965 1970 1975 1980 1985 1965 1970 1975 19EO 1985 

ALUMINUM
United States 2,499 3,607 3,519 4,654. . 3,500 United States 2,852 ':3,4R8 3,265 4454 4,400USSR 840 1,100 -1,530. 1,760 2,200' Japan 286 90 1,171 1,639:'q 753 887 1,816nada 972 1,068 1,282 USSR . 1,000 1,281 1,580 '1850 1,750Australia 88 206 214 303 851 Germany, Fed Rep 387 670 704 1,042 " 1,158Germany, Fed Rep 234 678309 731 745 China 95 180 300 550 '700Norway 279 522 595 653 724 France ,249' ' 413 '399 601 5'6Brazil 33 62 121 260 540 Italy'' 128 '279 270 458 k470China ' 100 130 20-0 360. '410 Brazil '52 134 209 ' 296.Venezuela 0 25 367''45 321 396 United Kingdom 364 404 393 409 350Spain 52 120 210 386 370 Belgium 117 175 ' 118 233' '' 285 
Ten Counirles Total 4,878 7,052 ' 7,999 10,497. 11,018 Ten Countries Total 5,529 7,904 8,469 11,532 11,882World Total 6,318 9,653 12,145 '15,383 15,289 World Total 6,699 9,928 11,299 15,285 ' 16,038 

COPPER'''" 
'" .'Chita 606 ' 711 .828 '1,068 '1,356 UnitedStates 1,819 1,854 1,397 1,868 '1,906~United States 1,226 1,560 ' 1,282 .1,181 '1,106' Japan. 428 821 827 '1,158I l;'' Canada 1,231"461 610 . 734 716 724 USSR 408 841 1,035 935.'990USSR 323 451 '580 590. 600 Germany, Fed Rep 536 698 635 748' 75Zaire ' 289 387 495': 540' 516o China. 120N, 200 315 386: '446"Zambia' 096, 684 '677 ' '596 ' 483 'France 287 ,~ 331 365 433 "398

' Poland '15 " ~72 '' 230 346 .431':Iay 
192'r-, 274' 299 388 ,362Per~ 80. ' 22 ''13 37 97',United Kingdom , 651J,4 554 451 40D90 306 ' L','i~yi~'4 ' " ' ''' 10 ' 3 4 7 kA' A,'i ,,' AdMeic ' ~ ' 15~ ~ 61~' 79 17 29 Begim99' 145 '177, 304 '31 

, ' Ten Countries Total 3,943 ''4,914 "j5,317 5,822 6,0 TnCutisTtl 4,742 ~'5,946 '6,893' (6,912~''"5,696'~World Total'. ' " i 4:690' 6,262;"'7,000 7,394 '8,114 'World Total. 5,750,'7,172 <.7,260 9,8 '9,281 
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Thble'22'11115 Prodic'ers anddConsumers of Selected'Metaks; '1965-85 
*;'(continued) 

(thousand metric tons) .	 (thousand metric tons). . 
1965 1970 1975 1980 1985 	 1965 1970 1975 1980 1985 

Austraita 368 457 408 397 491 United6States 75 ' 894 820 1,0940 1,142 ' 
USR350 440 480. 420. 440 USSR 385 486 620. 800 660UnitedStates 273 519 564 550 424 Japan 	 147 211 189 393 395Canada 275. 353 349' 297 .278 GermanyFed Rep .271 309' 225 333 345Peru 	 154 157 184 18 1'nre~ndm ' 32 262 238~ 296 274 ,","Mexico , 167 77 179 147 200 Italy 94 168 146 230 '14 275

China 100 100 100 160 160 China 	 100 160 185 210 220Yugoslavia 106 127 127' 121 110 France 145 193 . 174 213 208 iMorocco 77 73 64 115 101 Yugoslavia 43 45 83 128 139Bulgaria 100 96 114 116 96 Bulgaria X 77 95 110 115 
'Ten Countries Total 1,970 247 2,568 2,512. 2,510 Ten Countries Totai 2,250 '. 2,803 2,775 3tt51 3,728World Total ' 2,753 3,471 3,581 ' 3,577 3,392 World Totai 3,179 .914 4,759 5,392 5,308 

K . 7 NICKEL 5 
USSR~ .18085 110 ~ 162 154 USSR 	 110 130 ~ 115 132 .161'Canada 242 277 .. <242 185 152 United States 1156 141 133 12..42 147Australia, '. 0' '' 30 76 74 85 Japan 27 98 90 122 136
New Caledonia 31 105 133 87 73 Germany, Fed Rep 31 - 41 43 68 , 76Indonesia 4 16 15 53 49 France 21 36 32 '38 '32
Cuba . X 35. 37 37 32. Italy 9 20 17 27 291Dominican Rep 0 ' X 27 16 26 Unted Kingdom 37 35 ' 21 23 ' SouthAfrica 3 12 21 26.,25 China. .X ' 18 218 1 
'Philippines 0 0 9 48 19 Sweden 13 23 22 20 17Botswana 0 X 6 15 ''18 India 	 X X '3 12 '"14 

" 	 Ten Countries Total . 365 585 717 ' 696 658 Ten CountriesTotal 404 524 494 ' 602 658

World Total 426 628 808 759 777 Worlu Total 428 567 570 715 792
 
Mal s- 64 73 64 ' 61 37 UnitedStates 63 57 56 56 52 

U0 	 a 23 27 30 36 23 USSR 29 17 23 25Indonesia '.15 	 19 '25 . 33 22 Japan~ 1 8 29 . 28 31 32Brazil ' 2 .4 5.. 7 '' 22 Germany, FedRep 13 15 13 . . 16 16Thailand 19 21 16 34 20 China 115 13 '.: 14 13 11Bolivia 23 29 24 22 United Kingdom 21 19 1418 .10 '9
China . 25 '' 20 22' 15 . 15 France 10 '11 10 '' 10 7' iAustralia 4 9 10 12 7 Itay 6 7 8 6 5
United Kingdom 1 2 3 3 5; :3razil i 2 3 3 5
Peru'. ' 0 0 0 1 .4 'Neherlands '4 6 '~4''5'5 

Ten Countries Total 178 204 200 223 173 Ten Countries Total ., 180 175 174. , 177 ..... 178WorldTotal 205 ' 217 . '219'. ' 236 191 "'World Total 1223 225 '' 216 ' 224 232 
'7 ... .... . . .. ... . . . ' 

Canada. ' 826 . 1,239 1,229 ' 1.059 1175 United States 1.221 ' 1,074 . '39 .810 941USSR 	 470 610 690 785 :810.1 USSR' . ' . 401 ' 510 900 . 1,030 810Australia 355 487 501 495 734 Japan 322 ''' 623 547 752 780
Peru 254. 299 '385 488 5i Germany,F dRep ' 34 39 ' 297 408 409
Mexico .. 1 . 225 268 289 236 ' 280 China 	 100 150 200K' 350United States 554 485 426 317 252 France 	 22 0  16 220 223 330 247Japan ' 221 280 24 238 252 Italy 116 178 150 236 218Spain 39 98 84 3 228 United Kingdom ' 282 ':278 .207 181 195Sweden 93 il 167679 207 .Brigium 123 128 101 155 169
Ireland '.1 	 97 ' 229 '192 .Canada .'67 '85 '110 . 150. 133 157 
Ten Countries Total 3,025 3,954 ' 4,036 4,197 4,719 Ten Countries Total 3,170 3,667 3,636 4,233 4 276World Total. 4,235' 51,615 '6,111 '6,213 6,6-"6 World Total 4,054 5,042 , 5,036 ' 6,181 6:,323 

USSR 153,432 1 195,492 232 803 /244.713 248,000 USSR 128,895 159,392 189,177 218,417 '201,078iBrazit '.' ' 20,754 ' 40,200 '89,894 114,732 120,000 Japan

.Australia'.. 6 803 :97,651 X9000 China 38,500
51,189 95,534 	 '44,000 66,400 60,900' 94000China ' : ' ' 39,000. ' 40,400 65,000 68,000 80'000 United States 125,132 133,676 115,952 .D1,461 73,674'United States . 88,842 91,201 80,132 70,730 49,533 Germany, Fed Rep 44,392 54,141 48,216 53,353 50256

India 23,810 31,366 . 41,405 41,936 44,546 Brazil ' ' ' 5
Canada- 38,250 47,459 46,868 48,754 39,889 France' 5,4295 1,47617 11,3952 9,9483 2642South Africa 5,816 7,728 12,298 26312 .24,393 Italy '8,73 1,4,7 1734,4 2 04,49 250332
 
Sweden 23,354 ' 3t,509 30,867 . 27184 :20,454 Czechoslovakia 10,856 15,780 17,720 18,894. 17919
Venezuela . 17,510 22,100 ' 24,772 ' 16,102'" 15,480 Poland 11,664 13,91 14,097 20,985 17218 
.Ten Countries Total '421,592 558,643 1721,691 753,999; 742,295 'Ten Countries Total .473,495 '591,2461 655,909', 709,071 .656,582"World Total 620,982 ' 769,163. '.902,018' 895,887 858,817 6'.,.' 895,867, 858,817World Total' 620,982 1769,163A 902,018 

CRUDESTEEL 
USSR ''91,000 115886M 141,325 147,941 155,000 USSR 91.000 115,873 '141,325 147,931 :1599645'- ,Japan 41,161 93,322 102313 111,395 105,281 Uniteotates 125,723 124514 113,945 111,525 10379UnitedStates 118,985 119305 105816 101,455 .67 Japan 31548 75835 73469 82764 76638
China 15000 18000 25000 37,120 46,700 China ' X X 37217 54,351' 

'Germany, Fed Rep_ 36,821 45,041 40,415 43,838 ::40,500 "Germany, Fed Rep 32,851 41,983 32,959 27,690, '31,920", 
' Itl ' 12,681 .17,277 218a36, 26,501" '23,744 " 20,539. 18,618 ' 26,8084 '22.4023" '''Italy' "'292' '. Brazl 3024 _5.390 8,308 15,a39j'' 20,456 Brazitb,. "3013"'' 5,178., ,2C0, 9,249a~~-,''' 	 "11740o
France 964 - 23,773 21,530 23,176.'" 18,832 .,France '.16,935. .24,175" '20,297- 19,457 15"' 4 "Poland 908 11,795 ,15,007 , '19,485l '16,100'. Poland 'it~1 739 ""17,328 ' ltj,()0 '"15352 '"4.'"6",659
United Kingdom 7440 28316' .20,198 11,278' 15,722 1United Kbin ~"~ '24,076' 26416"" 20,729 11,962~ 14,667 ~ 

'' 

Ten Countries Total. 374,804 478,105, 501,747 537,527.' 522,402 ""Ten Countries Total "'346,101.. 446,252, 446,9504 492,114 '2504248..,' 
'~"World Total2' 459,300' ,.594,4182' 643,798: 7113,788. 714,970 ~WorldTotal'' '459,300" 594,418 ,643,798'r "713,788 714,970ii~i!2 	 63 
Sources. U S. Bureau ofMines, and World Bureau of Metal Statistics (London)..' .' 4i- ''"', ,,''j"''' '"' ' 2k "Notes: a,1984, b.Rolled steel only, 0 - zero or less than half of the unit o!measure: X -not available For additional information, see Sourcet an~dTchnical No'es ".~~4I~ 
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Irael X X X: X i XIsalX ;. :X X - 2X194 0 X 
Japan X X X X X 0 16 'lop22 16 21 19 
 30 34' 41 43 4bX
Jordan ~ ,X X X X X X X 0 1."X
KoreaRep X X X XX X X 31 32 " X 
Malaysia XPakistan X X

X X X X X 13 "'20' XX X X X X 19 17 ') XPhilippines X.. X ' X X 24 14 ' XS Lanka X X X ' X' X X X 14"' Taiwan XX X X X X X X X X XTh.iland X xTurkey X X 
x x x x X 82 26 XX ' K XI X 27 X X 

Austria ','X 23 X 7 1 1 26 24 46' 30.
44 36 67 5 9 127 38 35<CzcolvkaX 37 
X 26 

X X X K X, X ~ 31 56'a K 
-' 'Denmark 100 X X X '16 31 29 16Finland, , 9' 2 X X K 20 30 44' X 

' France 56 ' 4 " 3 18 11' 6 2 43.39a25' 25German Den Rep XX K X X 'Germany, Fed Rep 529 X779 279 13 37 28 27 56 '428 33Greece X -3 K X K 0 4b 1X 13Hungary X K X K K K X 31 26'lre1and, X K KX K X' K 7Italy 22 58 64Netherlands ' 25 5 
6 7 3 18 30 30b 24X K X 34 47 54Norwa 5127 93 25 X KX 56 20 22 21' XPalanU X KX K X X K 31 ' 32b ' 

i"'Portugal X 44 60 X
Romania X K 0 8 44 ', 11
X K ' K K KSpain 
'X 

X. 469 239 .X1L 30' 28b X 
S 

10 10 '28 32 44Sweden 13K K K 21 3 K '22 29 49a XSwitzerland 'X X _.. X X 32 41 89a 44,
UnitedeKingdom 689t 729 849 30. 31. 30.Yugoslava' X X ' 'X-

29 30 358 '-:10X '' '8' K 31' 34 ~'.X 
USSR ' 'K-> ' x'XV~ X XX X~ X~: ""' h X' 
OCEANIA hi, 'k''K 4 ' 4a"'" ''' 

'Australi''I4 ol 3 2~ 11 ' KX 45 77 0 26 ~ 40 'i '~X'New Zealand':" K' X K K .X I0 11bK 'X''' 
Source: World Resources Inst'itute and Ir.'ernational Institute for Environme~nt and Development.'"''Noe:aaste paper collected as percentage of consumption of rccyclabieand paperord b1982-;Sc.Recover icudes oldirect old scrap used by manufacturers:)cd.Consumplon Isapparent aluminum consumption; e. Recovery IncIudes only oscrap L..ed in the production of rufined copper; I 19841 g Production of secondary refined tinincluded; h, I cludes Luxembourg ird the lcthedands;I Includes Finland, Norway, and Sweden
-4 - zero orless than halt of 1 percentl; X -nol ava;Iabla'-'
"'0 

' Fradd4ial Information see Sources and Technical Noles, 
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Sources and Technical Notes 

Table 22.1 Preduction and 

Consumption of Commercial 

Energy,1970-84 


Sourtces: Energy: U.N. Statistical Office, Energv 
Statistics N'arbook 1982 and 1984 (United 
Nations, New York, 198-1 and 1986). IR.pulation: 
U.N. lR)pulation )iviston, MorM!ibpdletion 

Prospets: Lshinotes and Projections (is 

.4s.sessed in 198 1(United Nations, New York, 

1986). Grross National Pr duct: unpublished data 
(lIe World Bank, Washington, D.C., Novemober 
1986), 

Energy data are coeopi'led by the UXN.Statistical 
)ffice primarily from responses tocLuestioce. 

naires sent tonationalgovernnments, supplemented 

I7yofficial national statistical publications. 

Additional data and analysis are provided Iy 

the Organisation for Economic Co-operation 

and Developmett ttee l'etroleum
)rgaeization eef 
tpcrting Countries, the International libour 


Organiatiee, the United Natiens Food and 

Agricultir. Organization, the lterneational 

Atomic Emergy Agemy, tife Internatieal Sugar 

Organizatio, andctlee U.S. )epartment of 

Energy. Wehen official
data are not available, 

the U.N. Statistical (tfll.we prepares esineetes 

based on the trenfe.ssiona -ld commercial 

literature. 


ii tal iproductin efcoemmeercially trad-d Ieels 
includes lheI1)dletiOn efselil, liquid. and 
gaseous fuelsand the prodctinl eefprimnary 

electricity (shown in lctle 22.2).Solid fuels 

include uiteciil(ous coal, lignite, peat, and oil 

shale burned directly. ILiqil fuels crude
incf 

petrtleume acee natural Was lieiei(t. tlaseees fl-I 

isnatural gas. 


Fuelweed, agasse, ch are ee, ae all forms ,' 
so)lar energy are exclded from prodluctieen 
figures, eveu weee traded 'leelnerciallY. 

Coesumltion is dehiit'd isehnlestic lertlhe
tionplus net iplprts. tleieeues Iltstok ieecrvas.. 
iees aircraftmaric, bunkters. Iltal conee-aend 

SUniitien ictld' s ,'nergy Ire lis. lieis. 
gases, and prieaeery teletriity. 

All the eroductiem date leld coe-te- total 
sunliiee data at(e inPwtaljetets, or I quadril-
lioe jeetles. ()iepetaeetul-equals IJt)(}O9.I't 
Quads (quadrilliee British Thermal tenit., aed ti, 
tle equivalet of16,4-Itf0 1 N. stela" hae-rl 
rels ofoilor 3.1,140!.N. staedard" emeetricte,"1 tsrld 
of coal. The leat content ofvarius fte-Ic has 
beeniconvertel toceeal-equiveale-nt and tIhen 
petajoele-euleivalent valles using countrv- antd 
year-speecific coniverseci Icleos. For examh'.a 
metric ten if iituminous coal produ ced in 
Aqentina has a energy valhee ocf metri,0.8.-t 
tos oefstandard coal equeivalent (7millhou 
kilcalories). A ecetric ton eelIitumiuces ccal 
produced ini"lhrkeY lts acenenergy valtiv eef 
0.1929 ncete ic tons ofstandJard coal e'tniv'tlet 
The originial nltioncal preductien dala fer betu-

eiletos coeal were meltiplied by thee'- rctV'-
sicn lactws, and the resulting figueres illtowsIte['lhe 
staltird (eeal (eqtuivahlnt were multiplied fy
29 .:(17f;I0 toyictldpetajele eq'uiivalent:.x 
Sinilarlye,olter fee-Is were cnverted teee)tla 
equivalent ad ilelal-eluivah'lt terms. 

A gigajole is I buillioen joeules. A kiloiecule is 
1,0ttt0 jouls 

Soulith Africa relers te the' Sl tuhAfrica Cos-

tons Union: South Africa, Botswana,Lesotho, 
Swaziland, and Namibia. 

Table 22.2 Production of 
Electricity, 1960-84 

Source: U.N.Statistical Office, Energy .Statistecs 
1earhook 1982 and 19841(United Nations, New 
York, 198.1 and :)86). 

Electricity production data generally refer to 
gross production. Data for tie Dominican 
Republic, Finland, France, (including MN,iac). 
Iceland, Mexico, Switzerlad, the United States, 
Zanbia, aeed Zimbabwe refer tonet production. 
Gross pr(duction is tile amount ofelectricity 
produced by a generating stationc before con-
semptieen by station auxiliaries and transfeormcer 
losses within tife station are deductet. Net 
proulction is tle amount ofelectricity recei-
ieg after these dedtuctions. Typically, cet 
Irduction is 5-1tt per'eit less than gross 
peroduction. Energy prolduction f;o puiled 
storage is nt included ingioss or neet electr ,-
itY gqeeeration. 
A gigawatt-hour ofelectricity is I billionwatt-

heus. A gigawatt-hour is tle equivalent ee3. 
eillie Bteus joules.or 8:t,000 

l( tricity
pmiductio includes both pulelic 

Ind eli-producer power planets. I'blic leceler 
plants iprduce electricity formany users. They 
may leeoperated iy private, copecrative, or 
gevernmental organizations. Self-producer 
Ipower plants are operated by organizatiens eor 
celepaeies te Irtoduce electricity forinternal 
app liecatioens, such as factory operatilns. 

The fossil-fueelfired generatioen figure forDen
teark re-ersteo198 . 

Table 22.3 Reserves and 
Resources of Commercial Energy 

Soirce: I. N.statistical ()flice, IrStv S'tatisticstionAdministrateon (EIA), CommerciaI Nuclear 
liwrhek IW-,Ieitet Nations, New 'rk. 
1,81. 
Rese data fr cial, lignite'. c 'udeandlerct- oil, 

natural gas are frnt World l-:ergy CeeonfereIce, 
P t.? .ceer'e' of "ne'rKv Resources (',orld 
IKenergy ('eenltrece. Iocdo, 1983). More re ceut 
eata willIt,lviillehc the Wor,:le in1987 Iret 
L'nerky eC'ltere,-e'e held in e)ctob)erer 19powr. 
Data fir eeranium resources are taken Irol 

the Nuclear I':eery Ag'ccc A tie IOrganisatioen 
fhrFlclonhic Co-o)peration aned Develepent 
(I)1:( I the Ieternational Atomic Energy 
,.\.Agecy. I'MmreneeemeResorces, Pro(teol eie 
1)eecrej(I )'I,I Paris. 1983). 

tetalresources eefmc futelsineral have' 
leccu assesstd with varying egieees eef-'enfi-
decce. Fuel resources are grouped according te 

the degree eefconfidence intheir identficatioe 
an fhe economic anid techeical feasibility of 
-xfra'ting theme. 

[Proved Reserves inI'laccrepresen! the frac-
lio eltoal reshrcs thaiis known toexist in 

specific locations indiii specific qualities. 
Proved Recoverable Reserves are the fraction 

ofproved reserves in place that can be 
extracted with existing technology under pres
ent and expected economic conditions. 

t-stienated Additional Resources include all 
resources, other than proved rceser'sc., that are 
of foreseeable economic interest. ieestimates 
reflect a reasonable level of confidence and are 
based on knowledge of geological conditions 
that are favorable to occurrence of the 
resources. 

Reasonably Assured Resources of uranium 
refers to known uraniom €leposiLs of a size and 
cjuality that could be recovered within specified 
production cost ranges using currently proven 
mining and processing technolgy. 

lEsticiated Additional Resources of uranium 
are those resources that are expected tooccur 
ohetle basis Of studies of existing depesits acid 
potential depcosit areas. 

In the lignite and stcl-bitueniious coal 
aggregate, lignite accnts for57 percent ofthe 
glebal proved reserves iceplace and 61percent 
eftle gloal proved recoverable reserves. 

Bitnlicus coal includes anthracite. Because 
lile,qefstionnaire sent tocountries did not
 
::-leest a description ofbiturinous coal, it is
 
not fpossilble tocalculate tle anolelnt (ef
authra
cite inctLuded intire figuces. Anthracite is preba
bly only a small fraction of the total. 

Crude )il icludes natural gas liquids, reser
v ir gas recovered iceliluid icesurface
feri 
selparators er plant facilities. 

I);ta oe hydroelectric resources are shown in 
"eleeh2:3.2. Aveilable (ata for other renewable 

energy rusources-wied, solar, waves, tides, 
liteeass. aced geotherccal-will be presented in 
future edititens oftle Itrl Resources Report. 

Table 22A Nuclear Power and 
Waste Generation, 1970-85 

Sources Reactor and capacity ata:U.S. 

I)epartment of Energy (DOE), Encrgy lnfornia

l1m,er: Prospects for tire United States and the 
(U.S D()E/EIA, Washington, D.C., t886, 

Slpnt fiel data: U.S DOE/EIA, unpubiished 
data (U.&DOEiEIA. Washington, D.C., 1986). 
()perable Reactors refers toixewer reactors 

thatproeduce electricity lortle conmercial 
electrical grid, although nol necessarily at full 

e.Reactors ic extended shutdown are 
included. Retired reactors ae excluded. All data 
tire tsofDecember 31of the year indicated. 

F'le('Nuleheer eelReactors Planned or Under 
(Conestructioi refers tothose plants for which 
Ie elanningor construction was underway as eel 
)ecember 31, 1985. 

Installed Capacity is oe a net basis. The elec
trecity requirements of generating plants,
use ally al)el 5-I ierceet cegoss geeration, 

have lieen deducted. 
Capaecity Planned or eeder Construction 

refers tothe toetal additional capeacity that is 
possilble if allIne reactors planned er under 
concstructioe were cetmpleted, 
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A nlegawatt of electricitv is I1million watts (f a plroduct inthat is thetnexl)rted is considered accurate picture of current scrap recovery
electric iower conslmed I)ytit,ex)orting cCtlountry rather relatiin tothe metal pr)dlction incdustrythan 

Spent Fuel Invt'oIC(ries art expressed is tian 1)-'the ilporting coCIultr%',. (Coaltminumtln rte(cvery figures. Btecaluse the alu
ctimltative totals t tilt- -'';1r vl anlldalit,et Colnsumlptitln ifit5iore was caicilhatei h%' ninuin scrap data are forrecovered metal, they 
of re'prcessing. "Ihavy neh.d" refers to the adding Ore ChCnot acoutClotnet imports to the q nlltities of iroll CrsCll) trade ani illvelltory
actinide elements (ulranllllln, plutoniiul, etc.) and conCeltrates relplrtetd as deliverel to CCCII- cthanges; 11oCr(do the, lltcidicate tie destillatio l of 

5 1
contailed ill tie sl)elet fuel. lot additional il[fCr- sllljllh5iniustries. Consmpition ofCcrude steel tilt- scra. Sonle allnlintlin scrap is consIlnled
 
natiton Ci spent hiel invento~ries, refer to U.S. was calculated by adding net ilports tCtlt-
 y mills rtiher than by smelters, thereby over
DOEI'/FIA, WIor/l Nucler '/ ('ch Reqiert- quIantities ofIcrude sfttlreport(,] iCsdelivered stating the ratioof aluminumt newrecovery tCC 
merits (U.S. )()l/ A, WasiChiglC, )(. ,,198 ;). to CCtSUIlling indlustries. metal productioin. 

(CIlal consunmptiConI figures Coriron oIrealld The recoverv rati CrC tlhh itaterial was (il
(rude steelare not consistelt with tiledefitti- cIulated itsfilliows: 
ti1nsappl~lied tItother Imetals ill lable 22.5. U Alminum. Ithe Iltlneratr is
C f the ratiot 
Because world cC1nsulption o recovery ofI IIew indlstrial scraixiron ore ilti a11doIbsolete 


Table 22.5 Producers and crude steel is roughly eqtual toCwo~rldl
produc- The denomlinator is alunlinl Cllstulptit1,

Consumers of Selected Metals, tion1
world produ ti dallta were usel fCrtile defined itsproductio1n of primary aluliml, 
1965-85 wotrld ption ttals. WoCrldwide stock net ilport:; ofIingo~t and mill )rodcltts, iplusconsu p1Ilus 

illentories are assllned tI IX' negligible, tI Climllste melltllorliCr, stIck changes.This ratio 
Refer totilt' strces foradditional details. has several flhi;.As CC(t-hIabove,scrap is

Sources: 'rtduction 196l5,Illt 1970, 1975, traded ielternlatihnatl "yv,redutcinlg tIll'ecnlparabil
and 19,80: U.S. Itreau o (US.ItNI),
NIIlt's it'lfthe inunerator iul(Cil-nClninator. Ill addi
Mine'rals )(Cwrhtok 19166, 1971;, adIlS iI S. titln. alunmt ret'tIveied illit giveln

Governlent I'rintingC) t )fficte, Wasthilt(,, IlW., 

year
 
might not be constumed untila late(year.

191:7. 1977, CCCII!983). l'PlCdltltiondta for able 22.6 Recovery of Selected E Copper The inunertr Cf tet ratiois
 
1115 uillublishedI
dta L'.S B oM. Waishtintoll, Materials, 1964-85 pIrodhtction Ctfrefined cotppcr frmi olsolett atlld 
1 ', )t-CeciCihtr 198 i). (CiClsCllmltiCCit data flor ne1w industrial scrap. The tite niiihatr is
 
;i muniiliI zinc:
,coppeCtr, lead, ilickel, till, andIC C 1r1ll1 

Wirl B -CurctMetal Statistics, BOr/d AMCtal S)urces: AIhllinm: The Alulillulll A)1stCl11- (comtnprising tilt nllerator and refined copper
 

)rouictionif rt'fined flrlont all sources 
It Nil 

."4Ctistitc Cirh1 Me~tal ti()CI, S'htsical Revwt'll !)SO,tllreu;lU (if Statistics, I ill- .. lultilll s 1!970, proutlution fllt lieW Cire). The brass attd 
donI,Alpil 19710.I)eceiblt-r 197.1, Ft-bruarv 1IS-1,and1 P65 ('Ilhe AluminmlA ciatioll, Ironze industries are alsoCmajCr ctlnsumers (of

1171.hi c ,l(](Octoler 1986) (ConsuliCnI-Washingtnl, ID.C., 1981, 198',,, attd 19,86).
19.5, 1971, copper scrat. Ill the iltlld Statt;, brass mills
 
ilii dla f,,I st-,'l: FtIitet Nations I(o- (Cllper, l'ad, lill, Mttailgesellscliaft 75 percen (ifall hiistrial copir ii and(1 ali( inic. tconsudlte ntw 

ICCiciiI lECE), Aktie-nlge'sellschaft, MetatClstatistlk
(OllililiSsill fIll i.irolle .,ImlttCtl 1960-1970, per scrap, an1 tbronze ;indhrss prollctiol
 
th/vllh'tIIC.'h'fIcfSics f[or /l;,.--1! /7-1-ISI-I (Metallgesellschat colnsuled :10 perc-nt oIf all Ct)stolete Icopp111er
.C! Ellro~pe (ELCE, 7,'. illalit 

New 'brk, 19;6, 19)72, l,<t Aktil
1977. 1981, and 198t CgeselIlschaft, Frankfllrt, 1971, 19179),and scrap.

aidt 1ptlltlllislid atCIf"..(IIM, W\:shin.toll, 1985)); ant World Btlreall tiatstils, Glass. The nullerator is recovered glass
of Nietal U 

I ).U I)cll b1.,r lCSRItlrd letal ,folistics tW rld ilrealu ofIMetal (cullet) reptlrted illnmetric The denomina1986). I.S1 p tiollan1 WIrld tolS. 

CoIiptil)nii data fill C l1111Cr.\asili V Strish- Statistics, Ix111doill,
I861). ("lass (except tlhe foris tItal natiolnal glass consllption. How
koIv. 7CC Clopper 1lCC1'shr-to Iti' I SSA)'P'lI)- I lnited States)- Glais Mallllufactlrers Feteraltion, teer, glass recovery ratios may not reflect inter
/'0, Iss'5liS, trd Otllook (tS. Ill IV,\ashiIg- (lss Gatzelle, Nis. 1-11(exclIding Nos. 2 alld latiolnal trade. Ile -FederalReptublic CofGerlmaly,
toIl, D.C., 198-1). 5) lFederation [tlropeene till Verre I'Inlt),tl- forexillnple, illported 89,(0) Imetric tons of
 
The counltrie,
listed it'presenl n Glass datalor thet lit ell lage, Brussels, 1980-861. cullet in1984, a figure thatis included ill ilte 

producers anidhth 1 tell c(i1lSl CIerse1ich I)epartmlentof v1 Lited States: U.S (CCnllerct,. illiierato)rBut hecalse the source of these
Itateri;al ill 11185. Bureaul If tite Census, (lrr'l /Indusfrial imports was no reported, it cannotl be deter

[tie U .S.BClrtau ifMines prepares milleral Cont ,Sllfllllorv f1CrI/,Reports. (loss(G 'inemt; S mined whether the exxrtillg cCntnry (CrColltries 
prodcIttion i bIase(1(il frosatistics aterial 'Commerce. Washingtn dedlctedthpartnIt-it89,000 metric t(,ns 

age wi's, 
Ill ( (I D.C.. frontits nlnlerator. 

governlltlmileral ild stisticlal 1986) Iroi aitd steel: Ilited Nalti11nI.oiConon1c U Iron and Wel.The numliierator s tlhe Stll of 
the Ullited I I '.S tl'tini- (o)mm11ltissionIIfor I'ur1)1 I(ECI'), B/ullein fNaiCllS, and ad(]fIlreign 
 A111(t11 blast furnace ald steelworks' consumtnltionI 
c-al alId trade littratllre This ii;:CriCl is ciII- fur l-uamlpt' c scrap. Tie de:nominator isthe sunm otthe blastof Stel Statistics (ErC New brk, 
tillally ulldated. 

1 
and 198-1). per: United Nation11s 


P roduclilonI refers to tit,first.solid state o1f Food 

1976, 191811, I flrnace consumption of ironore and c()ncel-

Ctfald Agriciltural ()rga;izatilt IFAt)), trates alndiagglomeralted products ald tlhe steel
nmined ore after m1eltin It.(Isle Iiliier I)oIt )FAt ), Rom1l1e, work output of steel priduced frolnl pig irlng. I981It: anid I-A(), 

Zinc isgi VeIl ill l'ilt nillt orieC I'-Carhotok of Iorst PrId'Ct. , III9,75 atnId rlunl
It I Cre. il ironi ore. These data are nletoftrade. 
Irmi (re r-tI-Is tI iron C i (ro 11)77 aldl([ 0ie' concen- (FAt), RomIue. 1986) Lv':ilL The numerator is tle sum ofscrap

Crates, irol aint Materials indtlstriesand1(1 Ire aggloellatlles (sintter recover scrap fr. iII two conSllled ill remelted lead and lead alloys and 
pellets). majoir sources. VoCrn- lt end pr(ducts (old the direct use (fscrap by industries. Not all
 

Crutde Steelrtftrs tC)tlt' first solilt altoi-laoliles, Ilewsppel)'rs. 111t- cluntries ilulchde
stlte after beverage calls, both colponents. fThe 
imeltilig, ill the forlif sct'l ingots,cCIointli- ti's, etc.) airethesouhrce ofI llsol5ete detnliatolr is consumption o refined lead,Ior oIdI 
C(sl,,cast inld steel scrap.Scrap is also generat'd al varCtlts M Iltiper. The numerator is waste paper clllprallarv formts, castings. Slage's 
Th(,U.N. definition (ifcrude steelis lhe equiva- of naterials prlluctlilIn. hidustrial scrap that letcted forreuse. Tile delnIilator is apaeil
I-nt CoIfittrll "raw steel" a1sused by the never leaves lie productitt facility is ulsually domestic clnsulllptionC of paper and paper-
U litied States. referred "hlme*oIr "rinallirou1d" scrap; board,adjusted 1orlet trade. When the dataloitas 

Tht WoCrldIurelu of MtCal Statistics pill)- industrial scrap Ihat is blughlt hy dealers alid .ere availahble, the denoilliator was replaced

lislies CliSullitioi data fo1r it- ietlals strap. 

p~rt'seilted,excluiig ironli(lsteel. Cil 


solld toC lher facilities is tew industrial" with tlhe apparent doneslic consuimlptioll of 
IDala )efiniiois of scrap alidscrap recovery iiffC'r recycllabie of allpaper an( Iapeiboard.R i


ilteMltals included were sup)lied I' mi1etal cC1ntries,anlid Ipalper
ilcr(oss tilme.111 t'xIali- 

CCIn111liie,, 


laterials, a(] paperloard cannolt be recycled; in 
goveriilnent agelcie.s5, ahinliuinm scrip retcoCvt-ry Id1)" til-tradhe group~s, lple, rtte)r Switzerland, forexalep, aboul5I peircenlt tf 

ind slatitical (l)virllCly AuIlinlinll Associaiin Cllrises rtcCo tlh- CISCIntlied CannoltI)tlr-;iiis. incorrect dala 
 ,I-' if paper and paperbo)ard Ie 
have Ibell- t mi stdata were CCCIII-rC-vise<l 
 e'ahated oi recycled. Subslitulilig 
Iltdi 

new ildtistrial and old ev(al.ur1 a coCnsuplpionI ofIrecycla
ent or basis. hItepaper and paperb)oard illand ret rted witIot adjustii rec(vered nmelal The Allinilli Assoc1'ia- lhedeitniinator
 

spectiv'e
retro revisillls. 
 tiongathers data front illlistry sources allId gives a hettei indication of a country's effortsio 
Metal 'onslpllioCnrefers Ihe (llnlestictIC use' adjusts these data tlo ilnreported scralp
refleri recycle paper products.

of primary refined netals. These metals incllhit_ re(t-very scraip however,are ICor N Tin, The nnterahor isthe directuse litCo(lpper lata, 
metals re'fined either priimlary (raw) oir pi)hductlioloCfre[ied Copper frontCiilewsindus- scrap by lanufacturers plus tile proldlctiin of1r111 
secondary (recovered) materials.Metal used ill trial and old so:rap.This nethd gives a more f1r111refined lill scrap.The second colmponent 
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Energy and Minerals 

is included only in the numerators forthe 
United States, the Federal Republic of Germany, 
Spain, and the United Kingdom. The produc-
tion of refined tin from scrap ;%about 20 lpr-
cent of the numerator for the United States, 30 
percent forthe Federal Republic of Germany, 
65 percent for Spain, and 60 percent for tIe 
United Kingdom. The denominator forall 
countries is refined tin consumption. 

U Zinc. The numerator is the sum ofscrap) 
used in primary zinc smelters, and for remelted 
zinc and zinc alioy,,zinc scrap used in copper
and other alloys, and scrap used directly in 
chemicals, pailts, etc. Only the United States, 
Japan, and the United Kingdom include allficur 
conuponents in their nuweraton. All the coun-
tries repo)rting scrap recovery inrcluuW,scrap for 
remelted zinc and zinc alloys. The denominator 

is refiled zinc consunipticn. 
It is difficult to determine what materials 

countries include in their scrap figures. Further, 
there is substantial trade in scrap, especially in 
"urope, that is not accurately relx)rted. 'his 

makes cross-country and cross-material corn. 
parisons imprecisi. 

Refer to the sourc 'e fr additional informa
tion on data limitations. 

Wolid ReSOwce%1987 
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The availability and quality of freshwater are the most 
important resource concerns in many regions of the 
world. 

Freshwater availability can he defined several ways. In 
Table 23.1, it refers to a country's annual average surface 
and groundwater runoff generated by endogenous precip-
itation and exclRdes the inflow of intcrnational rivers. Iop-
stream and dowinstream countries usually have rights to 
international river water, so that only a fraction of the 
flow of an international river can be claimed by anv (one 
country along a river's reach. If all countries sharing al 
interinalioral river counted tire river's eutire inflow as 
adding to their availability, a false impression of abun-
dance would be created. (For further details on interna-
tional water-sharing agreements, refer to Chapter 12, 
"Policies and Institutions.") Howeker, if river basins were 
the accounting unit, such (0lo)It counting would be 
eliminated, 

Dans have been built for thousands of years, and they 
have served purposes as diverse as recreation, navigation, 
flood control, irrigation:, and power production (mechaiii-
cal and electric). (See lable 23.2.) Flood control benefits 
are not quantified in Iable 23.2; nor are the benefits of 
increased agricultural output resulting from dani-controlled 
irrigation water. (See Chapter 19, "Food and Agriculture:' 
Table 19.3.) Hydroelectric capacity has more than tripled 
over the past 25 years. In 1984, hydroelectricity repre-
sented 21 percent of the world's electricity--without direct 
emission of pollutants or production of long-lived nuclear 
wastes. (See Chapter 22, "Energy and Minerals:' Table 
22.2.) 

Dams may also have negative impacts, which are often 
difficult to quantify. Large numbers of people are dis-
placed when fertile river valleys are flooded by reservoirs. 
Reservoir iml)otidments in tropical rainforests may con-
tribute to the extinction of rate species of plants and 
animals. Reservoirs, and attendant irrigation works, can 
serve as breeding grounds for water-related diseases such 
as malaria and schistosomiasis. 

Other impacts of dams, such as the alteration of river 
chemistry, can be beneficial or detrimental. River chenis-
try may be modified by enhanced evaporation from 
reservoir surfaces (concentrating dissolved minerals) and 
by reduced water flow below tile dam, causing less dilu-
tion of natural and anthropogenic inputs to the river. 
Dams also capture riverborne sediment, so that less allu-
via! soil is deposited in the river valley and delta. These 
and other modifications alter the hydrology and biota of 
the river. 

23. Freshwater
 
Freshwater is monitored for several reasons, each with 

its own criteria fo- determining water quality. (See Table 
23.3.) For example, freshwater used for human consurnp
tion is evaluated according to health and aesthetic 
criteria, but water used for irrigation does not require the 
same degree of purity. Water ( ,lity, therefore, must be 
assessed in relation to specific uses. Standards have not 
I)een included in this table because most pertain to 
specific uses, and the uses of water vary among sites. 
)rinking water standards for three water quality indica

t( rs used in tl'able 23.3 are presented in the Tlechnical 
Note for that table. 

Water quality al;o depends on the type of water body 
and its location. Groundwater is usaally the purest source 
of water; lakes and rivers are affected by sewage, indus
trial effluents, agricultural runoff, and atmospheric deposi
tion to a much greater degree. (Rivers, however, can flush 
out pollutants more rapidly than groundwater can.) The 
vegetation, soils, and geology of a water basin may also 
affect tile chemical and biological characteristics of water. 
For example, the Huanghe (Yellow River) in China flows 
through regions of highly erodible soils. As a result, its 
sediment load is hundreds of times greater than that of 
other rivers of similar size. 

To account for these basin-specific variations, water 
quality is best assessed by moniitoring over time and by 
comparing data with established standards for specific 
uses, rather than by comparing data for several basins. 
Unfortunately, global coordination of freshwater quality 
monitoring (under the Global Environmental Monitoring 
System [GEMS]) began only in 1979; it will be several 
years before trend data emerge from this program. Many 
of the world's largest rivers, such as the Amazon, Congo, 
Orinoco, Yenisei, Lena, Mekong, O1), and Amur, are not 
yet monitored within the GEMS framework. 

The cost of supplying water is rarely recovered in fees 
charged to the user. (See lhble 23.4.) This practice is 
often justified on the grounds that water supplied for a 
specific purpose creates benefits for people other than 
the immediate user. Governments subsidize water costs, 
judging that the wider benefits to the country outweigh 
the direct costs to the treasury. However, the balance 
between societal and user cost recovery must be care
fully maintained. Consumers have little reason to econo
mize if water fees are too low. Further, many water pric
ing decisions are nie on political rather than economic 
grounds, often conferring great benefits on those least in 
need of :a,.sistance. These distortions often have tremen
dous costs to national development budgets. 
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~J'~Tab.1e231',Fiesiwate. Availability and Use 1959-85, 
Availability "~~e lw 

f mSPer Capita,. " ro Other .- Countries ------ Tta---Per Capita- Setoi Uhsw(percent)l' "' 

. . . (cubic. (thousand" . (cublc . . ' (cubic (thousand.. Industrykilometers cubic meters WerorO'cubic'ioreir kilometersper year) , per year) per year) meters' Public (self-. AgticulturseA .. 'Data per year) per year) Use' supplied) (irrigaion) 

WORLD 

73geria16.9... 27 ...... 1980 13.38Angola 1690X '.070 7X 0.18 ' 21' 4
X 

75X2 X.B8enin ' 26.00' 6.04 X X" X X XBotswana 1100 0.84 X1700,/ 1980 0.09 0.10 8 17 75BurkinaFasa X X X X' , X X X X 
Burundi X , ; X : X - X 

"Cameroon' 208.00 19.93 X X X XCape Verde 0.20 0.59 X X X0.00 1972 0.04 0,15 8 0 92CentralAfrican Rep X X XChad X , X X XX X 
X 

X X 
X 

'X X X X
Cvnoros X X ' X XX.. X X XCongo X X .X X X X X X XCotedlvoire 74.00 7.03 'r, X X X X XOfiboutl 0.30 0,77 0.00 

X X1973 . 0,01 0.03 X X XErvt 1.0 0.02 56.50 1976 4500 1,18 2 2 96 
Equatorial Guinea X X X X X
Elhiopa 110.00 2.39 X X X XX X X X X X XGabon X X X X X X X X X 
Gana 3.00 4.48 19.00Ghna53.00 1982 0.02 0.03 X X3.65 X 1970 030 003 X44 3 54
Guinea X X X X X XGuinea-Bissau X X X , X X X 

X 
X X 

X
X ,)Kenya 14,80 0.66 X X : X X X XLesotho X ' X X X X X X -Liberia X X X X X X X XLibya 060 0.15 0.00 ' 19.78 1.47 0,54 17b 0 83Madagascar 4000 X3.77' I,"84 1630 1,638 1 ' 0 99+Malawi 

Mal X 2 3xX 
X X . . X X X 

Maurntania - X X X-__ 040 020- 7.00 1978 0.73 0.47 2 0 98 
Mautius 2.20 2.0?2 XMorocco 30.00 1.30 0.00 

1974 0.36 0,41 X X X19813 10.50 0.50 4 3 93Mozambique X X X X. X X ,, X XNiger X '. X * X XX XNeraX. x ---X X--- X X X X
 
Rwanda X X X
X X X X , XSenegal' u R x X: X XX XSierra Leone XXXXXS6malia 11 37 .South Africa 5.01.47' , 0

X 
. 

1970
X 

9.20 
. 

'0.40 
X . 

17 0 6 
33 

Sudan 30.00 1.31 10000.k,''Swaziland, X X X 
1977 160 1.09' 1 0 99,X" ~'.X X' ' XTanzanlLI.Unilod Rep X XX X X 1970 ,,0.48 0.04 38 0 M3Togao " 11 50. 366 . ' XTunisia X . 0.05 .0.02 90 0 1019 5J' 1977 130.22 :__047 77

Uganda X X X 1970 0.20 '0.02' 43 0 5Zaire ., X XZambia , X X X' X x> x 'X ' X X 1970 0.36 0.09 72 0 28Zimbabwe . X ' X, X X X ' X X X'. X 
ACENTRALAM U.........NORTH . . . . .. . . .A.MERIC . U 

Barbados 0.05 ' 0.21 ' X 1962 003 0.12 ' ' 45 35 20'Canada . 2,901.00 '9111.74 X 1980 " 36.15 . 1.50 18 70 11' 

C osar CRica_:; 
C 'N 95 0 . 34.76 . X 1970 1'35 0.78 0 8 92'Cuba ' 3.38. X'3:34,50 ' 1975 ' 8.10 . 0.87. 14 " '4 83Dominican Rep ' 20.00 3.06 X357,40 X X X ' X
El Salvadora 1895 3,21 X 1975 1.00 0.24 17 0 83 4Guatemala 116.00 13.75 '4X . 1970 ' 0.73 ' ' 0.14 .0 

37.4 
' 18 82Haii' ' 11.00O .159 XXHonduras ' , '' 102.00 21.90 . 1970 

X '' X X .X 7,..X 1.34 . 0.51 " . , 0 4 96Jamaica j,,,, .8.30 3.45 X 19.,,75 '_032 0.16 36 96
Mexico' ' 357.40 ' 4,31 ' '
X 1975 5420 . 0.90 5, 7Nicaragua ,175.00 8849.97 ,' X . '1975 .' 089 .,0.37 18 ' . 45 ,37Panama '."144.00' '63.32' X~ 1975 "1.30 ' 12' ''11 77,~4.0.74Tinidad and Tobago '' ' X' . ~X, X '1975, '0.15 0,15' '0 '50 '50'United Statesv. ' 2,478.00 10.23 .' X . '1975 . 472.00 ' 2.19 10 ' ~ 49 41 ., 

OUTH AMERCA" ,'~ 4SA'' ~ ~.'". 
I A~entina, 694,00 22.03 ' X 1976 27.60 , 1.06' 9" '18 73" 

'4""a, X X 1959 X X1 ,1 97 
" ''' Chile X X X 1975 16.80 1.63 ~Colombia 1 07000Q 35.73 i9 

5 4 9214 "'''0"'' ' 86"'.
Ecuador 31400 3164 X X X " X X XGuyana . X X X" ,1 5,40 7,62 '1""" 0'' ~99,.'."'47 Paraguay XXXPeru4000 
 1.93 X 1975XX7 '0"' 

I"' 'Uruguay ' ' ' X' X X ' 1965 0,65, ' 024' *'x.15_'~ _8 -7 
' eezel 85'0 4.6X 17 4.1 "' 9 37~ 4 59 
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Tlable 2.
 

Water Flows Wtdaa 
~~TIBI~'."'Per Ca ita-*-from Other - --------- Pe~piaSetrs seIr__)_ ~~,Tothalw 


4"'",,<i (thousand (cubic (cubic (thousand industry ,
.(cubic . 
kilometers cubic meters kilometers Year Of kilometers cubic meters Publlo r 

(self.-,] Agriculture
MAper year) per year) ' per year) Data per year) per year) Use' supplied) (irrigation) 

ASIA-:,.-: <?. , 4 x.,'4:,..X.- X .'4"' :,' ,':,..k. '" ,L'.','.,/X <
 
¢" Bahrain 5000' 2076 0,05' 1975 0 .20 04 ' 10 6 84
., , 0.00''Ul .00 'UU' :.'-: 0.+U. : I(x ,xU.xU: 

'~' Bangladesh 1,357.00 12.72 XX X X X' X XBhutan X X X X X X X X
Burma __ __1,082.00' __2@,03 _ __ 1X X" X X _ ' X X
 
China 2,800.00 .2,58 0.00 1980. 460.00 046 6 7 87
 
Cysrus 1,00 1.46 "X 1972 ' 0.44 '.72 7','' 2 - '91
 

I>Ti 1,850.00' 2.35 "X 1975 380.00 0.61 3 4 ' 93
 
Indonesia 2.530.00 ; 14,67 X 1978 X X 95 5 0
Iran 117.50 2.49 X, 975 45.40 1.36 3 0 97
 
Iraq . ' ' 34.00 2.00 " 66.00 1970 42.80 4,57 2 3 .',95

Israel ' 1.65 0.38 X 1975, 1.72 0.50 17 . 6 77
 
,)apan 547.00 4.48 0.00 1980 107.80 0.92 ' ' ' 17,, 33 ' 50
 
Jordan . 0.70 0.18 040' 1975 0.45 0.17 , 3b 0 97


cheaDem r 
41088 . 11.46 X X X .X ' , X' __
 

KoreaDem 'Peoples Rep X X , X 'X X X' X X XKorri' .p 63.00 1.48 X 1976 10.70 0.30 11 13 75
 
Kuorait - 0.00 0.00 0.00 1974 0.01 0.01 35 4 61

Lao PeopiDem Rep 270.00 62.47 X X X X X X X

.ebanon 4.80 .74 00 1975 0.75 0.27 1-3b 87
 
Malaysia 456.00 . 28.04 X 1975 9.42 0.77 X X

Mongolia . 24,60 12.21 X' XX 
 . X -'"' : X
Nepal 170.00 9.85 X X ' X . X. 'X X
 
Oman 2.00 1.50, 0.00 .1975 . 0.43 0.56 2 0 98

Pakistan - -298.00 2.83 X '1975 153.40 ' 2.05 X X X
 
Philippines 323.00 5.66 X( 1975 .29.50 0.69 X X
'X
Qatar.' 0.02 0.06 000 . '1975 ' - 0.04 0,23 33 0 67 
Saudi Arabia ' 2.20 0-18 0.00 .1975. " 2.33 0.32 36 6 58
 

, Sinpor ' 0.60 0.23; . X ."1975. 0,19 0.08 X X X
 
Sri 46.20 25a8 X 6.30 0 9825 970 0.50 2, 

ArabRep 760 067 X 1976 7.00 0.94 6 0 94
ailand , 110.00 ' 2.07 " X 1975 X X 1 0' 99
 

T..."ey 166.00 3,23 ' .90 1980 28.90 0.65 12 10 78

United Arab Emirates 0.30 0.21 000 1980 0.42 0.43 
 9 0 91
Viet Nam'* X *X X X X X X X X 
Ymen 100 0,14 0.00 X X X ' X 'X X ,
Yemen, "r ' ' 1,50 0.66 ''000 1975' , 1.93 1.17. 1 .. :. 0-' '.99,:." 

Albania-" '. ' " ' 1Q00, 3.14 , X ''1967 "'7'0.20 ' " 0 1 ' ' 1 " 99 '"''0

iwstria .. 56.30 7.50 ' 'r34.00 . ' 1980 . 3 .13 0.42 20 77 3
 
Belgium 8.40 0,85 4,10 1980 9r.0 0.92 ' "11 8 2
Bulgaria 18.00 1,97 187.00 '1980 14.,18 \" 1.60 14 ki15 . 71
Czechoslovaki .- ., . 2800' 1.79' ' 62.60 1980. ' 5.80 ' '038, 24 ' ,'72 5-'
 
Denmark , 11.00 2.15. . 2.00 1977 1,40 " . 0.28 , 35 32 32
Finland 110.00 22.33 .,.3.00 . 1980 3.70 '.077 " 12 86 .1, ."
France"' ' 170.00 109 150 1981 '37.20 0.69 16 . 71 1313
German Dem Rep 17.00' 1,01 " 1700 ' 1980 " '913 0.55 14 71 14 

G~inFdRj 7.01.30' ' 82:00 1981'-- 41.40 _ 0.6.7 12._ 87 0 A 
Greece ' "49.40. ' 4.96 13.50 1980 6, 94 0.72 11 2' 87 

"'" Hungary' 6.00 .056' 109.00 '1980 5.38 '0.60' 9 58 33
'Iceland ' 170.00 685.48 & . X .X X0O0 X X .X

elrlanc"' 50,00 ' 13.51 0,00. 1972 ''-0,40 , 0.14 11 ' 83' 6'
 
-taly"''" 185.00 ' 3.22 2.00 '1980 ' 56.20 0.98 1 ," 14 27 58
 

Luxembourg 1.00 ' 2.75 ' 4.00' 1976., l'.0 7 0.17< 47 '03
Malta 7. '0.03 ' 0.06 0.00 .'.1978 0.02 0.07 99 0' 0 .

Netherlands,. " 10.0.0 "' 068 .80.0.0 ' 1980i 14.2G 1.00 5 64 32' '"'
Nodw , 40500 . 9740' ' 8.00 :1980 20 0.49 21 .- 74 5


49400da" 1.31 ' ' 6.80 - 1980 16.80 047 . 17 ."62 21 ''; 
Portugal 34.00 . . 329 . . 31,60 ' .1980, 1050 1,06 15 . 37 48 

159 25.40 34 58"'Romania3 . , .3700 , 171,00 ,. '1980 '< 1.14 .8pain 109.80 2.82 ' ''.0.10'<' 1984' .24.70. 064 b 0 85

" 176.00 ' .'21.10 . 4.00 '' 1980A 3 ' 0,48 ' 

5 
' 75 2<',
Ndend .398 24". 


-42.50 6.66 3.' 37...' ','
and - " ' '7,50 . 1985 20 0,50 ' 57 
Unied'Kigdom 2.14 ''0,00 ' 1980 '' 28.35 0.51 21 79 """ 1.., ' .. .'120.00 

YL1goslavlA3. >129.00 'K'7 550 i 115.00 1980 '. 7'"" 05 17 75 'A'' 3'4,'. 

U&Sn' ~ f.,.. ~4.3A4' 00~4. 4f15.44"' ,"30.00i& '1 980 i" .350' .33~.% 6' 31 ,64 ',i, 

a,43.00 F '21,30. X V'1975 17.8 ""1.31 ".'7"16:i'K 4'6 '4< '774" V~44' 

'NLeyZealand>"" 00.- 117.53 X, 1980 1.20'~'~ "0.38i 2" 52 '' 11. ,''. 14397.00~' 

f'Source, ofe~c Geologica an~dMining Research, National Geological Survey. France ~ '~ ' ~'<V ' 

'a.Domeostie commercial, pujblic servces, and industry supplied by publicfacilities..... ' '~ ''~F
 
b Pulic and industrlal sectors combined

0 - zero or iess than halltheunit of measure X - notavailable
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Vend
S ont- efor.~1 nd.'::under: Poten lIFreshwater 

-='=7.. eervoir Surface Areab 
Number of Dams over 1.5'lon (million square meters) 
Meters m td O P'.d Table 2 21081 Sinc Hyrndcti Capacity (megawstt)c 

Between or under - Between for Units Technical installed 
Ba"a' "' . Before 1961and Conatruc- ' Before 1961 and under Potential X

f"1961 	 1980 tion -- 1961 190 Conatruction 1963 1960 j' 19A) 1984 

Atha'sa 2 0 0~ X 	 53 * 38" 190 ""272V" 
Blrain 'X X X X X ', .X' X 'X


Bangladesh 0 1 0 0' 777' 0 '800 X X' 13

Bhutan' 	 . X X X X X X X X I 3:: ~ 0~ -: 0 :i :X 0 0 	 : I3' :- 6 . 

w_ _ __ _ I 00 30.000 84 103 169 
,l 337 875 130 X . X:' X 378,532 X 8,180 28,000

CypIs 5 27 13 0 5 '5 X X X X 
Inia 232 143 .. ': 120 3,183 4,741 5,089 100,000 , 1,846 6.386 15,103
indonesia 15 14 7 33 813 '.' 624 32,000 169 312 602 ' 

ran17 7 3 916 174 X 2 517' 1804 
(i 	 Iraq.'1 . 3 X . X 418 X X X 1oo0
 

Israel X X X X X X X X X X

Japani 1.313 389 169 X 96 197 81,918e 12,678 19,994 33,919

Jordn 0 4 1 0 2 1 22 Xx .
 

V Kampuchea, Dam 1 ------ -1 Q ' 19 J g0 010 10
 
KoreaDemPeoplesRep X X X' X X X X X 2500 4,500
 

'Korea,Rep 257 368 6
' : 	 :X : 84X - . 2,000 329 1.202Kujw it>: :: : X : :X 	 280X : XX ...... ... 143:
 
LaoPeople'sDemRep 0 1 0 "0 370, 0. 28,000 00 2 200'

Lebanon 2 3 0 X 0 65 246 246
 
Malaysia 2 10 9 ) 151 507 25,800 X 293 693
 
Mongolia X X X X X X X X X X
 
.Nepal'. ' ! 0 0 1 0 0 . 2 . 18250 3 26 128
 
Oman X X X .X X X X X X.
 

Pakistan 	 4' 30 4' X 609 10 1 90 X 2.548 
Philippines 	 4 3 5 2 24 108 .32 10,048 305 - 549 1,810
Qatar 	 X X X X X X X X X X 

' SaudiArabia 2 16 20 X X 'X X X X X
 
.S'ngap , "0 2 1 0 7 2 X X X X
 

rlak"44' 1 50222,0 55 195 542
S 	 1 11 0 X :X ... . .0 1, 8 11 5 823: 

' nanArab RepTa land . .' 0 29 '22 0 2,046 864 20,148 0 452 .714
13,3key 55 57 492 979 ' 1,770 32,000 412 724 3,877

United Arab Emirates X X X X X X X . X ' X X 
A' 	 Viet Nam 0, 1 0 "0 '10Q 0 1800 'X 164 300 "' 

Yemen X X' ' x........XX 'XX X " ' X X i
Y'emenDem 	 X X X X X X X X 'X .X 

'EUOP W ',9932 .1,523 A. 365 A11,892 -'8,932' ' 1,990 ' 2, '-.453,879 ?~9,6 153,608 
Albania :j'' , 1 76 17 X X X XX 'X' X. 500 ' Ausria 	 56 47 12 103 132 25 ' 8,562 2,946 5,467 9923,
Belgium 	 4 10 '0 : 4' 9 .0 X '' 54 "62 1326Bulgaria - 31 76 ' 1 !6081434 1 ' 5 	 6'16 018 18956
 
Czechoslovakia 71 ' 65. 14 ' 161 '20 '. 112' 929' '1447' 2840
 

'' 	 Denmark. " 2 4 ' 0< 1 "1' "0 "58'''A9 '"8' 12Finland 25 25 0 ' 5,875 1,239 0 3,196e 1,559 1,964 2,497
France , '162 ' 41 291 353 '80 7,352 10,231 14,996 21,400
GraGemanL ,jRep 3 ' 11 " 1' X. X X X 326 ''.r653''.'1,851
 
German_ dRep , . 9 93 30 107 59 44, 2,39 e
 
Ge.4 7 9 31 916 26, X .174 1. 1,714:
1,038'

Hungary ' .1 ' ' 3 0 X X : 0 	 1 20 46X 19 

Iceland : 6 ' 7 50 3,9958 109'' 803
5 96 	 ,247

Ireland 	 13 2 0 X ' X. 0 X 219 .240 514 
Ia '" 	 322 87 38 19a8 '118 366 38 '-%- -4: - ;-a3 175A3
 
Luxembourg 1 2' '0 ' 4 ~'1 0' X 15~ 932 '1332'
Mat 	 X X X X X X XX
Ne therlands 7 '; / : 4; 5 1 4 8030,Neohrand ' 83 134 10 187. '117 80 ' 634700' 6,443 12,783 23,063 

Eand_. 12 12 1 6 740 1,976' ' 

Pon1ugi. .35 16 159 '' 166 69 6,000 1,085' ' 1,536 3,014
Romania .8 ' 

'29 

92 ' 57 1'. 1,105 291 12,300 210 .200 4,032
 
''355 316 " 68 1,030" 1,232 260 17,6960.4,600 ' .10.8w '13,180


"'1Sweden~.''" 68_ 6 4 ', 3 2,824 .593 52 22,374e 'X'".10,862. 15,450

Swteln r 57 '" 5 70 X 5840" " 96020. 11.480.
 

brnieed Kindom, 445 80 11 382 K 147 27 1,0620 1,171 2,153.' 4,189H'"

Yugosiavia V': V 43 58 .> A 21 23088":;+2153 80 17.000 1,4507 3,645 A,K 

USSR .' ..V.,..AV 40 ... 39 gV+.'.'.12 8'. 90,082.' .. 6,654 .v.'i'.125,000 ' -31,368 59,300,84,051 -K 	 Y' 14,781 

U2OCEANIA ''21V"'< 216' '222'''4k 63 .'.,5 ~ ,' 124y "'. 11294 ' ,' ' 2,755 6,838 -' '11,125 
3 80 677'A~jstralla'+., 	 '.. ' ' 52, 3,139643 6,1070 '2 '"'6,563,'" 	",+ ' 175' 171 - 1,808 . .' ' 1,423>' f , ' 

F .'' '0' 0 2. , 0 0 9 ' '400 ~''X- ' X '""80 
rjcNZealand '40 29 9 . 342 986 642' "' 708e 1,5 271 1,295Ppua NewGuiea 0 0,00009.2 10
 

" nlomnislands '."''; X .:"X, X'' X ". , . X " X2 . X'Vx'A '"''' XV -"A'.A
 
Sore:Ilentoa Commission on Large Dams; The World aank; and U.N. Stafstical Office V'' U.'.
 

a. ore than 20,000 dams Ibiehen 15 and 30 meters high inChina India, Japan, and the United States are excludLd from lhesestalisics Data for the USSR exclude about 3,1000'

dams-b Resevoirs created bydams over 15'meters high, Hydroelectric capacity data refer to all dams in the counlry Hydroclectri: generaion data are shown InTable 22,2:
d.
Global teats are the sum of c untry data. Many countries fail to reporttmost or all data br several e- Thecrebcal potentIal. I, Only dams over 30 meters high are Include',
0 - zero ortesthanhaltof 1 rcent; X - not'cva:, ",A+A '4"V VV V .'; .'A + V........V.'...'.'"...
 

radditlonalinformton, see So ceand inlcalN 0 A".. P '.. 	 ' ' '' +r";V, "'<v 1 

''V V''V" V.'V :++V' V.' ' 	 Vt.'V.' .VV 5V7 

+. A".' :AAA*...' '....+VP+.j4.+.V4V.<" +++A++ VI'+ .''31 i,4 	 :++1'""V',+VL, 
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Freshwater 

Table 23.3 River Water Quality, 1979-

Nitrates and Nitrites 
Riochemical Oxygen 

Demand 
.. m.gof nrogeqnLter 

Number of 
_... g of oxygen/iter) 

Numuet of 
.Samples Samoles 

Country Hiver Site 

Llow 
Detec-

tion
Limit 

Above 
Detec-
tion
Limit Meanc 

Below 
Detec-

tion
Limit 

Above 
Detec

tion
Limit Meanc 

AFRICA 
Egylpl 

Sudaln 
lruIrsa 

rjie 

Blue Itl. 
De Znqtl,rr 

Aswan 
Asunt 
Center oiCar 
Edrna 
LI Knater 
F,rsukir 
Sheot:k 
K anrtourn 
35'35' 7-"37' 

0 
0 

12 
0 

12 
0 

12 
0 
0 

24 
24; 
2.1 
24 
2,1 

24 
58 

3 

000 
0 00 
003 
1 18 
003 
190 
0 03 
() 39 
0 10 

0 
0 
0 
0 
0 
0 
0 
0 
0 

24 
24 
36 
21 
36 
21 
36 
57 

7 

2 
3 
3 
7 
3 

10 
3 
3 
4 

NORTH & CENTRAL AMERICA 
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l 
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LhUeIj 
Stih ac 

Great Ber 
Mtcrr'rr.'e 
h,r rl 

He at., 
RCi rrrfIr'x4 

SlI, 
SI t ' H te.t'ir'1,,iarntn 
Irirri",
1 

'' y' 
i irro 
Colrado 
Lerrrri 
Parrc') 
Aqj,i,Cla,it, 
SarlFIh, 
Apwictkcl 
Arki us 
Coiadn 
Columrria 
Delaware 
Dsrnal 
l'l tL.srt 
M'ssissipp 
MrOtir 
Niaqlara 
0lte 
Potomac 
RiOGrarioe 
Sacranerln 
S Clair 
St Lawrence 
St Maryn 
Soastuenlarlila 
Tilkeetri 
Tenir-usqe 
Yukon 

Fort Frankllrl 
a'Archio Red Fh\,er 

o e W e r i r 
drltortc1rr 

Irtlo,Calrot ll ',t 
F JT..!:eroIlr 

Fir, ,r
14 .10, 90 51' 

53, 9;' 30 
"32 12, 11,; 14,' 
,0 34' 10" 12' 
23 3' 981 1' 

14'.78- .11' 
9' 19' 82' 50 

r 

Chalnrrrro, lari 
Itle ROC.:J 
lelo,',Hoover [n 
Warreri DnfeOregon
rertorir Jert.y 
:hedFoul Nehvns +il 
Green I,;an ut Jew York 
i kitrg 
He rrr MAasr 
i ikhOnr!ru 
hrirn(! Chn tr ,f 
Fhin Brsgqe 
Brireswi Tenyt'; 
I ep)Orrt, Cihiomrn 
[tae Huron Oulet 
Corrnenl! Ortar o 
I itke Sur~erior Oulle 
ItrrisbtroPer uaylunlia 
I,,lkeelrna Alnasi 
Paiducah,KorirIscy 
PIltStationAlniaki 

0 
0 
2 

33 
7 
2 
1 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
I 
0 
0 
0 
0 
0 
0 
0 
0 
2 
1 
0 
0 
0 
0 
0 
0 
0 

23 
35 
19 
38 
56 
28 
20 
13 

1 
6 

25 
10 
59 
63 
54 
32 
33 
,d 
31 
19 
30 
31 
33 
20 
36 
.19 
31 
29 
27 
32 
33 
84 
21 
30 
14 

0 15 
008 
0 06 

007 
0 1? 
000 
0 20 
1 10 
0 13 
037 
2 02 
183 
(106 

04 
029 
026 
0318 
020 
0 98 
049 
0 62 
139 
0 93 
024 
105 
1 15 

0)13 
0 16 
029 
020 
0 28 
0 89 
041 
029 
0 13 

0 

0 
0 
0 
0 
0 

44 
41 

0 

0 

3 

13 
51 
65 
46 
60 

1 
5 

39 

43 

3 

16 
3 
6 

73 
1 
2 
2 

2 
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SOUTH AMERICA 
Arcrentinn 

O t 
r 

Chie 

Colombia 
Ecuaior 
Perurt 
Uruguayv 

Pairtsn 1 
Parara 

Plata 
Urugun/Y 
Giall(U 
Jacuii 
Parana stf Sl 

Sao Fraricrrari 
Velhas 
Matpo 
Mapeelro 
Caurca 
Daule 

lRrrac 
Plata 
Uruguay 

PLro Bernie 
Puerto Lhtertdr 
Co)rrerrles 
loa13siro 
Buenos Aires; 
Concepcion del Urniruay
onada D/Jui 
29 56', 51" 40' 
Atrarecida 
Barra Marina 
Pelrolarrd a 
ittrnoo Bcallirt 
ElMarrzaio 
Lou Almendros 
Juarirdrto 
75' 59', l' 43' 
.rita 
Colona 
BellaUion 
Salto 

3 
0 
4 
2 

73 
0 

0 
0 
0 
0 
0 
0 
0 
0 

24 
38 

119 
35 
65 

7 

103 
103 
31 
24 
34 
15 
16 
19 

0 14 
023 
027 
322 
0 14 
0 48 

022 
070 
009 
060 
283 
0.25 
026 
042 

6 
8 

24 
2 

13 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 

0 
0 
0 

19 
28 
93 
24 

124 
3 

32 
26 
39 
54 
9 
9 

76 
71 
31 
17 

15 
16 
19 

1 
1 
1 
2 
1 
1 
1 
3 
2 
1 
3 
2 
1 
1 
2 
1 

1 
1 
1 

OCEANIA 
Aiustralha 

Fiji 
New Zenlrndt 

MlI Mittatirrno 
Muiray
Watnrarit 
Waikato 
Wairrakarir 

urie 
Marinui]
18' I',178"26' 
Taupe Gates 
43" 28' 172' 19' 

1 
9
0 
4 
3 

17 
251
118 
51 
58 

002 
0 15
005 
000 
009 

0 
8 
5 

114 
48 
56 

1 
0 
1 
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Number of 1"' Number of Numberr
Sa aes 	 Samos J '<Sampies 

Beteow Abve Below 'Above Below, Above". 'I 
Below. Above. Detec- Detec Detec- "Detec

tlon tion tion tion tlion tion-i-

Country ~'River - Site -Limit-'. Meanc Limit Limit Meanc Limit Limiti Menc
,.~,Limit 

Egypn .	 Nile , %Kain 
Asslut
 

.' ' C~nter of Cairo
 

El Kanater 
Farsku
 

-Sudan , Blue Nile Khartoum.Tunisia 	 De Zaghouan 35035, 7-37 0 12 208 

NORTH & CENTRAL AMERICA"'V ~ '>' I" 	 i~'.,>.~~."-. ~"' ~r,~ 
Canada 	 Great Bear Fort Franklin :.«9..'<' 9 4' 00.4> '-"0030"i 

Mackenzie' at Arcic Red River , 4 9 0.032 
Nelson.-'i above WeirRiver ' 0 0.001 4 4 0023 
Roseau '.- kGardenton 22 49 19 11 1 0.00 1 34 33 0030 
Saskach an 'aboveCarrot River 28 31 5 12 0 0,01 49 11 0024 

S 	 Slave " iterad 2 0 0.001 4 9 0.026 
St. Lawrence below Lachine Rapids 16 0 0.001 4 5 0013 

Guatemala Pixcaya 140 40',. 900511 0 12 8,717 
' 'Mexco Bravo 25 53 970 30' e0 1 230 
.1Cd':CSlorado 320 42 114043'. 0 47 520 

Lerma 20. 34, 101012 0 44 300,000

PnmdPanuco 230 31.980 18' 6 67 ' 851 3 0 0.050 3 1 0.126
 

Panaus Aguas Claras 90 141.780i41 0 42 433
 
San Felix 90 19"20S 0 45 1,0'
etn,

United 	 Apalachicola Chattahoochee, Florida 6 32 49 3 11 0.001 ' 7 7 0.221 '" 

States 	 Arkansas Litle ntock, 0 43 841 3 13 0.001 5 11 0075 
Colorado Pr8below Hoovur Dam 24 18 2 8 0J001 3 13 0,163"V 
Columba Warren Data Oregon 4 35 5 6 a 0.002 4 8 0.167'PDelaware Tienton, New Jersey ~i0 39 342 12 13 0,001 9 8 0,200 "1 
Dismal ' Thed Ford.: Nebraska 1 1312 0.003 1 5 0.137 

HGreensIando0York......1 2122,,New 
lvissipiVcsug0 32. 512- 0 .12 0.002 .. 6 '1 7 0.269' 

Niagar Heman Missouri 0 44- ,041 ,1 13 0.069 '2 12 0.493NaaaLake Ontario 0 '30 348 2 12 0.009, 11 3 0.200 
Ohio Grand Chain, Illinois 0 36 157 5 19 0,015 11 8 0,237 

-Potomac . Chain Bridge . 2 41 557 4, 36 0.001 14 27 0.193. "I-

RioGrande BrownsvillaTexas 0 43 3,767 5 9 0.001ga 2 12 0236 
Sacramento Freepoirt, California 1 32 122 4 9 0.002 33 9 1.375 
St.Clair Huron Outlet 14 25 22 2 - 1i. 0.001 -7 9 0,981''Lake 

St,Lawrence Cornwall,Ontario 2 45 a 3 11 0601 10 4 0,193
St.Marys Lakeuperior Outlet 22 20 1 -5 .18 -0.001 ,- 7 7 0.236' 

-Susquehanna Harrisbuirg, Pe6nnsylvnia - 2 36 145 12'- 36 0.001 ' 33 - 12 . 138 
Talkeetna -Talkeetna, Alaska- -5 	 '14 10 '1' - 5 -0.0011 - 1 4 0,100 31 
Tennessee - -	 Paducah,ntucky 0.'.43'0 29 1.9 -0.013 '9 6 0,213... 
Yukon Station, aska 7 9 2 OPilot'10 .002 1 11 0.1174
 

SOUTH AMERICA J I'~i''P K~..K~~K7A ,,iA1', I ~I~-M"II74<~i';, 1 rw~'. 


-1 


; 

Argentina 	 Paraguay Puerto Berni 26 '643 

Parana -	 PuertoCorrientesLibertad -0 0 117-32 .1700 ' \- ' - 336 
-Plata BuenosAires " ' 0 138- 2.568'1. 

Brazild Urugtuay '; - Concepcion del Uruguay1 ,54 2' 5' 003 7 10 55''32 


BrazildGuandu - Toada DAua 0 32 654 2 5 0.3 27 1 055 
-Jacul'' 290 561,51- 40 - .4 0 '18 391 24 .0 0.003 -19 3 0.000 1> 
Paraiba doSul, Aparecida . 1 - 0 -39 15,080, 0'' 39- 0.0-01 39 0 ,C000 ' 

Barra Manse 0 44 25,462 48 9 0.003 48 10 0.109'' 11:;
Sao Frarik; o -	 Parolandia 3 7 2.198 6 0 0.003 3 3 0339 
Velhas ' Honorio Bicalho 0 4 1408a3
 

Chile Maipo ' -El Manzano 0 71 1,143 "
 

Cooba l~pocho - 'Los Almendros 0 71 24 
'. ooba Cauca - Juanchifo .0 1.3 560000 0 6 0000O 0 6 0,050,
 

Ecuadvor, Daule - -750 591,1Q4 3'1' 0 27 7,26.0 I "'I
 
Peru ~ Rimac L'i 0 -11' 1,391 "9 20'
'ma 0.232 
Uwuguay4 -'lata - Colonla 0 15 963 0 9 00D00 0 13 0,004

Uruguay ' -BelaUnion" 0 16 355 0 9 0,000 0 14 0.000 ~ 
Sato 0 ' 73 0, 10 0,000 *0 14---000~ .,19 	 DOO 

OCEANIA 4'~ '" 	 I 

Australia ,'~ 	 Mitta Mitta Hinnorunjie 4 '2 0.123 '.'1I 
Murray Mannum 0 127 135' 118 0 0001 '' 

Fiji' Watmanu 18- 1',178026' 0 68 1,848
rNew Zealandd Waikato TaupoGates I 1 51 6 '0 0.001 6 V 0"' 0.1W0~' "' 

Waimakarid 	 430 281,1720 191 0 61 ? 
'-'1 

186 6 0 0.001' '6. 0" 0.0100' 

,(continubd on ntext page) 	 '-- '" 

'1 	 -~'"'1"' '' 1''"'' ~ 'I. 
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Freshwater 

Table 23.3 River Water Quality, 1979-86 (continued) 

Nitrates ind Nitrites 
Tmgof nitroen/liter) 

Biochemical Oxygen
Demand 

of oxygen/liter) 
Number of 
Samples 

Number of 
Samples 

Below Abovb Below Above 

Country River Site 
Detec-

tion
Limit 

Detec-
tlon

Limit Mearc 

Detec-
tion

Limit 

Detec
tlion

Limit Meanc 
ASIA 
Bangladeh 

China d 

Inc!a 

IrLuorlesla 
han 
Japan
Korea, Rep 
M.l)ays.a 

Pklanl 
P up; nue'l 
TI 'rlrd 
,,I e"' 

Brhlrmaputra 
Lower Ganges 
Meghna 
Chang Jiang 
Huarghe 
Zhujlang
Bhuma 
Caueri 
Chahyar 
Godat ar, 
KaIirita 
Krishna 

lahi 
Narmada 
Perlyar 
Subarnal 
Subarnarekha 
Taptl 
Walingarca
Barilo 
Karon 
Kso 
[ian 
Kelant.an 
Kinta 
Irdus 
Cag lyan 
Chao PhIna 
Cirk SLJyIJ 

Bahadurarad Forryghat
llardrnce Bridge 

90' 59' 2.1' 06' 
Wuhan 
to Koia Bnrdo(I 
Xliang River Brdg.
T-il11 
Krnnarja Sqe Darm 
Ko'hn idu " 
Po'alvarrrtn 
PImflIol,,ottla Kad 
V.,lads 
Se1aa 
Gardeshvar 
KIadI 
Dhano Dam 
Mango Brdge 
Kathore 
Ahi 
Soull 
Ahwa. City 
Shin Oclha 
37' 2' 127"17' 
Jar ,batan GurIerdI 
Ti jong Rarnbutar Darn 
KoIr, 
Caqava De 0 )
Nakhoir Sv: rrr 
Beskopruler 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
111rolnlan1 
0 
0 
0 
0 

0 

0 
0 

7 
10 
14 

120 
119 
119 
85 
76 
61 
65 
11 
70 
62 
60 
62 
65 

1 
14 
80 
21 
23 
72 
11 
12 

147 

26 
48 

0 88 
056 
084 
0 23 
194 

0 60 
022 
0 03 
0 86 
055 
193 
0 75 
8 96 
0 5Hi 
0 9 
034 
900 
0 15 
0 35 
026 
6 22 
025 
095 
022 

1 86 

027 
039 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 
0 

26 
13 
34 

119 
118 
119 
84 
80 
60 
61 
14 
67 
57 
59 
62 
65 
13 
14 
78 
22 
23 
72 
52 
24 
55 

150 
76 
16 

51 

3 
3 
3 
1 
2 
1 
6 
1 
1 
2 
4 
3 
2 
3 
1 
2 
6 
4 
6 
5 
3 
1 
1 
2 
0 
6 
1 
1 
1 

EUROPE 

i~t'e 

Denmark 

France e 

Germany, 
Fed Rep 

Hungar,,d 
Ireland 

Italy 
Luemlbourq 
Nelherlands0 

Norway ' , 

Portugald 
Spain-

United Kingdorm 

EsCUal 
Espterre 
Lys 
Meuse 
Sambre 
Scheldt 
Sure 
ZeIzate 
G.udena 
Odense 
Okjerna 
Susa 
Garronne 
Loire 
Rhone 
Saorle 
Seine 
Danube 
Elbe 
Ers 
Mo'elle 
Niers 
Rhine 
Weser 
Danube 
Bano 
Blackwaler 
Boyne 
Clare 
Adige 
Sure 
Maas 
Rhine 
Glama 
Dtra 
Tejo 
Guadiana 
Mno 
Sorbe 
Telo 
Avon 
Carron 
Thames 
Trent 

Belraries 
teersNord 
Warrreton 
Lanayerferraaen 
Erquehrrnes 
Doer 
Marelange
Ghentfferreu'"rr 
T, im Bijro 
Broby 
A rtlenjard
Naby
CoulhLurs 
Natis 
St Vallie 
Au,orrne 
Paris 
Joclrensteir 
Geeslhaclyt 
Herbrurn 
KceblenJMoelle 
Goch 
Kleve/Birnen 
Inls:hede 
Budapest 
Grarguenamanagh Bridge 
KIlavullen 
Slarre Brdge 
Coron Bridge
Trento 
Waasertlhg 
Olan Frontier 

Leo 
Hasle. r ,n 
Benrolen 
Santarem 
Puerte Palmas 
Mayor Oroza 
Murre! Guoga
Pienle Barca 
KeynhIrar 
A-890 Brrdge
Teddrngton Weir 
Nottingham 

0 
1 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
1 
0 
0 
0 
0 
0 

0 
0 

39 
27 
29 
75 
39 
35 
33 
52 

14 
13 
14 
13 
14 
13 
14 
84 
21 
10 
14 
17 

265 
193 
27 
27 
52 
29 
35 
4 

30 
51 

212 
97 

444 
3 18 
4 00 
2 5,1 
2 72 
393 
3,14 
2.49 

10.56 
1335 
2417 
1906 
22.46 
1574 
2242 
249 

1290 
7.95 
8 14 
549 

2 76 
3.99 
021 
0.19 
086 
1.42 
052 

110 10 
026 
697 

7 10 
7.97 

0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

42 
33 
38 
77 
40 
36 
36 
52 
19 
6 

21 
9 

24 
23 
24 
24 
24 
14 
14 
14 
13 
14 
13 
14 
82 
21 
10 
14 
19 
9 

25 
259 
189 

58 
43 
41 
26 
42 
2 

23 
1 

7 
201 

6 
5 
9 
6 
4 
6 
4 
3 
7 
1 
2 
5 
3 
2 
4 
3 
6 
5 
3 
5 
4 
5 
5 
2 
3 
2 
2 
3 
4 
3 
3 

2 
3 
1 
1 

29 
2 
1 
3 
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Freshwvater,
 

Numberbof 	 Numberof Number 

Below Above Below' Above Leiow Above 
SDetec Detec- Detec- ,'. ' Detec- Detec Detec

tion tIon t.lion. tion tion tion 0
Country 	 River Site Limit Limit Mean0 

.. Limit Limit Moen Limit Limit Mean c 

ASIA': ''~~2' ' 	 'v~' W .~' '"''"~~. 

Bangladesh- Brahmaputra Bahaduraboad Feryghat 0 20 2,606 
0 Lower Ganges Haidingje Bridge 0 . 8 1,963 . , 

China Meghna 900 59, 240 02r 0 * '38 3,193 12 .0 ,000 120 0 0215 
; 	ChangJiang Wuhan 0 120' 667 1 

Huanghe -J LioKou Bridge 1 -118 4,974 ,76 43 0.000 117 2 0.251 
Zhujiang Xijiang River Bridge 0 . '9 i- 865 9 61 0.000 118 1 0,100 

India 	 Bhlma Talkali 0 8 175 ' 
Cauveri Knshnaraja Sagar Dan 0 77 439 
Chaliyar Koolimadu . 0 ' 59 438 . 
Godavari Polavaram 0 48 7I'r' ' 
Kattada ' Panamlhottam iKad 0 13 578 
Krishna Vijayawada 0 46 57 
Mahi .' 	 Sevalia '7 49 550.000 
Narmada 'A'- Garudeshwar 4 43 260,000
 
Periyar Kaladi 0 01 767
 
Sabarmat " Dhario Dam 0 62 1,147 .
 
Subarnarekha Mango Bridge 0 11 21,455
 
Tapti Kathore 0 7 37,000
 
Wainganga Ashti 0 8 3,699
 

Indonesia Barito South Kalimantan ' 0 18 220,000 21 0 0.003 17 2 0001 
Iran Karun AhwazCity 0 20 903 
Japn, Kiso Shimo-Ochiai 0 72 2,700 63 3 0.001 '25 0 0.500 
Korea Rep Han 37°32! 1270 17' 12 36 60 48' 4 0.002 47 4 0.480 
Malaysia Kelantan Jambatan Guillemard 
.. d " Kint.. Tanjong Rambu:an Dam 0 25 2 04 

IPaistanIndus 	 Kotl 0 155 120 0 8 0000 0 8 0000' 
d


.Philippns Cagayan Cagaya De Oro 0 62 7,628 0 19 0.146 
Thailandd Chao Phrya ,NakhonSawan 3 49 2,211 0 20 0.001 0 25 0.380 ' 

Turkey Cark So-y Beskopruler .0 4 186 

..- Belgium 	 Escuat ' Belharies 1 . 30 -118 ' 0 36 0.002 6 29 0356 
Esplerre LeersiNord ' ' 0 22 43,387 0 29 0.114 2 26 0.778 
Ls Warnelon 0 .27 9,510 0 .. 30 0.004 2 28 0233 
Meuse Lanaye/Ternaaien 0 , 69 188 6 64 0.001 1 62 0.492 
Sambre Erquelinnes . 0 33' 316 5 27 0.001 1 27 0.076 
Scheldt Doel :0, 25 . 119 0 31 0.004 0 34 0.391 
Sure Martelange 0 29 210 1 27 0.000 2 21 0,114' 
ZeIzate Ghentrrerneuzen 0 22 22 1 34.. 0.000 1 31 1.225 

Denmark . .	 Gudena Tvilum Bro ' .0 18 1,918 20 0 0.005 16 5 0.395 
Odense '," Broby - 0 6' 7,755 2 0' 0.002 2 0 1.100 
Oklerna '," Ahlergard ' . ,,( 22 '929 11 12 .,0.015 9 15 8769 
Susa ' Naby '0 7 ' 272 8 ''1 0.023 9 0 0.178 

Francee 	 'Garonne ' Couthures 0 24 6,123 14 10' 0,001 . 20 4 0085 
Loire Nantes 0' 24 '752' '0 8 '0.000 0 8 0.250 
Rhone .S, Vaier '0 24 6,094 22 2 000 5 7 0,258 
Saone 	 Auxonne ' '24 .16000 0 a' 0,005' '0' '3 0.000. 

'Seina ' Paris 1 22 32,000 19 5 0.001 13 11 0.326 
Germany, Danubo ' Jochenstein .. ...' 3-11 '.0.000. 14.... 
Fed Rep' .' Elbe . r Geesthacht' ., 11 0.353 '.6 5' 0127 '. . 

Ems ' Herbrum ' 9 5 0.386 8 6 0.134 
Moselle ' Koblenz/Moele ' 10 3 0.001 1920.130J. 
Niers ' '-Goch .'' 4 2 "0.001 2019 
Rhine' Kleve/Bimmen 0 12 0.002 0 13 0.454 

'12* ug ~ . Weser . Inischede 	 1 0.292 .9 5 +0.070 -

Ha Danube Budapest 	 0 834 4,480 8 51 00 ' 27 36 0.305' 
Ireland 	 Barro .. Graiguenarnanagh Bridge .' 0 5 ' 582 ' 6 0 '0.002 9'' ' 0 0.040 ' 

Btackwater ' Killavullen . 0' 2,664 4 0 0,002 7 0 0049 
Boyne , Slane Bridge' ' .- 0 ' 6 1,878 9 0 0.002 9 0 0,013'188 
Clare ' Corofin Bridge 0 5 .4332 9 0 '0,002 9 0 0013 

~ Adige '. 	 9 0 0000Italy 	 Trento 0 0.000 9 
Luxembourg 	 Sure Wasserbitig 22 2,324 . 21 3 0,004 7 0 0.20'0 

Netherlands Maas. Belgian Frontier 0 65 17,275 0 129 0...002- 0 123 0.179, 
'Rhine . ,,Le- 0 70 '.3,035 0 57 '0.001" 0 i11 

Norwyd Glama Hasemoer 0 35 99 25 0 0,001
' :Ora ""'" 'Beieholen ' 0 38,' ' 3 26 0 0.001.. . . 4", 

. , Tejo . Santarem " 0 36 12,000 r 22 0' ' 10237' 6 0.406 
Spain Guadiana Puente Palmas ' 0 32 402. 18 12 0000 

I Mino Mayor roza 0 32 , ,31, , 21 2 OD 
-Sorbe MurielGuoga 0 2 31 .2i 5 0000. \"'21 

Tejo: . PuenteBarca ° : 2 26 0.001 .... 

United Kingdom Avon ~. Keynsham 15 24 0.000 ' " 

Carron O890 .	 14 20 0002' 29 4Bridge ' 0.123 
, ' :Thames . ' Teddin ton Weir-,'.. . 102 6 0001 187 1 0498 

Trent .,' ' : Nottingham :27 25 65 0.002 2 0.114 

Source:Gtobat Environmental Monitoring Systei 	 + ''l,:, 

a.Total cadmium (soluble and particutate) except where indicated.I ~ ~ ~ .8 
b.Total mercury (slbeand rllculate) except where indicated. 

limiswre assign detection limitimivalue for calculating thlemean,
 
d Cadmium and mercury data are for sotuie to , ':i,;;,4
 

plesoutidedletection 	 orlaedthe 

Samplesonlyslde'detectioil 


a Cadmium data are for soluble form only.
 
0 -- zero or ohelimit c4deteclion;X - tocew values to calculate statisic blank - not available, mg - mitligrams; iog micrOgrams 

"'For aidditionial inlormaltion, see Sources and Taict,iial Notes - +~P+4j ~I 

+ V~od, ~Roou~eo19A 



Tabe. 23.4 Pon duci:on- ots anr'. T ariffsfo, rink"ing Wate, Early 

2''20.4
.. 2".ye X3424. :'.
 

s
... ..... . ;apit (U $ SmA raa /lo ta-pp)~:, $ Sm) ,;:~alf,
 
D2i"t , " ' X 2 39022 .50 040 0a) '52 no
: : . ., : ($ U S /m,,. - -: Ru ral ::.lon < h p ipe -- ($ US /m 3); l,la rlff . .i:s Rural li o pipe, ($ sf 3 3; ar 

Guina
, 
 2 1 27 22 0.0 050 n a vs' 2 " ' 11 .j.1.0 322 ',- .: .. i:,
 

, GuneBeni'n2 51 90 ... .. ... .....Brunei , : r " 27 '21a.A n ol 21 . .. XX 0.4 . X . r X Z:" 240: t:X: ' i l.9 0 2aiit. .. 'XX . C ) 0.44-- .1""J]nob0,10 .. 2 .no .Burma : .. , 5 35 5-70 032030-3Faclit Cosldieructin3 0 - : .:Xx 4 ' ,20" y es"1.0t0~io ' 
BotswanaFaso- , X 35a" 

no22
Burkina 
 25 100 40x" . 23 "040x yesyes Hon Kon . - xCpu"r ,03x-,.,: ':0. 8: ].1Burundi 17 160 100 0L39 0.22 " 2" ; 25-72 

.. .yes
-no Inda 2X- 7-'70. 06- 601'0'.
Liei Urba Ur f92 Sy044em s Phlpie 37 x2 0.12Ur8a UrbaCon9o I ndnesa ye200 143 802.22, 0.50- 0 9 ' i 10-;15 60 : xX "010OLCape Verde' " 26 36 .13 184 no Korea,2.22Rep 29, , x X ,-x xX' k 0 .10 : yes-:' - 2,4,-20.16 X Jordan .x i; x.4222- 011 :jx: x.X . 0.35" yes=, 

Ghana.. 50x 39 1580 0.055 "lbotyes, Lao PDR, 5-5010 0,30 0.20 yes Macao 50 3DO-500 0.3- 101 0,35 .0,38. :: 'x::;- %2 X 0.18 .28 .no 

Malaysia 35-210 :200 X 0.18 -. 0.25V. yes, . . : 
Guinea Bissau 100 160 a 

X 0.50 0.50 no N p l2Kna151170 150-3150 50-150 3 0 .60 010x O yes Paisa 19 38a x -
e 

2 oNie 57 1 44 i- X x 

noyru 
, Houe 080 

x x 
ow X 007 yes SaudoArabia X 420 X 
 10 0.10 no 

Malawi • 10 Cne 75 45Madagascar . 38 97 0S28 yes .d Cnnecke de 26 432 x Ye Si Stn15 01s yesS e 10 14XX 0. 16 no OE eNIA10 .... . NA5 .. 1960.... a 
X 11010 010 020 yesoye.. ;:, :,)...
 

3
Murl 28 1X 0 0 ysMali ' 38 7280 4 0.51.2m 0,14 e _Ga b a24 0.0 yes SyranArab.Rep-, R100 Xu 1 2:'X i250 p o " :' yes/ . . . " 60.25 0,13 yes 
- 1 18 ' 03 . - " !8 ' e ...:
artn~~~
i ! .: 62-;
-Maurius X , X 025 6-68-- - -- Thailand 4-66 61 X,urit-an. 0.20 X UAE sh 853 0.26 0,15 ' yes :,8 yes Turkey 93 1030 132 090 noMorocco 115 -2 77 00 X ; 0,20 ; , ' 025 - yes;::'

n x VieNa X X ' X noB;Nige ': 3 0 XX 8 0yes Yemen 125 300 250 , 10 ,40 yes
Nigeria _o .
 2 10 40 0.2 y Yemen,Dem 240 300 2 ,-0026 0.30 yes
120 40 . 065 ye 

Ugenya 1540 150 00 5 x15Rwanda u 15 x x yes Pa isa 19 38no , XX.22 no i.d.a
 

Sierra
Leone 
 0 250 200 0.2 nox Amerian 2080 1000 X 040 080-, X 
 nesSomalia 10 
 130 90 0.50 0, no Cook sandsSudan . 72 96 X X 030 .00 no17 60 40 0.05 0.55 yes ji 6R5 . . 31 0.35 018 yGan a ," M2a.10 56 100 56 0.45 0..2.0 0 yes 100755 no SrVanuam a 205 X 05212 15 80 0.19 0201X no 
GUnited Rep . 2 4at0-

yeso 

Tgo, a 
n19 

K22aa 5 2X X -'.X 0X ' X
126 x 0.6 031 yes.00
Tunisa u 200 250ManRia 55 I0 
- X X 0.31 nos NepalI 0627 0.68 yes Ntrey3 2 70 X 0.16 08 yes10 X 02:2 e 

aiZambia ;:U~ana:: : x,v 1sl0T0.st3Ter.... yesyes Niue,;.,. 120Le ' : "1 0 2400 ..X Pac' 5 92 X X 0.4 yes .: -: 650b : 680b450- .650b " :0 -X.1 :007-X ,"n:yesPapua New Guna 15 150, 50 0.2 0.405 1,27 82 034 0.22 yes Solomon 
yes 

o 1s.ands7 025600.300 yesN & CENL40yaA30'Maamasca3 8 97X 21 X 0S.au 010 - 21.1 n -MaliWestern no iongapore 48 63 X 0.8070 14.. 0.2y0e0.14sy2, 0.300 S3mo7 150 085 no
Belize 128 28510.5 . 0 yes v yan a b ep 1 25 " 

.430 
zeCay:::-'hailnd 025 " 03 yeI01ands5 
 rganization, s-66 '61man 

DominicanRep 58 
 94 X .05 .70 yes a Combined igure h0 3or s 1onnec4ionsand 

ElSlvador" '- - 100 " X ;: x ,. X: X " XI .b Per house orstandpost. '... :.,, .;;
45Togo2r 

Ch'uil 
j 

' 120048 147 :"30 :0.08: " -0.03: yesyes ;:Ymenr- Information2ee Sources4 and Technic , ,i 0 1 e 
Hati 25 0.15 0 w dGuatemala '" , 120 40 028.131 yes N C l n aI.1 

X additional 0250 C O 0.1 Nue6not available; NA - - 026 ,il yes not applicable; m3 cubic meter 0Honduras 50 257 X 0.19 b b 5 b X ' ICn , 0':-0.24 no . .: - - . 0 2 . :Ec,-Uqandar ' 2300 5405 8 xV 0.20 yes Pa si us er 45Mexco " . 157 12 C 0 80 7 ys143 2 0.0 0.22 yes
Sicaraqua 116-6 24
e57 25 0.29 0.20I yes,: A SPanama :, 160 110 9X 0.07 0.75 yes CTrinidad&Tbag r410 350 30 1.0 5 yes i 6 18 2 0.35 '018 yes '. 

A entna , 8417050 00750 010 nes Guam v 10 205 X 0.' IC-o. ,,
 

C~olombia'-.. 19 10: -30 004 2td.. 69 8 - "yes 0.0 -: Tonga 48.o . I . " . 0 a .. s ". ...'"'o "" o7. 
Guyana ' 120 120 .,yN100e

-'322 ' ' ~ . 20 2 5 .52 25 
yes u0ne8 10003a 0 0.60 040 yParaguay 130 e auau " I ''125 2 0.24 019 yes au-

.5 ' . 9 .1 n 

Peru ...."..... : '" 52: : "52 , :5 : 0.06n 7 0O.G8: ye .... .. .y0 s.6s s4 0yo0 'an 1 . 25 y e 
Uruguay 122 22 -4 X
Ven zela " .... .16 - yesX X 2 '104 3 -X :. . IC IC. . I.
 

__'___ _-__ _ _._"_:__ _ _ _ _ _ _ _ _ _ _ _ _ 2 J 



Freshwater
 

Sources and Technical Notes 

Table 23.1 Freshwater Availabil. tahle, industrial use includes water withdrawn lechnical potential is limited to the total 
ity and Use, 1959-85 to cool tlternioelectrit, plants. Ilecause nti all 

countries collect data using these categutries, 
pitential ofall sites where it is plh,sically 
poissihle toconstruct (aims, with i t'ociisid-

Sources: Waiter availabilitV aud use: .,For- the sectoral data are isoit strictly comnparable. eratiin of ec ino, iCiiret rlnor ii adverse 
kasiewicz and J.Margat, "].JihluuAondial di' Water use (files not include instrealn uses impacts oItsite develiopiiit. "'hewWorid Bank 
Ikinees ,Vtionales Di)econoitnie'de I'Eon. of water suchias hydroelcctric poiwer genera- obtained data )ittechnical hydroelettric 
Resources etUti/isattioniDepartement ion, navigation. hialhitat for lish itll,other Itential frio infornation available itt pul
ttylr geologie, (rleans, Fraice, 198l0):and 1. aiquatic life.tand reereation. fished repo rts anti irncWo rldBank files. 
Margal. )eputy l)irectior, Department For additional intrinationcil water 
ttydrgeologie, (rleans, Fratce, Septemher 
ainidDecemher I18(personal coUllitlnica-
tionsl. I'cpulaticn: U.N. 'Ripulatiot )ivisiott. 
lbrld bpi lation Irospects. Fstincites roid 

resources, see M.I.IEvoich, fl' rlcl liter 
Resiurces and 77wir I:uiir (Mysl' tI., 
tuos'cow, 19,f), English translatiotn edited hy 
RIiyo nd I.. Nace (Ainericcai( cophysical 

Table 23.3 River Water Quality,
979-86 

1 , u.ns(isAssessed in 1984 (Uniited Lntc Wisltcgtoln, DC., 1979). Source: (ilibal Environiteuit Motitoritg Sys-
Nations, New 'Yirk, 1986). teln, ttpuhlished ditta(Catiada C'entrefor 

Margat comutpiles water availatility anti use 
data frioi Ictblished doccieitts. itcluding Table 23.2 Large Dams 

Inland WateIs, Builiigton, (Ontario, [)e'eother 
1986) 

national, U.N. and professioial literature. The GlolialEnvirotniental Mc nitoriug Sys
)efinitions and dlatacollectioni methods vary Sources: Datis: Internationual (comtmissioncit tei's Water Network (GEMS!WaIter) is coordi

acroSS sitlirces. Data forsicall ciiutries atid IzLrgeDatis (IC(htI)), WBrld Register of Dains nated bv tie United Nations Fnvironienlt 
countries illarid and seiniarid zotes are con- J9l-1 (O(t)I., Itris,1985). 1.drocelectric irogramme. the World Health (rganization 
sidered less niliable than those forlarger indi capacily: The Vorkl Baik, A Sori'ev iif Iic' fVl10) thehUnited Nationts Iducational. S'ieui
wetter couotries. Fir details oitspecific ci'iun- 1ifiun Nillh of Itvdr h't'tricbi e,'ifn)100 tific and Cultural )rganization, ad the Wrld 
try data, refer tothe siirces. Deel'hpig (Cimitri's (Ifii Woirli Baik, Meteoroligical ()rgaiization, Monitoring sta-

Freshwater availabilit v refers ti the average Wacshingtou, ItC., 1981), anid UN.Statistical tiiis iri operated hy natioinal authorities; 
annual flow iif rivers and aquifers generated ()ffice (UNSi tl,Ei'vrcl Stdcstc's )i'i:rhi(iik GEMS/Water establishes ietwork operatitg 
frol ediiogetiiis precipitatioin. These atnntual 19' tUNS(). New Yirk, 1986). pr itocilsand station-sitiug guilelintes, ccitt
averages disguise large seas cal, interannual Itt II) ocbtainsdata from uatiinal cOltlinit- ducts inuhrlabratory coparison exercises, 
and loniilcern variations iii water availahility. tees ut its 7.1ineniber countries. Ifornation provides training toinatiuial persoinel, and 
Wlhel data fur water fl ws Irili illcer ioun- ctil daus illnUollemher counutries (about I oprates a central data base attileCanada 
tries art iii t shiwn, the totalavcilacility fig- percent of all relsrted larg- darns) was col- Celie forInland Witers (CCIW) in Burlington, 
ure ocay include flociiws. lected by committee members. ( ntario. Monitoring iata have bed submitted 
Othcer neasures offreshwater availability Danis nmeasuring at least 15 toeters, from to CIW sitce January 1,1979; data available 

may be tnire useful, defpending oil the appli- the lowest poirtion of the general fouudation alCCIWV ott November 28. 1986i, were 
cation. Fo r example, river anit aquifer inflows area to the crest, are included in tie register. screened fiir use inthis table (see below). 
from iother countries are usually exclded Because if the nulber if large (ailts in As of )ecemb'r 1986, 263 stations (on 194 
Ircmi availability data illthis table. IHowever, the United States, Chila, India, and Japan, rivers in52 countries) had reported data to 
countries often have treaty rights tioa portion coly datns over 30 meters high are included CCIW 1o select stations for inclusion inthis 
ofan itternational river's flow;because (if the in the register. The total number of (failms table, a three-step process was used. In 1983, 
definitlut, ite actual av'ailf-hility of freshwater over 15 meters, completed or utder construc- GEMS/Water rated 2014stations for representa
is understated. (-e 'haptei" 12, "'lie's and tionits ofiDecember 31,1982, wits 5,352 it tiveness in order toevaluate the global cover
lstitutions:)In matl countlies, tfie release the United States, 18,707 in Chia, 1,205 in age of important river basins. A station was 

of water from glaciers ;nd large lakes also India, and 2,226 in Japan. There are also considered representative if it satmpled pristine 
contributes to freshwater availabii;ty. 1,000 dams over 30 tneters itt China that are water (5 points),was located oi all important 

'Miter is withdrau-tn when it is taken frim Ia not included in the table; they are included river (in terms of basin area [0--21, river dis
surface or underground siurce ind conveyed inthe totalgive[) abotve. The dams listed for charge [0-21, and whether the river is interna
tothe place of ise. Water is corisumed when the LSSR include only hydroelectric dals tional[21and discharges into the ocean [Il 
it isuo I'figer available for usce because it has controlled fy the Ministry ofE-Inergy and oltmnitored rivers imoportant to a country's 
heen removed Itom availchle supplies i I.lectrificatiotn. Ati additional 2,f(f0-3,000 large water supply (0-2), and was located down
evaporation iir transpiration, bv Itse ill agricul- Jatils built hy the Mitnistry of Agriculture and stream frm .,lajorwater uscs (0-2).All sta
ture icr ma ufacturing, or f)rhunian con- local autthoritie.s arcenot itcluded in the table. tions rated 5 and above and an additional 59 
s'litption. About 45 additional large dams inthe Gcr- stations Ihat were iut evaluated at the litte 

Witer thatis withdrawn hut [lot consouted mati Democratic Republic (GDR) are riot were screened for data comprehensiveness. 
(e.g., irrigation runofl, cooling water from included inthe table. The CDR became ati Developing country monitoring stations were 
thertoieectric plants) is rtlurned tothe %lwater IC(l) meniher in late 198-4 and its list wits considered comprehensive if they had data for 
basin. It call le withdrawn again privided the incomplete when the register was published. at least two) of ile five itilicatlors used in the 
cqtiallity has noit been degraded. Data forreservoir area are also incomplete; tab!e;developed country stations were 

Per capita uvailnbilit'data were created the areas of Canadian reservwirs, for example, included if ley had data forat least three 
using 1987 population estinlctes likr capita are not listed in the World Reglister of Dlams of the indicators. Many rivers had several sta
trithdraw/alfigureswere calculated usitig the- 1984. Continental and glohai to'tals are the lionsthat met the criteria for representative
total withdrawal estimtate foir fill- "yc'ar of suits of listed cottry data. Refer to)the ness andi comiphrefliensiveness. For most ot 
data" as the ntmerator and natioual iptiia- source for additional details. these rivers, onilythe monitoring station fur
tioii data iorthat year s tf i'idenlinato It Theoretical potential represents the energy thest downstream wsit includcd iii the table. 
no -yearot data" figures were available, the that would be produced if all nnoff ran The five variables used in the tablewere 
1975 population wcas ustedti calculate per through turbines to sea levelwith 100 per- chosen to reflect three major types of water 
capita withdrawal italistics. cenl mecahanical efficiency Data are from contain nation: agricultural runoff, sewage, 

Water use is classified inthree catego)ries: oVorld Energy Conference, 1983 Surtvi', of and industrial waste (see below). These varia
public Ilse(honies, comunercial establishntels, Energy Resotrces (World Energy Conilerenc, iles had the most comprehensive data for 
public services [e.g., hospitals],aod puhlicly Iondon, 1983). More recent dtah will he avail- the three types ci water contamination. For 
supplied industry), agriculture (principally irri- able in1f87 from the World Energy Confer- example, cu the monitoring stations evaluated 
gation), and self-supplied ildustry. Il this ence field in October 1986. by GEMS/Water in 1983, 81 percent moni
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240 Oceans and Coasts
 
Oceans cover more than two thirds of the earth's surface, 
and they contain huge stores of food, minerals and other 
resources. This chapter provides information on the abun-
dance and exploitation of marine resources as weil as on 
the legal framework that has been created to manage 
these resources. 

Table 24.1 reports on the length of coastlines, national 
claims to coastal waters, and marine fish catch by coun-
try. Three types of claims, are coveied: territorial seas, 
Exclusive Economic Zones (1EZs), and continental 
shelves. Territorial seas are claimed by a country as 
sovereign territory; ElZs and continental shelves are 
jurisdictional claims to living and nonliving marine 
resources. Seventy-one countries have established E's 
since 1974, bringing about .5percent of the world's 
marine resources under national authority, 

National fish catches have changed sharply in the past 
decade because of several factors: establishment of EEZs, 
fluctuations in species populations, and improvements in 
fishing methods and technology. With the establishment 
of 200-mile EEZs, several small Pacific island nations 
gained control over part of the large tuna fishery in the 
South Pacific. Some developed countries, such as the 
United States and Canada, also benefit from establish-
ment of the EEZs. But countries whose fishing fleets 
operate in foreign waters (e.g., the Federal Republic of 
Germany and Norway) L-ive seen their fishing grounds 
come under the control ot other countries, and their fish 
catches have declined, 

Data on populations of mrine mammals are very 
limited. (See Table 24.2.) Estimating species populations 
requircs censuses of animals in particular regions and 
information on species' breeding habits, survival rates, 
and migratory patterns. These data have not been 
gathered for most marine mammal species. 

Catch data for marine mammals, necessary for analyz-
ing the impact of harvests on stocks, are limited in 
several respects. Although global whaling data have been 
collected for almost 70 years, the data shown in Table 
24.2 do not ciescribe the impact of pre-1920 exploitation 
of these species. Right whales, commercially hunted since 
the 16th Century, were near extinction by the early 
1900s. Historical catch data for several other commer-
cially exploited marine mammal species, such as south-
ern fur seals, have been reported only for the past few 
years. 

Available catch data vary in quality. Whaling has been 
internationally regulated for 50 years, and catch data are 
considered reliable. However, catch data for small ceta-

ceans are often incomplete because not all countries 
report, and those that do report may monitor only 
selected regions. Seal harvests have been sporadically 
recorded over the years, and the quality of current data 
varies according to region and species. Moreover, catch 
data for seals and sea lions do not include mortality 
caused by fishing gear and other plastic debris. 

Ihe potential and actual marine fish catches in the 
world's oceans (a suLbset of the total fish catch presented 
in 'lhble 24.1) are shown in lalble 24.3. Although the 
global marine fik-h catch has risen !;lightly in the past 15 
year.., harvests for several regions have changed dramati
cally. For example, the Pacific Southeast fishery, the 
source of 23 percent of the world's marine fish catch in 
1970, provided only 6 percent in 1973, ising to 13 per
cent by 1984. This drop reflects the collapse of the Peru
vian anchovy fishery in the early 1970s as a result of the 
abnormally warm El Ninao current. 

TWo fisheries, the Pacific Northwest and the Mediterra
nean and Black Seas, reached and perhaps exceeded 
their "estimated maximum sustainable yield" in the past 
five years. This term-a measure of the oiological produc
tivity of a fishery-refers to the maximum catch that can 
be sustained under average environmental conditions. 
Experts believe that exploitation of the remaining fisher
ies potential cannot be achieved by increased fishing 
effort alone. Realization of the fisheries potential requires 
improved fisheries management, including protection of 
depressed stocks such as the North Atlantic herring and 
the Peruvian dnchovy. 

Time-series data on one marine pollutant, petroleum 
from tanker spills, are provided in Table 24.4. The 
amount of oil spilled into the oceans in the early 1980s 
was substantially less than that spilled in the late 1970s. 
But the oil spilled from tanker accidents is only a small 
fraction of the estimated 3 million metric tons introduced 
to the world's oceans annually. Other major sources 
include: river flows, coastal and offshore drilling rigs, 
tanker flushing, municipal wastes, the atmosphere, and 
natural seeps. 

Several other types of marine pollution can damage 
renewable coastal resources-sediments, heavy metals, 
organochlorine compounds, sewage, and other industrial, 
agricultural, and municipal effluents. However, 
documented effects of particular marine pollutants are 
scattered, and almost no data are available on the 
impacts of pollutants on marine life in the open seas. 
Refer to Chapter 9, "Oceans and Coasts;' for further 
details. 
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STable 242.1 Coastal Areas and Resources, 1974"86': 
Length 

Marine
Coa-tlrct(Territorial

(kilometers) Sea 

AFRICA .,75 -' :' 


Algea 1183 12

Angola 1600 20 


Cape VerdeCameroon -50, ' .	 965___-_ 12 : 


'U"Comoros ~' 340 12''"
Congo 169 200
Cote d'lvoire Djibuti74 515 12
D~bouli 314 . 12
Egypt -__ _2.450 12 

Equatorial Guinea 
 296 2~'""Ethiopia 1,094 12
Gabon 88
65
Gambia 	 12
80 12

Ghana 539 12 

Guinea 
 346 12200 

Kenya 
 274 12
Liberia 512 

Lieya 57 5 200
Libya 1,770 12 

Madagascar 4,828 12 

Mauritania 
 , 	 754 70
Mauritlus 177 12
Morocco 1,835 12
Mozambique 
 i__ 2,7012_b -200 
NamibiaNigeria 	 1.489530.2Renion 	 6
853 20
Reunon , .201 
 12
Senegal 531 12
§_e&11- 491 12 

Sierra Leone - 402 200 

Somalia 
 3,025 200
South Africa 2,881 12
Sudan 853 12
Tanzania UnitedRep. '1424 50 


Tuni a 56 , 30
.Zaire-" """ 
zar'1,143 	 37 ' . 12
' 12 


NORTH & CENTRAL, AMERICA 
Bahamas., ,.i, - : .
Antigua and Barbuda ' 3,542 3
153 12 


.'386 	 9Barbados97 12
,Beltze-
 3
Bermuda 13 3: 
< 	 Canada 12 " 


Cayman Islands 160 1
Costa Rica 1,290 12
Cuba 	 3,735 12 

'.....Domlnca , ' 1 4 8. 12 


Dominican Rep 
 1,288 6 
El~lvdoG ren da : -	 200Greenland . : , ' • '307 

a ..... 	 44.0872 . 3
I 	 . .. " ' : 1 

C :a_ 308L:"121 12
Cuaelpe306 12
Guatemala '400 12 


1.771 12

Honduras "820 12'Jamaica. 	 1.022 12
Martinique29 	 12 


'.':Mxic ' ' ," , , 30 
 12
Nicaragua . 910 

SPanama'' . '2,490 200'Trinidad and Tobago .	 '.12'362 

United States' .19,924 3

SOUTH"APrERCA ': 


Argentina" ' '. 	 24,989 200

Brazl .' ' , 7,491 200. 
Colom845i1 m2,414 . .12 

Ecuador 
 2237 ''200 

FrenchTuian-a-Guyana 	 378 12
459I12 

' (i , 2,414 ,200 
12 


Uruguay 
 36 12
,Uruguay' 660 ,200 

2800"',12 > 

L..~rtneZons' -- - -Av'erage Arnnual"- "
 
(nautical mille s MarinesC .t'hcPerhtae:
otherwise Indicate d) 


Exclusive 88 4 rcantage
 
Economic Continental (thousand 
 OverZone She f mntrir tons) 1974-76
 

65 h's"2(" 

X ... . 70  93
X 	 X 
 90
 

._" 200 
 -- ,, .]
'..X ' . 114 :" ,.; .< -45€"?248, 


20 
 4 _11,X 	 X 
 19 17
200 - 200 79 " 99

200 X 0 .
 _ X 200m]EXP 26 . -8 

40 


200"' X 3 
 -4'X '~X 0 -86200 	 X
X 	 X 58 4
849

200 200m 2001
 

X 17 62
 
200 X 3 
 35
200 200mIEXP 6 61
 

. X 
 X
X ., X 81 79
 
200c 

m 12 29
 
200 200/CM 45 102
200 200/CM 10 
 37
210 .
 X 427 61
 _ .._3 
 50
 

X	 X - " 235 -68 .

200 200m/EXP 270 13
200 X38

200 2CO/CM 219 
 -35200 200/CM 452
X 200m/EXP .2
 

X 
 X 15 85
X 200m/EXP 607 2
X 200m/EXP 
 3 315
X 
 X 29 . -31
 

200 
 X 14 43 ''
 .X 	 XX .: :.>, -:;;7,',:.,7
,1' 92:i
68 5
 

2
 
X 200 ]EX
200 . 00m,. X 5 'r =';'> 75>'' 
. 32..'2. 

200X . ' mX 
X , 

6''1 36
9
.	 36


X-. ' X 
 1 '73
 
1,272 30
 

X X 1 N0

200 200m/EXP " 10 23
200 . X 03 , -11'3 ' 
200 . ... .. 1. .X 

200 ' 200/CM 11 . 89 -


X 'X' 	 10 . 3
...
 ,-:X'X• 	 30::'t, :i"g/ : ;! 102<:
 
200' X 
 '1 '-41'200 ' . 'X' 902
 
200 ' 200m/EXP ' ,

200 ' " -'.200mn/EXP4 15
 
200 200m/EXP 
 8
X 200m/EXP 

'h 
' 7'~ 77~200 ' '1 
 6 .,~ 

r- 200' :2 rE ' ' # 1,086 148

' , ." . ,.f'-54 ,06.4 1' 


IC' .' X 
 ''141 9'X ' 200m/EXP '' 4 
 -2200.... 200fm/EXP4 4.240 ' 50 
a. 

' 8,0 1 ''' 39. "I 

Xt 200rrVEXP 389 . ' .. .-
X X 
 679 '.... " ' 

200 200/350 	 257.200 	 4,051200mEXP 20 
 -19
X 200m 610 
 162"V 

200 
XV 

20C X 2 '--105 '
 
20 A.X 200267 2828 


200 	 X 3 
 .-	 42
X 200mJEXP .4 132
 

-
200 200 EXP . 216 A
 5 5
 

v'od flsuce 9
 

3 26 

J: .' ' ' . ' ~" U i ' 



.. 	 .. 

iK.iTab,1e, 24.41,' 
~--Maritime Zones 	 Arg ~'nua'A '" nautical miles unless -	 Marine Catch . 

Lenth otherwise Indicated) 	 A a C Percenta 

AExclusiveMarine 	 1982-84 Change
Coastline Territorial , Economic , Continental -(thousand *. Over' A: 

iSAkiiometers) ti Sea Zone Shelf U~metric tone) 1974-78 

'Bahrain " 161 3 X X5 133

Bangladesh 550 12 200 CM 152 61
 
Burma 3,060, 12 200 200/CM 454 32
 
China' 14,500 ~ 12 X 'X 3,471 9A

Cyprus~ 648 12 X 200rn/EXP 2 981
 
HongKong 733 3 X .X 183 26
 

A India '7,000 12 200 200/CM 1,575 9
 
A, Indonesia 54,716 12 200 X .1,612 61A
 

A Iran 3,180 12 X X 37 -39~
 
p'. Iraq 58 ' 12 ,-,X X 6 "-32
 

Israel 273 6 X 200m/EXP 10 0
 
Japan 13,685 12 X X 11,156 14

Jordan 	 26 3 X X 0 -73 
Kampuchea, Dem 443 12 200 ,200m/EXP 5 -50
 
Korea, Dem Pople's Rep 2,495 . 12 200 X 1,508 51
 
Korea, Rep 2,411, 12 X X 2,339 2
 
Kuwait. 499 , 12 X X 4 -7
 
Lebanon .. 225 12 X .X 1 -46

Macau 40 6 X 7 -32
AX 
Malaysia 4,675 12 200 200m/EXP 684 36
 

A Maldives 644 12 X X 39, 19
Oman -	 2,092 12 *0C00 X "0/C 99 -48 
A, 	 Pakistan 1.046 12 tO , 200CM 290 .71
 

Philippines 22,540 X " 200 ,* EXP 1,3C5 12

Oatar 563 3 r.' X A X 3 18 A A
 

Saudi Arabia 2,510 12 " X 26 13
 
Singapore 193 .3 X X 21 23
 
SdLanka 1,340 12 200 200/CM 170 51
 
SyrianArab Rep 193 35 X X 1 -3
 
Thailand . 3,219 12 200 200m/EXP 2,062 45 
Turkey 7,200 6/12 X X 503 '329 
United Arab Emirates 1.448 3/12 X } X 72 8 A, 
ViretNam 12 200 2001CM 4973: 4 44 b 	 24 

'A Yemen' . 523 Al 12 X 2415
 
.1,383 200 :Yemen.Dem 76 63
12 	 200/CM 

2 	 EURtOPE '''~r.2' 'A~ ''~'-'' A12,002~ ~A~< 75" 
1

A'' 'Albania ' A0~rX 418 15 	 0 A2 Belgium .	 64 3 X X 48 3Bulgaria - ', 354 12 AX 200m/EXP 102 -27 
Denmark -. 3,379 3 X 200m/EXP 1,856 2 

't"U Faerolslands 764 3'' X .X... 193: -34 A 

Finland', ' 1,1260 4 X 200rn/EXP 121 '. - 35 
France 3,427 12 200' 200rnVEXP ' . 753 .: -4''? '.1Al 
German Dem Rep 	 901 12 ' X . 200m/EXP", ' :.214 ::.-" -AA"34 1 

" 	 GermanyFedRep 1,488 ' 3 " X 200m/EXP 293 -36
 
Greece '13,676 '- 6 X 200m/EXP'' 92 2
 
Iceland ' ' 4,968 12 200 ' 200/CM' 1,054 B
 

A Ireland 	 A - .. 1,448 3 X ' X 208 129 

Malital 4,996 12 ,X ''200m/EXP 442 11
 
aa140 12 X 200EXP 1 -26
 

9AANetherlands ' 	 12 X :200m/EXP 487 54K 451" 
Norwa ' \,419D 4 ' 200 ' 200m/EXP -8~ -''U'2,597 

1Poland 	 491 12 ' X 200m/EXP 657 ' 9 
Portugal-' 86b . 12 200 200m1EXP 262 ; 32 1,A


Romania ' 225 ' 12 ' 200 200m/EXP' 181 114 A

A
 

Spain ' 4,964 12 200' 200m/EXP ' 1,272 1
 
Sweden3218.1.........-..... ..... 3218.........,.12- X.. 200m/EXP. 26
 

AA United Kingdomn A , '12 429' ' 3 ' X 'P 85971
 
Yugoslavia ..... ''. l.. ''A ' . 22.. -0-,/XP. 47, 46
1:521b 12 .nE....... 
 2 

AUSSR .' 	 , 200, . 200mIEXP 94',275 - .d1212 .... 	 ....... A , '41 

A A'"OCEANIA ) J 	 ' " 417,.-' 49 .1.~ ~ 9 

Australia 2576 '16'-......63: XA~ 2W/X 	 42 
ireeCoket ''' 'An 120 12 200 20/CM '1 	 -17A 

French Polynesia' 2,525 121 200 A X , 2 -9-

FijI-.-' 1,129 12 200 200rn/EXP 26A 430
 
Kiribati-1 12 200 X 23 A43A
 

9 Now Caledoni hf,254 	 12 200 A X A A03 
NewA''AZNaland 15,134 12 .200 200/CM 144 114 ~.'-.
 
Niue~-.A 64 12 A200l 'X 0 N
 

P~paNewt Guinea 5152 12, X 200m/VEXP .3 -"'
 
19 ' 	 I0'ron Islands A5A3A 3 12 200 1 X 4310 

T a 	 419 12 A 200 A 200n/f(P 2 126<~.A 
STujva~u,"A A2 24 200 Al X -1' N~MAA
 

VanuatAu 242 12 A2A0 200i'CM 34A IA1'
 

AAAtso'urces: US Dparmn off~~'State; U.,J a~w of the Sea Secretarial; and U.N Foo an Agiutr Organizaton. 	 I~~~9 ~ 
Notes:iI1h 	 ~ ~ 'A A A'~

S a.Mvarne catch includes marine fishnsrimolluscs, crustaceans, and miscellaneous aquatic anlmialsl 	 '-
. 

'- A~. 


b,Coastline figures exclude islands, A' A-.-- ~.
 
cContinental shell limit for Madagascar is200 nautical miles or 100 nm. fromnthe 2,5SO-meter isobath, 9.AA 9 'AA '-'
A ' 'A ' 

0A- zero or le~s than hll of. I percent: X - no claim made or Informataion no avaiiable; NM -,not meaningful; m -meters of w~ater '""(depth)
I - fathomp (1863 meters); CM -m edge 01continental margin, EXP Imits of exploilab'e resources. AA' AA-'A ~ '~.A( ,iA i.~ A' A
 

SFor additional nibormaticn, see Sources and Technical Notes, A"kA. ''AI.'j' A - '" ~ '-ol RQsouCosisar
 

A '. 'A "' I'.~ AI A' KA'A27,- A'I"'A 
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Table 24ii MaiisM6,
44 

1920-85-
S~ JPopulationi 

Obrginae Percentsae -

Abunanceof InitlaY 
Species (stocks) ( ,ea!imeria Stock Dataexploitation) Current Remaining Source Total Reported World Catch (number of animals)o Data1920-29 1930-39 1940-49 1950-59 1970 79 t196069r a1980-8S 

,THREATENEDsp(slasE - u ,SP roIE.Su 

Gre at W hale s.. . '' u
 
Gray whale XNortheast Pacific X X NMFS 230 291 438 7315,000-20,000 13,450-19,210 recovered N1650b 1,73Ob 650b NMFS

Noith'dst Pacific X near extinction XBlue whale. X X X NMFS 69,130 170,746 46198 35,948 7,434 23 0 USNorth Atlantic 1,100-1.500 ' 100 6-9North Pacific 4,900 1400-1,900 29-39North
Indian Ocean X X XAntarctic 150,000-210,000 1,000-8,000 <1-5 .. 
Subantarctic Indian Ocean 10,000 5,.U00 50Fin whale X X X NMFS 78,140 139,384 111,215 286212 174,995 22752 2,015 USNorth Norway sevorai thousand x XWest Norway/Faeroe Isi. > 2,700 X 10Spain, Portugal, >5,000 X X"


British Isles
Denmark Strait X 1,791-11,584 XNorthwest Atlantic", X 3,590-6300 XNorth Pacific 42,000-45,000 ', 14,620-18,630 32-44
Antarctic 400,000 85,200 21
Sei whale X X NMFS 13,628X 6,382 8,747 31,689 154,968 .35,151 506 WSNorh AtlanticNorth Pacific x 4,5 X45,000 22,000-37.000 49-82 ..
Southern Hemisphere 63,100-64,400 9,800-11,760 15-19


Humpback whale X X X NMFS 16,219 27,359 9,334 37,688 12,445 78bNortheast Atlantic 182b WSX X XNorthwest Atlantic >>4,40 5,257-6,289 recovered?Norh Indian Ocean 

North Pacific 15,000 

X 
1,200 

X X 
8
Southern Himisphere;:. .X 100,000
'Bowhfeadwhale 2,500-3,000X 2-3x NMF ' 181b 125b ,9 9b 99 b .,13 5 b .:2 3 6b .:.7 1b NMF 

East Greenland-Spitsbergen 25,000 n etci 1t 
Davlstrat 11,000 X 5Hudson Bay 680 X x
Western Arctic, 18000 4,417 25
Sea of Okhotsk X X 5-10? 

-
Ri ht whale 100,000-300,000rithAtlantic .. 3.100-3,200 1-3 NMFSC :"i 31 -3, - X XX )( X . )X X X XXX:.
 
North Pacific X X near extinctionSouthern Hemisphere X 3,000 . X


Sperm whale 1,377,000 982,300 
 71 NMFS 11,645 27,118 53,800 157,608 249,470 181,023 5,424 lWSNorth Atlantic ~ ' 166,000 99,500 60 NFNortheast Pacific 311,000 274,000 88'4' Northwest Pacific 309,400 . 198,100 64Southern Hemisphere 590,600 410,700 70 

Northern botlenose whale 
 X X" Shepherd's beaked whale . X 
X X X X X 3,464 813 0 US 

. Pygmykillerwhale X X X . K, KX X K-
 . KX X X . X
 
Dolphins and Porpolseac- LaPlata Riverdolphin X 
 XGanges Riverdolphin K 4,000-5,000 

X X 
X FAD X X 

X X X X 262 IWC
 
River dolphin X X: X
aIndus X
X 450-600 X FAO X XYangtze River.do.phin X X X . .^ . XAmazonRiverdolphin K X X X X XX X X K K XXCocho,. 7 "WCK X K K.X KX K 

-: Sirentans and Otters 1DugongAmazonian Manatee XX K K r K X ~ X X> 10,000 . FA X X 925d MMC'X X X XWestAfricanManatee X. 2X X X X XWest ndian Manatee X X X 
X X X XK, X ''V: 

Florida: ' " X X "X X X xX > 1000 X FAO ,X K ,. K. . X "X. " XSeaitter , K 112.000-132,000 K FAD K X XX K X XSouthernSeaOter X K X X K KSeals and Sea Lions 
X K 

A- Caribbeannmonk se.; K near extinction X FAD K K K X 2 XKmonk sealHawai lan 500-1,5 0 K N MFSMediterraneanmnk sal K K K , X K ' , 500-800' K FAD ,X X K K"South American fur seat X X320,000 K FADCa Australian fursal 8NO 
X K X X' K X 18,910 ~A 

,tnca ' , 1,164,000 850,000 73K~1~, Australia X KX 20.000 XNowZealand fur seal X K X KK K X FAD X KNew Zealand X38,000 K K 
K 
X 

X 
K K

'i~', Australia K XK X, K K K K -K few thousand KX' Antarcticfurseal X K K K X .- KX "X 363,000 KSubantarcic fur seal . 23,400-120,000 X 'AFAD , K K

'Galapagos fur seal , K ,0-500 FAD K X K K K X Y
'Juan Fernandez fur seal, several million 705-750 K NMFS 1I' KGudlp furrheetphnsea K 4d"*X*t' Gu ,Northerdepurseal 200,000 X4! 160 el X1 NMFSFAD K K X K XX ~X~"?'Scuthern elephant seal K 60q A ~ ' , ' ' X" 

#',~~ 
4 
'l'iy, ldResouces 191371 ,I 

328 ~ 1 '2-' 

.,11,

i 
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j Table 24.2' 

'Original 
Abundance 

(P *commiercial 
.Species (stocks) exploitation) 

NONTHREATENED SPECIES 

Curoen 
Current 

Percents ea , 
of Dn.tla : Total Reported World Catch (numberof animals), 

DeantgSore1229 93.3(nmeo'lal)
Remaining Source 1920-29 1930-39 1940-49 1950-59 1960-69 1970-79 1980-851 

10.~K~ 'i '~ V A . ~~~ 

Data'
Source 

S 

Small Whales 
inko whale 
Southern Hemisphiere
Barents Sea 
KoreanStock 

Pygmy Right whale 
Of des wi-ale 
Killer whale 
AntarcticaFale kiliswha~e 

Lon.:-inned pilot whale 
SJbortfinredpilot whale 
White whale 
Narwhal . 

Canadian Eastern Arctic 
and Inglefield Bay 

PygmySpermnwhale
Dwar Sperm whale 
Baird's beaked whale 

Northwest Pacific 
Arnoux's beaked whale 
Longman's beaked whale 
Blainville's beaked whale 
Gervaiss.beaked whale 
Strap-toothed whale 
He.or's beaked whale 
Gray's beaked whale 
Stejreger's beaked wale 
Andrew's beaked whale 
True's beaked whae 
Ginko-toolhed beaked whale 
Hubb'sbeakedwhale , •X 
Cuvier's beaked whale 
IncdoPa ilic beaked whale
Skews'beaked whale 
Wonderful beaked whale 
Gulf Slieambeaked whale 
Archbeaked whale . 
Japanesobeaked wiale. 
Scamperdown beaked whale 
Bering Sea beaked whale 
Southern bottlenosewhale 
Melon-headed whale . . 

X 
x 
x 
X 
x 
x 
X 
xxX 
X 
,.i 

)X 
X 
X 
X 
X 
x 
X 
X 

x 
x 
X 
X 
x 
X 
X 
xX. 
X 
X 

X 
X 
x 
x 
X 
X 
X 
x 
X 
x 
x:x 

X 
580,000 

60.000 90x000 
14000 

X 
X 
X 

160 000, X 
X 

X 
62,000-88,000 

29,000 
X 
X 
x 

4,220 
X 
X 
X 
X 
X 
X 
X 
X 

x 
x 
X 
X 
X x 
X 
x 
X 
X 
X 
X 
x 
x,-

X 
x 

x 
X 
X 
X 
Xx'X 
X 
X 
X 
X 
X 
X 
X 
X 
X -
X 
X 
X 
X 
X 
X 
X 
X 
X 

x 
X 

X 
X x 
x 
X 
x 
X 
X 
x 
X 

FAO 

. 

FAO 

FAO 

IWC 

X 

IWC 
'x 

' , 

x 

X 
X 
.X 
X 
X 
X 
X 

xX 
X 

x 
X 
x 
X 
X 
x 
X 
X 
X 
x 
X 
X 

,X 
X x 

X 
X 
x 
x 
X 
x 
X 

X 

31 

X 
x 
X 
X 

X 
x 
X 

)( 
6 

X 
X 
X 
X 
X 
x 
X 
X 
X 

x 
X 

1 x 
X 
X. 
x 
X 
X 
x 
X 

X 
X 

15 

X 
31 
x 
x 
x 
X 
xX 

X 

26 

X 
X 
x 
X 
X 
x 
X 
X 
X 

X 
X 
X 

x 
X 
X 
x 
X 
X 
x 
X 

26,126 

X 
1,13? 
X 
x 
x 

3,971 

X 
X 

1,223 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
) 
X 

X x 
X 
X 
x 
X 
X 

x 
X 

35,841 
xx 

X 
2,082 
..,X 
36.205 

X 
10,001 
1,511, 

x 

1,502 

x 
X 
X 
X 
X 
X 
X 
X 
X 

. x 
. X 

X 
X 

X x 
*,X 

X 
x 
X 
x 
X 
X 
X 

90,094 

9,281
1,067 
:X 

10,885 
X 

16,605 
4,874 

x 
X 

548 

X 
X 
x 
X 
X 
X 
X 
X 
X 
x 
X 
X 
x 
X 
x 
x 

" X 
x 
X 
X 

. X 
X 
X 

59,753 IWS 
x 

895 W 
1,195 WC 
i756 !IWC 
13,666 IWC 
2,965 -WC 
9,227 IWS 
4,623 IS 

x 
X 

244 IWS 

X 
X 
X 
X 
X 
x 
X 
X 
x 
X 
x 
X 

x 
x 
X 
x 
X 
X 
X 
X 

140 IWC 

, 

'' 

':-;'Rough-toolhed dlhin-

Tucuxi 
Indo-Pacific humpbackeddolphin 
Atlantichumpbackeddolphin
Irrawaddydolphin -
White-beakeddolphin 
Atlantic whitesided dolphin

Northwest Atlantic . 
Pacific white-sided dolphin 

Northwest Pacifio . 
Duskydolphin. 
Hourglassdolphin 
Peale'sdolphin : 
Fraser'sdolphin 

Southeast Pacific 
Rissi's'dolphin

Northwest Atlantic 
Bottlenosedolphin 

Northwest Atlantic
Sninnerdolohln 

I EatrnPcific 

Easteraciflc .X 
V aSpotteddolphin

Eastern PaC.'c 
Oymene dolin 
Commo dlinx 

Northwest Pacific 
Northwest Atlantic 

Souther whale dolphin
' 4QNo~hern right whale dolphn

Heaviside'sdolpin
Black dolphin

iHector'sdolphin 
.. ormersons ddphin

'Da', pofpos 
porpoiseo 

<Burmeistersporpoise .x
ISpotcled porpose. 

=1 .~ 

, 

' X 

x 
X 
X 

. X 
X 
XX 
x 
X 
X 
X 
X 

x 
x 
x 
X 
X 
x 
X 

. 'x 

X 
x 
X 

x 
x3 
x 
x 
x 
x 
X 
x 

xX 

x 

4 

x 

x x 
X 

X X 
x-' x 
X, 

X 
24,000 . X 

x X 
30,000.O0,0.. X 

XX 
X X 

x x 
7,800 x 
' x x 

10,000 X 
X X 

14.000.23.000 x 
x X 

900,000 x 
2,300,000 X 

X X 
2,200,000 ' 

"X 
X X 
x x 

900,000 x 
1 Go x 

x X 
x C 
x .< 
x x 
X ,x 
x X

920,000 X 
x X 

XoMs 

X 

NMFS 

NMFS 

X 

NMFS 

NMFS 

NMFS 

NMFS 
NMFS 
NMFS 

NMFS 

NMFS 

,"X"~x 

x 

xX -'X 

x x 
X X 
X X 
X X 
x X 
X X 

X x 

X 
X X 
x x 

x x 

x x 

X X 
: 

x -
X 

X x-

x x 
x x 

;rghtx 
x x 
x X 

xX 
x x 

x 
x x 

" 
-

"4HarbourX x 

x x 
x 

X Xi x 

x .x 
X x 

X X 
X - X 
X X 
X X 

X X 

x x 
X X 

X x 
x x 

x x 

X X 

x X 

X X 

X X 
X X 

X"' x 
X x
) x 
X x 
x x 
"x x 

X X 
X 

X Xx 

x 
X 
x 
x 
X 
x 

X 

x 
x 
x 

x 

x 

X 

X, 

x 
X . 

X 
x
X 
x 
x 
x 
x 

x 
X 

x 
I: : 

':,x 

X 7 WC 
X 10 IWC 
x x 
x X -
X X 
x 23 IWC 

-X 5,293 IWC 

x 17 IWC 
X x 
X, 1 IWC 
.xX 2 IWO 

x 1,171 IWO 

x 3,889 IWOC 

X 58,018 IWC 

-X 119,087 IWO 

x x 
X 29,098 IWO 

X " ,X 
x 48 IWCi 
x x
X 1,400 IWO. 
x 4 IWO' 
x x 
X 82,937 IW 
X 12,892I 

x~ x ~ ,4 

X 38 IW O'A 

,, 

4.4'44.'Worl pe ure 1987 4~~l ,4i 

14 iv, c-i 
,4~ .,.4 ''~- '44 4*,. 4> .4 4 4 4 
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Tab e,.. -Mammals 1920-85, (continued)I 
-4-;..<... . .. ...: ... 
 i!~~i]P 
 . .
 

Original 	 Percentage
,Abundrince' of initial 

pecie (st.cks (pre-commercal Stock' Data Total Reported World Catch (number of animails) Dat 
) Current Source~920-29exptoiation) 	 Remaining 1930-39 1940-49 1950-59 1960-69 1970-/9 1980-85' SourceNONTHflEATPNED SPECIES 	 , < ~"' ~ *',, 

~Seals and Sea Lions
 
Caelefrni sea lon- X 23000M1 . X FAQ X X X
CalforniaXsea 	 X X X 8.403 PAOSouthAmerican sea on 	 X 177,000 NX NMFS X X x Xlion 

'X 273000 X NMFS X X X 	 X 
X 

XAustraliansea lion 	 X X'XX 3000.5,000 X AFAO
Hooker's sea lion 	 ( X X X X XX XX. 2X 3,0 ) X FAQ X X" X X X X X XNorthernfurseal 
 X 1,155000 NMFS 	 252,7240Walrus .. 	 5331379 669,328 724.0749 597,396g 289,6620 162,7419 BuschX 160,000 X FAQ X X X X XHarboarseal 	 X X X,X 400:000 X PAO X' X X 

:	
X X X, 91 FA"L"
Largha seal],0,OqOoooRig~seal "X: 	 335,000450,000 X FQXA FS X XNMCin,0seal 	 X 00,000-7,000 0 X FAQ 
X X r 996 FAQ 

Baikbl 	 X X 
X X X X X' X X9seal 50,000-650,000 FAO 	 FX X X X X - XCaRidn seal 	 X 500-,u,000 X FAOQ X X X X 4 IHarded seal 	 ) 0'A X X X X
 

X raaee5000,000 X FAO X X X X
rd seal X 	 X X x xGReyoseal ,, 3,000OD220,000 1,4,5XX 	 42,1,59 FAQc.X 	 1,5O XX FAQNFQ 1 51i2X 73,1X X.8X 3,39,666 1,9,71Hooded seal 	 X 500,000-600.000 FAO 
X X 4, P 

Cabeater seal '"1 	 X X X 1 FAGreyseal 	
X X X XX . 0 00 X A X 	 , .X "4,598 A130,000 FAQ X 	 _1;:X X X X102711 

X 0s0160,000 FAO XX
Ros sa! 	 20,00 X FA XXLe op rse al 	 X 500 000 X FAO XX :XX ... X XX XX XX. X I:x' X X.Weddell seal 	 X 75X0 X

A 	 X X
X X
Walrus X 160.000 X FAO X X v ;X "' -

Atlantic X 20,000 X
 

,Pacific 
 X 140,000 X
 
Sources: NMFS U.S. National Marine Fisties Service: 
 WS - Bureau o International Whaling Stati§tics; FAO = U.N Food and Agriculture Organization;IWC International.. Whaling Co'mission MMC 	 - U.S. Marine Minmal Commission Busch - The War agains the Seals (1985)
Notes: 
a. 1980-85 for great whales, small cetaceans and Northern fur seals; 198084 for other species.

b.,Catches by aboriginal whaling.
 
c. Catch data for dolphins and porpoises include reported incidental catch: figures shown are incomplete for several species.d. Refers to incidental take within the United States bictween 1977 and 1985. e, 1973-79.. 
I. 196569: g Northern lurseal catch data are forthe Prbilcf Islands only 1980D84 data supplied by FAO. .h Drta for 1920-54 are for Newfoundland irly 	 data fo 1955.84 are for Canada and Norway,I.Data for 1971-84 are rounded offto the nearest thousand; they exclude native catches.
 
0 = zero X .not available. . ... .. .

For additional information, see Sources and Technical Notes. 

Table 24.3 Marine Fish Catch, 1970-84 - . . 

Sustindblej (h0end 8 ;'":I 	 'Average 'Annual Marine Fish Catchb: mt 	 .. r (thousand metric tons) ; :' :*,.

Ocean/Region tons peryear) 1970-71 1972-73r, - 1974-75 - 1976-77'  -1978-79 1980-81','.- 1982-83 1984' ,
WORLD. . - .62,250-90,950;, 54,158 ,>' 50.923 53,793 , 56,238 r 55,106 5647 .t- 6;(12,'690 iI 
Atlantic Ocean ,' 25,500-33,400 20414 21.634 22.043'-' 22,584 - 21,096 20,590 -20017 19.4134Northwest , 3,400-4,300 3,599 3,695 	 - " ' 

1,920 1 'Ntest entr 	 3.128 2,381 '1,907 . 1,924. :'. 1,84910,100-12,300 9,94 10,106 11,136 12,179 '10997 ,'10,902 10030 .. -10,321 

Eastern Central - 3,200-5,100 1,083 1.023 1,112 1,020 - 1,370 - 1,294 1,585- .,66136Centra 
 2,astern2,900-3,700 2,688 3,045 
-

3,280 
-' 

' Southwest 2,600-3,900 820 . 753 3,472 2,749 3,100 2,874 2,363
'1,289'.Southeast 2,500-3,100 	 763 -842 '1,196 1,135 - 1,184~2,430 3,012 - 2,623' - 2,690 	 -

hacifcP Qcean .' 3,006,1005 303 27,812 	
2,864 2,252 2316 '' 2,131Z5 	 -25542 - 29,065 : 29,544 31,145 33,1C'l 7,744Northwest' 	 13,500-16,500 11,158 14040 15,430 ' 	 16,200,, - 15,229 15,C52 17.267 19,983Northeast '' 2,600-3.200, - 2,070 -1,958 .1,970 1,644 * 1,416 1,5b%,Esen' eta 	 , 1,791 2,192Western Central 5,800-78002,00-3 	005 3.559 4,192 - 4,413 -4671 4.604 64644SEast Centra 2,200-3 000 	 ,9 5,254 

Sotws 	
, 749 959 1 045 - 1,507 ' -. -' 1,970 2,387 1,759 1,9391,200-2.000 .162' '241' 'Southeast 	 3,700-130,300 12724" -', 

' 4152 246 '356' 273 288 307 , 313k. 4,708 4,687 :6,0546' : 6369 6,943 6,063'Mediterranean & Black Seas - 1090-1.410 863 913 , ' 14 - ,' 1;1;194 , ,451 1,528 ' 1,6585Indian Ocean ' - 4,700-7,100 '2,A38 2,770 2,7C 3,023 ; 3,033
'West.: 4 
- ' . ' '2,700-4,200 .677 1,561 1,801 

3,113 3,271 3,671
 
"' 11189 1789 1,772 1844 ,168Eastn ' 1500-2.200 761 	 2 

X 
1:209 ' 982" 1 133 1,245 1,341 1,426Antarctic Ocean 

'1 	
4503 1X 64 65 113 239 118 133161

~Source: U.N, Food and Agriculture Qrganlzabon 
a..Estmatedsustainableid 	 '"<datafor oceanic riagic species (about 35 percent of total potential are unavailable 	 "estimated sus

,tamable yIds These species 'are Included n yield estimates foioceans
 
i catch excludes crustaceans, molluscs, marine mammals, and marne 
plants.

Y=not available. 	 S"'additional Information see Sources2and TechIical Notes, .' 
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Table 24.4 Accidental Oil Spills, 1973-86 
Number of Accidental Accidental Spills per Volume of Oil LostYear Tankers Afloat Oil Spills Thousand tankers (metric tons) 

973 3 750 36 ' 9,1,458971 3 928 :18 671151975 .1 140 ,5 
2 

1o9 188 0.12
1976 4 237 29 6 8 2012351977 4 229 
 19 11 6 21308019,18 4 37 
 35 85 264,18131979 3 945 65 165 723 533
1980 3 896 32 82 135 6351981 3 937 33 81 .152851982 3950 9 2 3 1 716 1983 3582 17 4 7 387 7731984 3,424 15 14 2.1 1841985 3 L85 9 2 7 7983019861 ", 19 1? 38 569.1 

Source: I ,rnkt Aovw,;or C nrtf
 
Note: 1 1986 d.,i ¢'er. 0l P( I I )q If, rI(s()f (If V 'JI
' 11;It1l , I ve fd4 S:, rTr ye'v

[-,)r , ) I forrf'lt xt~ir' I (
itOfJ{ 11 "o"} q ,r T"(t'e "4 rlo'n 

Sources and Technical Notes 

Table 24.1 Coastal Areas and lieMediterranean and Blck Seas. Sharja, activities theare excluded. Figures are

Resources, 1974-86 oit, ofthe I Inited Arab Emirates (IAl), national totals averaged over it twi-year


claiis a territorial sea limit of 12 nautical 
 period; Itheyinclude fishcaughlhy a country's
Sources: Le.ngth of iarine coastline: U.S miles; the limit for tli,other mieinbers of the Ileet anywhere ill the world.
 
Central Intelligence Agency, liorhl'bc UAt" is three iies.
i it-
 'hles 2.1.1and 2.1.3 present data oilninHi
book 1986 (U.S. Governelt Printing )flice, An Ext'lusive l'.lnic (F' may be nalcatch, which is defined as gross removal
Zone fl/,) 
Wiashinglon, I).C., 1986). Sovereign and juris- established 1 a 210 nauticalby nation out to (hotallive weight of fish caught or killed dur
dictionalclaimis Iomaritime zones: OfIfice 
 of ihiies to clainall the resouries wililli th' ing f[sfing olperalions) minus ire-catch losses
the Special Representative of tihe Secrt-tary zolie.including fish and all other living (total weight olf that ire not caughtlive fish 
General for the [;I,,o the Sea, liu, of the resources, minerals, energy from wind, waves, hut that die in fishing operations), minus dis-
Sea Bulletin, No. 2 (March 1985); and unpuh- and tides, etc. Nations may also clain rights carded catch hoth live and dead (undersized,
lished data (United Nations, New York, Ioregulate scientific exploration, protect the unsalable, or otherwise undesirable whole fish 
November 1986). Fish catcn: United Nations marine environment, and establish marine ter- discarded at tile time of capture or shortly
Food and Agriculture Organization (FAt)), Initials and artificial islands. afterwards), minus utilization and losses prior

}earbook of Fisher' and
Statistics 197'. 1.982 Continental shelf claims include tileexclu- to landing (consumption by crew, use for bait, 
198.1 (FAO, Rome, 1980, 19814,and 19,86). siveright to explore forand exploit all spoilage, handling losses), minus unrecorded, 
The Office of the Special Representative of mineral resurces, and benthitores, energy rejected, or dumped landings (unrecorded
 

the U.N. Secretary General for the law of the plants and alinimals or beneath dumlping at sea, black market landings,
found o the 

Sea compiles information concerning coastal shelf.
Claims are based 111the distance from unrecorded quantities landed for home con
claims from: the U.N. l'Agislative Series, official 200 nautical miles) and ol
the shreline (e.g., Sllliptioll, etc.), minus losses from dressing,

gazettes, comnu'nications to tie Secretary the ouiter limit of the continental margin as 
 handling, and processing (dumped viscera,

General, legal journals, and other publications. defined in the 1982 Convention. [Limits usually heads, and other parts, loss of fluids), plus

National claims tomaritine zones fall into referto tile farthest distance. For Chile, a 351 gains prior to landing (gain of fluid content,

five categories: territorial contiguous mile continental shelf limit applies to Sala y
sea, addition of liquids or solids during shipboard 
zone, exclusive economic zone, fishery zone, oiimez anidl:aster Island; 200 nlilt, is the processing). 
and continental shelf. Territorial sea, exc usive limitfor the rest lifthe country. 
econonnic zone, and continental shelf claims International fishery data are continually Table 24.2 Marine Mammals, 
are shown in 'lhble 24.!. (Ouily those countries revised. The latest }i'arbook/of Fi.sherv S'latts- 1920-85 
with marine coastlines are included inthe tics (1984) contains FA)'s most accurate and 
tihle.) up-to-date figures. Sources: [5)pulatin estimates: U.S. National

Relevant legislation, decrees, and trcaty Data are provided ti the FA) Fisheries Marine Fisheries Service (NMFS), Marine Fish
comuilments for 137 of tha 1,lcoastal cnun- I)tpartlieit l)hyinatiiial fisher' ifices and cries Review, Vol. 46, No. 4 (NMFS, Seattle,
tries are excerpted in the Liu of the .Sea regional commissions. Som countries' data Washington, 19814); United Nations Food and 
Bulletin. As coastal countries seek tnsecure are only provi ional for the latest year; for Agriculture Organization (FAO), Workm Review 
their claims to maritime resources under the other co,iitries, no data are available. If n1 of Interactions between Marine Maninals 
Ilw ofthe Sea Conventioi (notyet in force), new data art' submitted, FAO uset the prev, and Fisheries (FAO, Rome, 19184); FAO, Mam
the list is revised accordingly. or makes estimiatesous year's figures based rals ii the Seas, Vols I-IV (FAO, Rome, 1978,

'lIrritorial sea conlonly refers to ainadja- 0i1 other iiifo rmation. 1979, 1981, and 1982); International Whaling 
cent zone of water, seabed and subsoil, and Years refer tocalendar years except for Commission (IWC), Report of the International 
airspace over which a nation claims sover- Aitarctic fisheries (ata, which are for split Whaling Conmission, Vols. 30-36 (IWC, Cam
eignty. The nation's to enforce laws vears (July 1-.luie 30).IData lorAntarctic fish- bridge, United Kingdom, 1990-861; and U.S.right its 
aiid regulations is qualified only hy the right eries are given forthe calendar year in which National Oceanic and Atmospheric Adminis
of innocent passage lfforeign ships. Nations tilesplit year ends. tratilon, Annual Report 198,1/84: Marine 
may also claini (ertaii jurisdictional Catch data shown iii refer torights iii 'lhle 24.1 M mmal Protection Act of 1972 (U.S. Depart
a contiguous zone beyond tihe territorial sea marine fish killed, caught, trapped, co,;ected, ment of Commerce, Washington, D.C., 1985).
out to 24 nautical miles; these rights usually bred, or cultivated forcommercial, industrial, Cat h dhat-i: Bureau of International Whaling
pertain to customs, taxation, immigration, and and subsistence use. Crustaceans, molluscs, Statistics, Inlernational Whaling Statistics 
salnitation. and miscellaneous aquatic aniials are 1964!, 1966i, 1974, and 1984 (Bureau of Inter-

Iurkey claims six nautical miles of territorial include( in "fish catch" in Table 24.1, but not national Whaling Statistics, Oslo, Norway, 
sea in the Aegean and 12 nautical miles iii inTable 24.3. Quatities taken inrecreational 1964, 1966, 1974, and 1984); William E. 

W,,r,, R5 l,,,:'s 1,907 
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Schevill, The Wh7rale Problem: A Status 
Report (Harvard University Press, Carlbridge, 
Mas.achusetts, 1974; lAt), )i'urbook of Fish. 
en'-Statistics 1983 and /89'.!(I'M, R).me, 
1985 and 1986); Edward Mitchell, irpoise, 
Dolphin, and Snrnill Vil, Fisheries of Ilie 
Blbrld (International Union for Conservation 

of Nature and Natural Rtcsources (ILUCN), 
Morges, Switzerland, 1175); Marine Marinial 
C(ommission (MMC), Annual Report of the 
Mare Marnirol Commission (NMC, 
Washington, D.C., 19861); Robert L. Brownell. 
eItal., Preliminar' Report on IorlM ( tch's 
of Marine .4anrnrals1966-75 (MMC, 
Washingto n, I).C., 1978); Briton Cooper IBush, 
"T WInr Against tli' Seals (McGill-Queenis 
University Press, Montreal, 1985); NMt.5, 
Marine "isheri'sRivii'n, \I. ,16, No. 4 
(NM[.S, Seattle, Washington, 19841); and IWC, 
Report ,f fit' International I,Maling (otmis-
sion, Vils. 30-316; (IWC, Cambridge, United 
Kingdom, 1984-86). 

Marine mamnmnal population estimates were 
compiled by NMIFS and F-At)after extensive 
literature rev;ews. l-stiniates were derived from 
mathenatical noidels based iluaerial, ship-
board, and land-based censuses of aninals 
a oin informatin oi their range mid p i)Li-
lation density in a given area as well as oi 
their breeding and iiigratory habits, The 
regions listed for some species reler to geo-
Vraphically isolated breeding stocks of the 
species. Not all stocks for each species are 
listed. 'omn disagreement exists amiong scien-
tists as to stock designations and boundaries. 
Ilipulation estimates for most species of small 
cetaceans (whales andI porpoises) antd sirenians 
(mnanatees arid dugongs) have not been made. 

NMFNU"original abundance" of species esti-
mates refer to population size before cominer-
cial exploitation. Whaling records and histori-
cal population estimates, together with 
assumed natural increase and survival rates, 
are used to derive a range of estimates of 
original abundance. These estimates are then 
run through computer models using varying 
levels of aboriginal hunting antd carrying 
capacity to estimate the original abundance 
most compatible with modern census data. 
The data vary in quality: estimates of original 
ablundance are considered less reliable for 
humpback and sperii whales than for other 
great whales. 

The populatiiins of several species of small 
cetaceans, pinnipeds, and sirenians have 
dieclined because of incilental take by fisher-
ies, hooting, or other human activity. For 
most of these species, original abundance has 

iot been estimated. 
atch data on large cetaceans have beei 

collected by the Bureaul for Iternational 
Whaling Statistics since 1929. Pre-]929 data 
were obtained by the Bureau from interna-
tioinal records kept l)y tie Norwegian Whalers 
Associatioi. Global whale catch data for 
1910-201 are being compiled by the Bureau; 
earlier data are not available Since 1929, 
whale catch data have been collected through 
questionnaires seit out wiDt each whaliig 
expedition and froInmofficial national records, 
Years refer to calendar years except for Ait-
irctic whaling, which are for split years (July 
]-.June :10). Catch data for Antarctic whaling 
grounds are included in tie calendar year in 
which the split year ends. 

Figures shown for harvests of whales and 
seals are those reported to the Biureau, FAO, 
and the IWC. C-tch data include only whales 
and seals taken; they exclude anuimals struck 
and Iost or caught by fishing ioperations and 
gear. Data for dollphins and porpoises include 
reprted direct and incidental take. Catchldata 
for these species are often incomplete; may 
countries either dIo not report, or they report 
only fir certain regioens. For small cetaceans, 
countries iften report it range of estimates; 
figures shown are tie inean. 

The threatened species list wts compiled
from the U.S. Endangered Species List, the 
atpendices to tie Convention o Ilternational 
Trade in Endangered Species, and the species 
classified as "endangered:' "rare ' or "vulnera-
ble" by IUCN. (For a description of these cate-
gories, see the Technical Note to Table 21.1, 
in Chapter 21, "Wildlife and Habitatl) 

Table 24.3 Marine Fish Catch,
1970-84 

Sources: Marine fish catch: United Nations 
Food and Agriculture (Organization (FAO(), 
)K'rhool?of 'ishery Statistics 1976, 1978, 
19S-1 and 1981 (FAO, Rome, 1977, 1979, 1984, 
and 1986). Estimated fishery potential: M.A. 
Robinson, 7ends and Prospects in WorlM/ 
Fisheries (FA(), Fisheries Department, Rome, 

1984). 
FAt) divides the world's oeeans into 18 dis

tinct marine fisheries. Data for three of these 
areas, tie Atlantic Antarctic, the I'acific Ant
arctic, and the Indian Ocean Antarctic, have 
been aggregated into ani Antarctic total. 

Marine fish catch excludes fresiiwater and 
diadronlOts fishes caught in marine areas, 
crustaceans, imolluscs, inarine inaninials, and 
marine plants. Global data are therefore not 
comparable to those in 'Fihl,- 24.1, v,hich 
include these categorit..: of inarine organisms. 
Refer to the Technical Note for 'Bible 24.1 for 
the definition of nominal fish catch and addi
tirmal information un FA()'s fishery data base. 

I)ata on estimated sustainable yield are esti
imates made by FAO of the biolgically reafiz
able potei'ial of narine fisheries. These esti
niates re!ei to the maximum harvest that call 
be susta; wcd by a fishery without depleting 
tie resource. given average environmental 
cinditiins. An assuned level of incidental 
take (catching one species while fishing for 
another) is subtracted frni estinmates ot ioten
tial. The figures also exclude the ixtential 
harvest from culturing marine fish. Estimates 
of iceanic pelagic species (about 3-5 percent 
of the total marine iotential) are unmvailabrle 
at the regional level ani are therefoure 
excluded. They art' included in estimates of
 
occainic potential.
 

Table 24.4 Accidental Oil Spills,
1973-86 

Source: Unpublished data (Fanker Advisory 
Center, New York, October 19186). 

The T-anker Advisory Center compiles oil 
spill accident data from lists of insurance 
claims and other known accidents maintained 
by Lloyd's of London and Liverpool Under
writers. Data for the number of tankers afloat 
are taken from Taniker Register, maintained by 
fl. Clarkson and Co., London. 

For 1973-82, data refer to tankers of at 
least 6,0(10 metric tons deadweight and for 
1983-86, to tankers of at least 10,000 metric 
tons deadweight. Vessels carrying liquefied ga,; 
are not included. 

Spills refer to oil lust during accidents. Oil 
lost during cleaning and ballasting operations 
is not included. 
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25. Atmosphere and Climate
 
The tables and figures in this chapter illustrate the extent 
to which human activities are changing the chemical 
composition of the atmos'here. 

Atmospheric ozone shields the earth against solar 
radiation in the ultraviolet-B wavelength range. Exposure 
to this radiation can cause skin cancer in some in-
dividuals and may damage the human immune system. It 
may also have deleterious impacts on crops and marine 
organisms. The ozone concentration is highest in the 
stratosphere (upper atmosphere), where it is constantly 
created and destroyed in a complex series of chemical 
reactions. Increasing stratospheric concentrations of 
several "environmentally important trace gases" may 
disturb this equilibrium, causing a depletion of the ozone 
layer. (See Thbles 25.1 and 25.2 and Figures 25.1 and 
25.2.) These increased concentrations are the result of 
both human activities and natural processes. Nitrous ox-
ide, for example, is naturally emitted by soils, but, with 
the use of chemical fertilizers, emissions have recently in-
creased, 

Many atmospheric gases have "greenhouse" properties:
they are transparent to incoming solar radiation and ab-
sorb and reemit the longer-wavelength radiation emitted 
from the earth's surf:,ce. By trapping heat in this manner, 
greenhouse gases cause the lower part of the earth's at-
mosphere (the troposphere) to warm. However, increasing 
concentrations of these gases may alter atmospheric 
heating rates, resulting in gical warming and other 
climatic disturbances 

Until recently, stratospheric ozone depletion and 
climate modification were treated as separate issues. 
However, many gases participate in both phenomena, 
and the phenomena themselves interact. For example, 
methane, the second most important greenhouse gas, 
reduces ozonr. depletion in the troposphere and lower 
stratosphere (where ozone itself is a greenhouse gas) and 
enhances the formation of carbon dioxide and water 
vapor in the stratosphere, increasing the greenhouse ef-
fect. CFCs deplete the stratospheric ozone layer and also 
have a greenhouse impact. Because ozone plays an im-
portant part in the atmospheric radiation and 
temperature regimes, any vertical redistribution of ozone 
(caused by stratospheric depletion and tropospheric 
enhancement) would have climate impacts even if the 
"total column" concentration did not change. 

On balance, the net effects of these environmentally 
important trace gases on ozone depletion and global 

warming are unlikely to be environmentally benign. Ad
ditionally, any effects are likely to vary with altitude and 
latitude. 

The ozone monitoring record is brief apd of variable 
quality. To date, there has been no significant global 
depletion of ozone, although substantial regional trends 
(e.g., the Antarctic ozone "hole") have been documented. 
Although long-term data show a noticeable trend toward 
increasing global temperature over the past century, this 
change has not been proven to be statistically significant. 

The acidity of precipitation in North America and 
Europe is illustrated in Figures 25.3 and 25.4. These 
maos are useful for showing the distribution of acid 
de'osition in industrialized regions, but only recently 
have monitoring efforts been expanded enough to allow 
charting of acidity trends. The United States, for example, 
did not develop a nationai acid deposition monitoring 
program until 1978. With an initial 22 monitoring Fta
tions, this national network (which is supplemented by 
several networks operated by subnational and pivate 
organizations) grew rapidly, reaching 195 monitoring sta.. 
tions by the end of 1985. European monitoring efforts 
began in the 1950s, but monitoring methods and opera
tions were revised in the mid-1970s, reducing confidence 
in long-term tread data. Neither North American nor 
European data reflect dry deposition of acidifying com
pounds, a potentially important factc in acidification of 
the environment. 

The impact of acid deposition depends on the quantity, 
timing, and acidity of precipitation; the chemical balance 
of soils, vegetation, and natural waters; the susceptibility 
of vegetation, animals, and structures to a more acidified 
environment; and the incidence cf other stresses. Acid 
deposition has been linked to impoverishment of aquatic 
ecosystems, and it may be a factor in the forest death af
fecting Europc and North America. (See Chapter 10, "At
mosphere and Climate.") 

Indoor air pollution can be more dangercus to human 
health than is outdoor air pollution. Pollutant concentra
tions are often higher indoors, where many people spend 
most of their time. (See 'able 25.3.) Biomass fuel com
bustion (the primary heating and cooking method for 
half the world's households) emits several pollutants 
known to have short- and long-term effects on human 
health. These pollutants may contribute to respiratory ill
nesses, the leading cause of death in developing 
countries. 
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Table 25.1 	Atmospheric Concentrations of Environmentally 
Important Trace Gases, 1959-86 

(psr,, per .... (parts per trillion)million) CC13F CCI 2 F2 (parts per billion)
CO 2 Ca 4 CH3 CCI3 (CFC-11) (CFC-12)19593 316'!' 	 N20 CH,

X' 3' 
 X X X
 
"' 	 x9,20 X 
 x X X 
 X
 

X X 3x196;2 38 6' 	 x xX X 'x.'9C63 3 1 	 x19641 31!9 	 X'
3'X X 	 'XX' 	 X"AAAGxxxx 	 3'X. .. XX ... . . .. 
x


1965 301 X X 
 X X X X966 3j3i 	 ' '2 '2 3'96' 31 	 3' 31963' 3223 X X'3'X ' 	 X XX' 	 3X X3 X219o'3321 	 XX2 
 X X .X X' X
 

,73. 325 5 X 
 X X 
 X X X
;36 5 x 
 X X 
 X 
 X X,
17 327 7 X X X 3 X X
3298 3X X 
 X X X X
3301 
 X X .X X X X 
197 331 0 104 70 120 200976 332 1 291 4 1,525106 217 2933 1555

78 133
197 3336 115 86 
 148 239
!978 335 : 	 2946 1.573123 
 94 159 266
1979 3366 	 2964 1,596
116 112 
 167 283 
 296 3 1.619
 
i980 33:t 121 126 
 179 307 
 2976 1,639
1981 3J3 5 122 127 185 
0337 340 7 	

3,5 2985 1.656121 133 193 
 330 301 0
IJ83 	 1('71
3,12 126 144 
 205 30
1981, 	 3009 1,663130 150 
 213 
 366 3004 Io89
94 3.d- '30 158 223 
 38.1 
 301 5 1,711

1986 34f,7' x X X 
 x X 
Sources: S(,r t:;wjonrC3,*.- q,, ri arl Sc3,V3cef0 s! w 
Note: a , A 0,. '1 Or'rlq,er data
 
X nor!ilhit~
 

Figure 25.1 	 Trends in Atmospheric Concentrations of 
Environmentally Important Trace Gases, 1975-85 
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Table 25.2, Annual Emissions of Environmentall 
yK 

Carbon Dioxide Carbon Dioxide,
Chlorofluoroc-rbon (million metric tons of carbon) (million metric tons of carbon)

Chorfuoocron -*Fossil(thousand metric tons) Fuel Chossilurocauon 
-.....
CF'"" "" Combstio (thousand metric Aons) :Combustion:-:Fosil Fuel 

. 

CCIF CCC2FF Botic and Industrial 
,' .Year (CFC.11) (CFC.12) . .Sources Processes. Year 

1925 0.0 00 886 X 1956
1926 0.0 0.0 " 942 X 1957 
1927 0.0 0 . 997 X 1958 
1928 0.0 0.0 1,045 X 1959 
1929 00 0.0 1,059 X 1960 

1930 1 0.0 0.0 1,073 X 1961 
1931 0.0 0.1 1,087 X 1962 
1932 0.0' . 0.1 1,101 X 1963 
1933 00 01 1,115 X 1964 
1934 0.0 0.2 1,135 X 1965 

1935 0.0 0.3 1,149 X 1966 
1936 00 0,5 1,163 X 1967 
1937 0.0 0.8 1,184 X 1968 
1938 01 12 1,131 X 19691939- 1 1.7 1,205 X 1970 

1940 0.1 2.3 1,218 X 1971 
1941 0 1 3.0 1,225 X 1972 
1942 0.1 3.7 1,239 X 1973
1943 0.2 4,5 1,253 X 1974 
1944 0,2 6.1 1.267 X 1975 

1945 0.3 8.0 1,288 X 1976 
1946 0.6 13.9 1,302 X 19771947 1.3 21.3 1,315 X 19781948 23 24.8 1,336 X 1979 
19493. 26.6 1,350 X 1980 

1950 5.5 29.5 1,454 1,639 1981 
.195176 32.4 1,516 1,776 1982

1952 11.0 33.7 1,565 1,803 19833
1953 15.0 37,9 1,620 1,848 1984 
1954 18,6 "'2.9 1,634 1,872 1985 
1955 23.0 ',48.2 1,641 2,050 . -

Sources: Chemical Manufacturers Association; Ecological Monographs; and University of New Orleans. 
Note: a. prelminar..
0 - zero or less than half the unit of measure; X = not availible. 
For additional information, see Sources and Technical Notes, 

CC13 F(CFC-11) 

28.7 
32.2 
30.2 
30.9 
40.5 

52.1 
654 
80.0 
95.0 

108.3 

121.3 
137,6 
1568 
181.9 
206.6 

226.9 
2 
292.4 
321.4 
310,9 

316.7 
303.9 
263.6 
263.7 
250.8 

248,2 
239.5 
252.8 
271.1 
280.8 

CC2 F2(CFC-12) 

" &:'I1 
638 
66.9 
74.8 
89.1 

99.7 
114.5 
133.9 
1555 
175.4 

195.0 
219.9 
246.5 
274.3 
299.9 

321,.8 
349.9 
387.3 
418.6 
404.1 

390.4 
371.2 
341.3 
337.5 
332.5 

340,7 
337.4 
343.3 
359,4 
368.4 

' 

. 

BRiotic
Sources 

158, 655 . 
1,662 " 
1,675 
1,682 
1,689 

1,696 
1,703 
1,703 
1,710 
1,772 

1,821 
1,869 
1,918 
1,925
1,863 

1 869 
1,855 
1,835 
1,835 
1 835 

1,835 
825 

1 
1,', 

F, , 

X 

' 

and Industrial
Processes 

' '2 185 : -
' 2,278 

2,339 
2,470 ': 
2,586 

2,602 
2,709 
2,855 
3,016 
3,154 

3,313 
3,420 
3,595 
3,808 
4,116 

4,267
4,435 
4,678 
4,684 
4,660 

4,924 
5,065
5,108
5,345 

5,255 

5,115 
5,079 
5,068
5,252 
5,400a 

(j 

" 

Figure 25.2 Annual Emissions of Environmentally 
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Figure 25.3 Acidity of North American Precipitation, 1984 
(p/-t units) 

,* 

484 


. 

, c, , I T- ' ""4 .4 
5.0
 

!.U N T F.;,, D " 4.2 

S T A E S'I ; 

Source: Palc Norlhw2, Latsirx,ryl
 
Fo r a l iol r l i otm a b o n v Pe .*Jw , a 1lT( tl ,,
 

336 



Atmosphere and Climate
 

Figure 25.4 Acidity of European Precipitation, 1978-82
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r4>AmosPphere arnd C11il' ate,~ 	 :~~'~ 

~ 1~~Table 15.3 indoor Air Pollutio'nin Developing C'utries,1968 86 
~Total- Benzo
Suspended alpha) Carbon 4 OtherNumber atPr 	 laeMeasremntsuraion mg/n 3 1yran; MonoxideMenauremeng 	 (mg/rn 3 or(mg 3) as noted)AR E-AMONITORING ,u 	 +n m / > , ?' ; : 	 -, k ,-. . :
 

Lagosr~ 98 X X X X Nitrogen dioxide: 17 
- - _... . .. 	 Sulfur dioxide: .Benzene: 86 ppmr• - ___..


Papua New Guinea
Western highlands 	 6Eastern highlands 	 All itight 0.36 X 13 Formaldehyde: 0.843 All night 0.14 X 36 	 Formaldehyde: 1.5 " Eastern hiphlands 6 Allnight 1.30 X X
 

Kenya.

Highlands 5 X 4.00 145 X 	 benza)anhraceny: 224 ng/m3 

Phen s:1.0 up'/rn
'Sea _ 	 Acetic acid: 4,6 pg m_ ,leve _ 3 X 0.80 "12 X 	 Benzo(a)anthracane: 20 ng/m3 

Guatemala 180 X
 
Poorly ventilated dwelling
We-ventilated dwelling 	 X X 30-58

X X 17.36 ____-___________India .. 
Urban households using: .Wood. 22 30 minutes 15.80 1,300 X Nitrogen dioxide; 0.31; sulfur dioxide: 0.16Cattle dungw 32 30 minutes 18.30 8,200 X Nitrogen dioxide: 0.14: sulfur dioxide: 0 24Dung and wowo 22 30 minutes 18.40 9,300 X Nitrogen dioxide: 0.32; sulfur dioxide: 0,25Wood charcoal 10. 30 minutes 5.50 X. Coal 	 X Nitrogen dioxide: 0.075; sulfur dioxide: 0.8314 30 minutes 24.90 4,200 X Nitrogen dioxide: 0.17; sulfur dioxide: 1.7 

Nejaooking simulation 44 15 minutes X X 460-690 ""Four villages 18 60.120 minutes 8.80 X 24.28Two villages _5_3 8__0-120 .	 80340minutes X Nitrogen dioxide: 006; formaldehyde: 0,2311
China
 

Rural households tLiing:

Wood 
Coal. 	 X X 2.60 590 X Sulfur dioxide: 0.05X X . 720 3,400 X Sulfur dioxide: 0.25

X .. 1,80 160 , X Sulfur dioxide: 0.48 
Smokeless coal 

(7-RSONAL MONITORING DURING COOKING 	 . ,.~.. 

India 
Four villages 	 4E5 45 minutes 6.80 3,900 XFur villages, 68 45 minutes 3.70 X X .
Two villages 190 50 minutes , 360 ' X 	

. 

X
 
Nepa I.
 

.ovillages .	 ' 60.i2,-e 49 ominutes, 2.00 . X X

Source: Biofuels and Development Program. East.West Center. Note: 
a. Seven-day means. For additional information, see Sources and Technical Notes.,

XC- not .avaitable: mg/in 3 _ milligrams per cubc ineter; ng/m3 


-nanograms per cubic meter; pg/rn 3 
=micrograms per cubic meter; ppm 	 parV. per million. 

Sources and Technical Notes 

Table 25.1 Atmospheric Concen. . presented here are from Mauna Loa,.:-data Oak Ridge, Tennessee, United States.trationsof Environmentally Im. Hawaii (19,531N, 155.58W). T'ends at Mauna . Details concerning data coflectiod, ILevsions,portant Trace Gases, 59-86 , Loa reflect global trends., although carbon . and analysis are coniAlned in CD. Keeling, etdnoxide concentrations' differ significantlySources: Carbon dioxide: C.D. Keeling (un- among monitoring sites 	 al., "Measurement of the Concentration ofat any given time. Carbon Dioxide at Mauna Loa Observatory
 
published data, Scripps Institution ,ofDecember Some annual meandata.For-detalsfigures were deriveditis pro ,W..Hawaii,"Clark,in ed,Carbon(OxfordDioxideUiv{erstyReL tew: rsNw,

Oceaograp~hy, La Jlolla, :Califorri - from-intepolte on 1982 
1986). Other gases: R.A. Rasmussen and . cedure, sce R.B Bacastow. e al., "Seasonal York, 1982).MA.K. Khalil, ~Atmospheric Trace Gases: Amplitude Increase in A i'slcd-CO2 Con-t	 U Other Gases: 3 V,/Trends and Distributions over he 12st centration at Mauna Loa, Hawal, 19'39-1982:' Carbon tetrachlonide (CC4) Isan in-Decade: ' Science, Vol, 232, pp. 1623-1624. Journal of GeophyslL'al Research, Vol, 90, p. termediate In the production of.CFC-l1 andThe trace gases listed in this table are en- 529ff (1985). .CFC-12. . (Refer to the Technical, NoteforIbble .vironmentallyimportant because they affect 	 Ann u3thal means disguise large daily and , 25.2.) A small.. iiount Isused In other....... 

in carbon dioxide concen- chemical and pharmaceutical applica~ns and
atmospheic ozone and/or contribute to the seasonal variations 
greenhouse effect. or fu'rth'er details concern- Forexamiple, at Barro i the, .:trations. 'Alaska, for grain fumigation. Compared with other,,,
Ing these process~es, refer to the chapter/ concentrations of carbon dioxide can fluctuate 
 gases, CCO4 makes a small contribution to the 'S Introduction,-

4by 15-20 parts per million (ppm) between greenhouse effect and to stratospheric ozone ,0Carbon dioxide, which now accounts fr Aprilland August and by several ppm ina 'depletion,' ,344/about 50 percentoftegreenhouse effect, is singleday The sea..onal variation iscausedemittedto the'atmosphere by natural and 	 Methyl chl..ro.form (CH3CCI 3) Isusedan. by photosynthetic plants using carbon during primarily as an industrial degreasing agentthropogenie processes: volcanic eruptions, the summer.nd releasing it in the winter and as a solvent for paints and adheslves. tsfossil and biomass fuel combustion," g'as flar-	 .Data, aA rvised for seveal years to correct contir1ibution to the greenhouse effcf nd toIng, cement production, forest clearing, soil fordrift iinstrument calibraton hardware stratospheric ozone depletion is alo small,disturbance, etc. For further'details on carbon changes, and pertu'rbations to "background", CFC-11 (CCI F)afd CFIC12 (Ca F) discuss~~ e a eed
 
~ or'hbe25. ~ -~usually 


dioxide foremlsslpns, refer to~ the Technical NoteNoe252i condilionsThe sum ofthese revisions Is.' 
'j 

ed in the iicchical Note for Talble R52, are 
Atmospheric•carbon dioxide concentrations 

minor. The mostrecent data may-be1~ 'potent' depletorsbfsrt ofoeobtained from the Carbon Dioxide Informa- Tgether they may contribute one-furth the'
are monitore d at mnany sites worldwide; the don Ceter, Oak RdeNational Laboratoly
.
4 ..... '....... 	 K greenhouseI'mpact' of carbon dioxide.... 
 , pt-n.i L
 
V.lftoso wceus"1957-.44 

3 3 64.44 . 4j, 
4

. 

http:1957-.44
http:summer.nd


N',trou oxide (N,()) is euilied ioth h 
;(wiic clecifiiioonif of ir;acIl( Ililitt'r in 
(iils aitni soilsby Iatitria and In'iillitills-
1,1(if fossil its aind hiilm~nis and(flu,.Iwiod 

'iar,.dtirests) Ni ) is an lmltirtait idflh,r 

of strat spheric 'i. it in1, iitlrillltin' 
twi'lfth thoi' lr'enirthilsi' 11;-i ! f (iirfii 

diith 

M''thanie (ICt' eitt,'1 ina irvatietyis vi of 


raturl iii xi- u (' i( u fin etrri 

1 rriert;rtlin iiruriiris aid air;nr'
itii 

rpih' ,tndr;u'n irll wethlt, , .. rutd 
I ikesFniissi slnrc(-" %liti:issilti;ivdhuman 
aitr\'itii plhi- Il lIrlih' lissti ik 'rir'Irt 

it'rlpsltril in ruti ii t.ptli-. 'iid 

iilimiiisii" if t ssil fuiels and bi iss 

(fll-Wl,,s.:(l'a,'td Metfthir. a.?s
atA firesis) 
pi ', i,',111w ill tlit )h(' oit 

1,,%%--r stra: y)l'r', 0- w4ri'inhl-t. ir i' IS 


,-- 0irt I11 of u-;ul wl it
h, xid, 
I'h.ihti stahn'. ' ;ir' l fl rrrri-ihoris 

I4(.ipe Nt-siar '-. t ic' ii (.t1"N. 121 WI 
-ItIthrkl'l) izu t' iu,'itrali,)ll' ;it t ell 

luris vari, m ouiiitn itli ,,h,,iluae(ufti 

ri-l-0 iQlf !rftris. 


t1-rvninm,iirv, ullill,, -onple, Ji ;ir are 

-- ,I.ufd,t ai ' in
ire i- . ,ul 

c l'sijir r:tnl)i l,u(Ihlitid will)i 1'hi.'r iill-

hri't tul,i. ir'- r.fvrnni-
tc- Alliiwastlirvietil 

id ti pnarv'(allihrati ,n standards 


I s i ntiu'' 1t9iI 7r '1hi-vs' stall 

dars syn' rn-uentlv riaiu,dvzr ait lof data 


pru-'-d ht-rerefl,'t ih4 ,'tislins Foiiraddi-

!nal thtils miiurnrig unnu
e truuurigm twthuus 

a tn ant] ti
data miaiiultatinilt ;un;utss. retr 

R A isu is'1un anid MiA K. Khltlt, "'Behaviir 

if 'f'r:-- (Giises ilithfi 'hi poispeire , Scii' iei of 

the Total/tI'i Ii i'nllt, Vol. -48 (1 186) pt, 

(Ii) -I~ti. 

Table 25.2 Annual Ehiiion Soi 

Erironmentally Important Trace
Gauses, 1925-85 
Sour-cz-'. Uihruifluorocarl-,r is 'h-ina 

nM;unifacturersAssicinitiiui ( 'r
.NI,\),dutiin, 


Sates, anti Calc'ulated ('FtC-11
Rel.ase ,if ,and 
CF('-12 through 1985" (('MA, Washiigtcu, DC' , 

1986). Bioftic ('uissions of c;,rts n dioxide: R A. 
FHouughton, et(i., "'lharies inthe Caruun 
Contel t if 'lirrestriat Fir laaint Siilfs ietween 
!860f and 19810. A Net Releas'eifI(), to the 
Athnrspir,:' ' l Miunigr/,hs. Vol. 5F3,olrugu 
Ni. , pp 2:5-26;2; and tpublished data sup-

Iping this stuly (R.A Huughtont. Nosemer 

186) (arln dioxiti eniissions froul fossil 

iie! fihustion and inudustrial processes: RIc 

Pulty (inpuhlitlhed data, .rniversity ofNew 
Orleans, Nivemlber 19186). 

'histable prisentts en!i:siiis data fortwI 
envirrnmentally important trace gases. (Refi'r 
tI ihechapter irtroduuction fir firther details 
of tuheseterni,.) 
* (lurofluurcarhats: Th ('hermical 
Marufactiurers Vssttialion -ottracits wsit 
Grant Tlurnton and (ompany, Certified Public 
Acruurtnts, tli u-ill''ct 'htrifluorcaron 
(('F(C) i:roiihu-tiin all(]satles data fro chii. 
fIluais haseI incountries thatare menbrs of 
the I,anisatiii frrFcono ic('-operatiin 
and I)ewilin't (1)I-()) alud itt Argentiira, 
S iiuthAfrica, FIdia, Venezuela, anudBrazil, 
Mixic-. The data are examined forreporting 
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cfhanges (Grant Thorlton ;iit ('oipaiv has tell of glbal coal prodution
coInpiled or n(ithe anniiial productioni data It Was assiiiiied that apprixiniatily I per
fur ('F" t ad ('F(-Tfrin 1131 to lhe itlit t Ihe coal used by industry ;id power 
I,e,,tllt a nt uried (oail tdst' 


Fiiisi,mi if (('s are ,stitati.d arni inauditiunal fi piercelnt was converted
 

plants \,i ani,char),
 
fased oII 

iI'-sl('m" hicu-le(s- tactors For ixnipl., all to Iionoxiitiing Lises(lar.tenzelie, etc.). (O)tier
( (s uistitd ill tni's lllo ire assiiiii- oxitative reactions fcoat (waste bank fires,,iis 

ed it, lhasid \vithii iotiiiis ut pro-bv six 
ductih.those iised lithereiticallv sealed 
r'fr r'rati(mi-ullitlielnt are assilne( ti ta'e 
an ewarls usteufr'l'ase p'ak bea' iPdict 
utfeicts auid filling hisses,-lhthe remaind'r 
relv;asud periodIFrover a I'l-'ear details oil 
the itlidelinrg oif ('F rill ss, efirto F. 
iiilf.. ut (i', "ThI onruhtiand Rie'ase 

I) tlf, Atlu.sphre i (1 1:ait ('('I.1 
flfinhfliorcart ris (TV It and U(' li Al-

msl/u'-rit I-runfiln rutn, \iI 2!1 No 6 (1986) 
1 l)0 ;- i0S,-) 

('F(' priducti ad releiias datla are rnit 
avaah,i fiur Irw fdi ' ;Lupanv(iuiii his relluctlot 
dlitasili' I 1';). F:ist-l iitiripe, (Chii;, ind 
IhII h58 hoihlit IOwI' it''t6P is 5e 


lirsi (ili'er ifthr' group,with a, 

vstlllit(d 11lniii 6,00i)inetric
('i1uofabuiill 
tris if('F ft and 33,(f1ti iniric tills i f 
(FU(-I? i 1l t; "Ilhst. le've!: if Irrduitimn are 
equal tii aut 21 ptritilt andil percili. 
r(spelli-ti-ily,rt'pited 1985 pruutic-if wourld 
lin (if l uldd f -('-2. iissioi tala;ir 
nutavailablIndi ll,ii'it. luil' colallny 

'.,u 1983), F-astir Irnurpe, (hii, and tIhe 

FIR' not iiih? tleiitb tatl,.
 
U ('atho dixid,.: ('arbin tiqssiuui are 

ciuseud tuv al t;iiturla
uratui-al i111iiall 
'lcan,jes emit i';rtiaoin di:idt-, aiid long term 

changes inglotal seg' tintii u-nuncintributft 

ti, or v.,uid(draw frnt the athoslptheric carbon 

reservioir. (umlustion offossil adds car-
fuels 
obonto thueatiisphere. as togas I(rin and ,carl . i,; 


released by the burninmi or d(rn- isilitif
Iwhionais when fiinstland is:leared F-.oir 

additiiial information, rfer to('hapter tI, 
"(ihobal ant ('ycles'-Srstlens 

/-sul i i coibliitinand nuistrii/ r-
'issvs" Fossil fuelc'inustiu releas's carbo 
uioxid- at rates thi depend tn tt e ain tln 
if each fuel type and pas),used (solid, liquid, 
the amil Lt of fuel that is brnefd (i raction 
is ased fur noienergy purpose.s), and tie car-
boull cntent of the fiie that is IlnedI. T'hI.' 
U.N. Statistical O)ffi-'e (UNS( j energy data tase 
is lii'solrcie forfel productiou and (filiposi-
tion data. (For further details ifthe UNS() 
data base, refert the "lchnical Note for 
'futile 22.1 ii Chapter 22, "Energy and 
Minerals.') Fecause the energy coni'it ut a 
futl isdirectly tolrmixrtional to its carbon c'on-
ttllt, fuelproductio data (whii converted to 
energy units)tall fii- list(] toestiniae the 
anniiluit fcarbon dirixide released in u-unr 
buitlon. 
fl n may require adI-Fuel prodnuti data 

justhnents forcartbon budget studies. Fr ex-
aniphl,traditional'atnhi analyses of u-al 
u'irrelati' -arbin contelifwith grossheatinrg 
valu.('Flue heating value is the amiountgros 

uf hea thatcouuuibe extrantled from fuel 
torulistion if the water ,apnr irithe flue 
gases were cuod'nseul, releasing its latent 
lucatlof vaprization.) Recently, homwever 

coaihtank fires. from coaliitetiaiie releases 
nines, atn(carlxr dioxide eni ions froni 
sulfurtiixide scruttbbers) are asslined ti he t 
ine~tiilv impolirtanLce in 'arlxion udgel 
nuidelg. )verall, tthe nmargin ferror it the 

calcitlation tfcaron emissions uIsing luil pro
tution taa 'a estiimated at i -l0 percent. 

(' ifun erssiions fron gas flaring and cc
moot irohlictiiin are also inctluded in fossil 
fu'l'iinhustion ailld proce-.esindustrial 
T'es two surm'es emit about 3 perceLt oif 
the rarboneiilhttdyixfossil fuel ceinb itii. 
For ;ainuu;il data ii aitsflaring, u'lirent pro.
luitioin. and fous.silfuil (disaggregatetd int sol

it, liquid,aiid gaseous flels)ini sions (it 
i;irfii itiiixide, refer to World Resoiirc', 
I i 6 Tatilei 11,pt 38. 

iiipli( el'os.siios The nitode proised to 

iliiii this data series toi
attelmpts to accutnt 
buiill tile einissioni upi ita'e ofcarbon uiox
ifie hv 'e lii la andtsiils Carbon dioxide is 
r'l'ased fronti-'getatio lan usils during 
threi'pruli,'ses: clearing land for agriculture 
lelllissiouis frtii suilsant decomfp)sing Iatural 
'ei'iatioiil,cltlilg fiorests forfuelwotud anut 

industrial wood,aint(ionverting forests to paus
ture lantid. Carlti dioxide is removed frum 
the atiniuphere by forst growth on abandon

ed criplau and pasture and by afforestation. 
'ie Ft types of tand cover considered in 

this inidel have different instocks of carbon 

vegetation ari(sils, aiounts and rates uol
 
carbon elnissifils wien distlurbed, an exteilt
nd ra e s f recovery [o(isurb d vege a io n 

\as assin'ed tobe in carb.on euuilibriunm with
th atniospliere 

The extent tfand c(hang es in each land 
tytpewere determined frint historicaldata oir 
from models. For furtier detais, refer to the 
solrces iorto the "lchnical Note for "lible 
F8.3 in Chapter 18, "l'and Use and Cover" 
Alllue'lwuod and industri it wod were 

asstuned tr have one froh cloised forests; it 
was assumed that no wood was taken from 
shrulands and grasslands. Fuelwood was 
assmined to be oxidized in oineyear, paper 
aid paper products li ten years, and luriner
 
and related pnoducts in 100 years. Sails
 
disturbetd by logging also sufi'r a net lossof 
carbon. 

For develoliped iegions (Furope,. Eurotean 
USSR, aindNorth America). tIstrical wood 
harvest data were taken from the literature. 
For developing regionl pre-1950 fuelwouud 
data were computed using pr ucapita co
suniptii factors. For these regiois, industrial 
wood priductionll was assuned to be onr-fiff h 
the volue of fuelwood prouduction. For 
19,50-8t, data oi wood har.,estin developing 
countries were takeni froint the four FAO 
Wirld Firest envetories )oarand the lF) 
book rufI'oresl Prolucts. (For (tails concern
ing SOtr-es, !ernis, ant coulluttationru factors, 
refertii the liechnical Notes for'fables 2(1.1 
and 21.2 in Chapter 2ff, "Forests and 

errors (dhuul'-couninrg (iCF( iroductit hy UNS) has repurtd gliobhal toal produlim n oiluIungelandsf') 
suihsitiary ;nil parent cpunlies ;andut a it heating vale basis; these data requir. Forests were aSt lied to have beeL (oll
i'oniy-tiu-s-opan sals) aitul altadjuustmentinventory forestinating the carbon ('onl- verted to pastlire in Ltin Armerica only At 
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forestation was assumed to have, taken place 
only in ('lina, the USSR, and Europi. 

Based on recent research (it Ie published 
in R.A. I loughton, t l., "t' "llS n)oCarbon 
front "trrestrial tiosysten s to he Al-
Ill sp h e re in l. ) in [,a lndWh th ic 1( Ch a n g e s 

I st,: Geograhlic )istribution of tthe lGlhoal 
Ilux:' T4lls, \,ol. 39R Nos. I aind] 2 tlchruary 
19871 1, the 1980 carblon elission estimate 
colitilled i; tile tloughtol, ef a/.. EcologiiaI 
Mo gnigrfols article has been rcvised. The 

tiological Atf nogr hs dalta and model pro-
duce it global hiolic carbon emlissionl estinate, 

of 2.6 illin Jietric tns for 1980. Ilowever, 
the alithors hitve' since adjusted their 
estimlates if soil carbon los. improved the 
vegetatio aldislggregation, and refined the[aind u..e nmodel (to incorpo~rate shiftthng cuiltx,-

tion). The resultant 19801biotic carhon emis-
SiOl waIs estinmated at 1.8 billion metric tns. 
These n110ditiiIIJOllS ill thU 11odel ha,,et nIM 
yet been applied to Ilie entire time s ei s; 

results o tlhe -arlil-r odel w-re nllhiplied by 
1.8/2.6 to produce ilht numbers sh)wln ill th' 
tahle. Refer to the sourte dotiulints fir lr-

er details. 

Figure 25.3 Acidity of North 
American Precipitation, 1984 
Source: A.I.. Slavioh and A R. ()lsen, itilcifir 
Northwest [laboratory,, Acid Precipita~tionlin 
No'rrth ..llivlrw 98 lia nd . cif sofldgA'.t a4n~ 

.Smlnlrws from li A).S )ata tBase1 1S. ti 
virmnnental Prottection Ag-ncy, Research 
triangl' Rrk, North Carolinai, 1987, iu press) 

' fll ti is Itonlasure acidity orscale ised 
alkalinity Neutral solutlions have i pill of 7. 
acid solutions have i fillI less than 7, and 
alkaliit solutions have ii pil grealter than 7. 
Ilh uil ('hange il pil represents a tlenfol 

change For iiacidity example, rainfall with 
it I is tin times is iidic as rainlall with pIIt 

5 and 100 tilies as aidic as rainla;I with pit 
6. A 0.2 pl dtecline represents a 58 utr(entl 
increase in acidity. The pi values in this fig-
ure ari pre'ipitati ,i-weigtti anulll ivaus. 

'l/pically, rainfall is regularliy cillected at 
monitoring sites using techniques established 
hy tle nilonitorinL! network oerating prioticol. 
Delendig onl he network iperating proocol, 
aniples are' collected itail, weekly, or month-

ly. All tlt n'tworks represented on this lap 
its' "wet only" ralther than *hulk" s mlling 
Wet only siJiplers alre exp)sed Io the alt-

sioshere only during pr''cipitation: hulk 
sampft'rs are exposed to the atosl.' rc at all 
times ali are influenced by both wel and (Irv 
deposition. I'recipitlatitn samples are then 
chemlically analyzed; tley may also te check-
ed for validitv For exapnle, i lahoratory ia' 
reject saiplis with i positivtnegative ion 
talance tlhalt deviates lrom i givn equilitrium 
ulher. 

lhis Jiap incorpoirate.s data collected alt 1,.1 
monitoring sites in six Nirth American 
precil:itation monitoring networks: National 
Atmostpheric ltpuosition l'rogran/Nationa 

'lreIlsNetwork, Mutti-Slate Atmospheric 
I',,,ur IProjection I'Plutin Study Precipitationlr 
Chemistry Network, Wisconsin I)epo io 
Monitoring Netwrk, Canadian Air and 
P'recipitation Monitoring Network, Acidic 
Precipitation ili Ontario Study (x)tli the 
cunmlative andi daily networks), and Utility 
Acid Precipitlation Study Programi. Station den-
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sit v east of tIe 5.0 isopleth precludes depic-
tion if individual monitolring stations. 

The Acid )eposition System (A)S) is a joint 
dala base for lint' (lnliln and (.5 nle-
woirks nionitoring plrecipitation chtnistrv To 
o in A D)S, it n t wvok nu st e :. a lblis h i n il =r-

ilg prohtocls, scrt ell data, all indI'rtake 
quality control and quality i,.ssurIice pio-
grais. Analytical laoliatwlies in AtDS mlmber 
networks also participate in iiterlaloratrv 
iiliparisin sitdies. Reslts of these studies in-

dicate that analyses performed hy different
lahoralm~ies art, generally colnparahle. 

I"or this ial , At)S eliminated data that (till 
n i eet several selectiin criteria, The first 
set of criteria relates to the validity ofvaoiiatio 
siul s. Fioirexample, if ia sample has insu fi-

ient prf.cipitation for it coinl)], tv analysis, of 

an ion ,Icii s, the .,unpIh is invalid fr that 
Sp,.TIOs 

A second set (of criteria relates to coin-
ple eness Of [tit dala. ()lie im portant data 

cmplelteness criterion is ttle fractiin of 
precipitation events lt a site for which there 
were valid cttmical mneasuremnlnts. (Sce 

above.) D~ata comp)letenless is deherinlile .ofliliass 
separlltely for each till species; some silt's 
t lilt ha11 good ratings when evaluated for 
sulfur monitoring, for example, may have 
[)eeni excluded front this mnap. lbcauIse of ;Ull 
insufficient number of Ipll mleasuremnts 

A third set of criteria addres&ses site 

retresentaliveness. Sites that are far from ill'-
dustrial polllion sources, towns, transportation 
facilities. anld other poltenlially contlliintig 
infhlunces werte considered regionally 
representative. Sites with good datla con 
pIleteness andt site representativeness ratings 
were included Ill this iiap. 

Ior details of dita and site selection criteria 

i other 

efer to Ithe siuric .
 

andIr dlata ii lonito,tt ion species, 

Figure 25.4 Acidity of European 

Precipitation, 1978-82 
Soin-cu: (i )l(erative tProgranme for Monitor-
ing and l:vallationl ot til' Ioing-R-iige 
Transnlission of Air Iuilutallts ili Europe 
(MEIT) S'uinnary'Report fon the (lheroical 
(o-ordeloting Centre for the Second Phase of 
t'4lJ. (Norv.'egianl Institute for Air Research, 
liflestroni, 198.). 

IKMEI is I ctperative air monitoring pro-
grain undertaken iy 23 I'uropean oiuntries. 
Natioal moniloring networks submit air aid 
prcipitation chemistry data for selected sites 
ti the central data hase supported hy EM l. 
Naltional analytical laboratories also participate 
Iii inlterlaboratry comparison programs (in-
clihing analysis Of hlild .'Sluiples)ensuretI 
cil.parabilitv of the ilty analytical methods 
used. ('omparability is generally satisfactory, 
although there are aI few national laboratories 
vwhose analyses of lind samples deviate from 
cnrrect valbes more than 10 percent. 

All lonitoring sites reporting to I'P col-
lect saplles daily I-Either wet only or tulk 
salmplers are use(] at EM El monitoring sites. 

definitions of these terms, refer to the 
'ltchnical Nte for Figure 25.3, Monitoring sta-
tions reporting data to EMEP are regionally 
representative (i.e., far from local pollution 
sources). 

This map incorporates data from 50 of 
EM El's 82 monitoring stations; stations were 

in,' -ted if they had least 24 months of 
ine,t;lireni',nts over the (0-month period 
(January 1978 -[)ecemher 1982). Data are 
precipitation-weighted arithmetic mlvans. Refer 
to the ti-chnical Note for Figure 25.3 foil ir 
de fi nfi i on of Jill. 

Table 25.3 Indoor Air Pollution 
in Developing Countries, 
1968-86 
Source: Kirk R. Smith, tst-West Center,F' 
liofoi's, Air I/l ,I, 1nd Ih'lh: A (Iolid
RHlerie (}-lenum P'ublishinlg Company , New 

ork, 1987, ill press). 
Indoor air pollution caltn he caused by 

lit adhz'sive 1 lvenLs Irin wlld 
valir iz ati( carets, radtil gas rmis Ios 
II:t 	 ilh or -isicnlbtstion enmission, 

ill othtr factors. This table presents data oi 
iodoor air pollution fronm biolniass fuel com
hustion, 	[lie primlary heating and cooking 

m t o l h l ~ t o l ' o s h l s o n 

flrmatllin on other torms ou ithoo air illu

tion, refer to Chapler I0, -imosphere and
 
Clilate.
 

aid fissil fuel colhblstion releases 
i iniier litentially harmftl cotpiunds:
Illrtilllates o lcycli rginllic maltter sucits 

t, ('arfylit organiatte,monoxil adtter 
che Iicals. 

Emissions of all) specific pollutant vary with 
the type, Size, Shape, and allount of fuel 

used; the rate of fuel collistiOn; id tie 
I 	 The Jixture ofmethod of (otthustion. 
pollultants emitted by fuel is also determined 
by tlhese factors. 

Indoor concentrations and human exposure 
to pollutants depend o venilation and the 

time all individual spend!; ill a polluted en
,ironmenlt. IlJcold climates, individuals are 

more likely to spend long periods indoors. 
Cultural factors are also impoirtant; for exam
ple, w(mien, who traditionally perform most 
coking ctores in many regions of the world, 
spedct ing periods near cooking fires. Ex
posure of women (and of their infants and 
other children if they are kept nearby) is 
tIherefore likely to he higher than the ex
posure o men. 

The impacts of pollutant exposure on health 
depend on the pollutant, individual physiology, 
acclimation (the irritant effects of a single ex
posure to some pollutants can decline with 
repeated or continuous exposure), and other 
fa(tors. For example, a pregnant woman is at 
higher risk of carhon monoxide poisoning 
than is a wotman who is not pregnant, and an 
unorn child may be affected as well. Com
hinations of pollutants may have different 
health effects than those of single pollutants. 

Health effects may te acute, subacute, or 
chronic. Acute effects include, for example, 
smoke inhalation and acute carbon monoxide 
poisoning. Suhacute effects result from irrita
tion or inflammation of the respiratory tract 
hy polutaits such as aldehydes, phenols, and 
toluene. Chronic effects include a variety of 
pulonary illitcardiopulmonary conditions, 
cancers, and other diseases. As v,',however, 
there are insufficient epidelliolog a] and tox
icological data to permit quantitative assess
ment of the health impacts ot indoor 
pollutants. Extrapolation from occupational 
and other high exposure studies indicates that 
healtlh effects may be substantial. 



26. Policies and Institutions
 
'his chapter includes data oin international treaties for 
environmental protection, sources of information on the 
environment, flows of dhvelopment assistance to oevelop-
ing cuntries, and public attitudes toward environmelntal 

issues. 


"ifale 2t.i lists the ('oultries that have ratifiedlmajor 

environmental treaties. It does iiot include treaties ii ' vet 
in force in 1!)86 (such as the \'ienna Convention for t10 
Protection of the ()zoiie Iliver) or iost regionlal treaties 
concerninril the enviro imiet (such as the Convention on 
the Conservation uif Etiopean Wildlife and Natural 
Habitats, s;gned by 17 European countries). A country's 
ratification oif these treaties indicates its recognition of the 
importance of particular forms of environmental protec-
tioin. Howevr, because imost conventions lack enfice 
ment mechanisms, a country's ratification of a tre;ity 
does not ensure compliance with its provisions. 

Major sources of country-level enviroiinental and oatu-
ral resource information are shown in labhle 26.2. Narly 
all governments publish statistical yearbooks, which 
usually include data on agriculture, fishing, forestry, water 
use, population, and other natural resources. Sever-d 
countries publish state of Ihe environment reports and 
compendia ol environmental statistics that provide mnore 
detailed environmental information. For many countries, 
environmental profiles published by nongovernnenlal 
organizations are the only sources of natural resource or 
environnmental information available. The U.S. government 
sponsors two series of environmental profiles of develop-
ing countries receiving U.S. assistance. 

Country-level environmental information may also he 
found iii other sources, such as the sectoral profiles of 
forestry, energy, etc., published by multilateral and 
bilateral development organizations and by government 
agencies charged with managing these resources. These 
sources are not shown in Table 26.2. 

Official l)eveopment Assistance (ODA) comprises grants 
and concessional loans made to developing countries, 
(See liable 26.3.) ODA-financed projects can make impor-
tant contributions to improved health care, a'c'ess to 
drinking water ant sanitation, and increased agricultural 
production. (The environniontal costs of some ODA-
financed projects have begun to receive attention in hioth 
donor and recipient countries.) ODA data, taken together 
with estimates of Gross National Product (GNP) and long-
term debt, also indicate a country's reliance on foreign 
financial inputs. Several countries have increasingly relied 

oI O)A in the past decade: (;iiiea-Bissau's ()I)A as a 
I)('rertage of (;NP rose from 0.2 percent in 1971 to 40.8 
percent in IN82; Mauritania',; rs,, from 7 to 25 percent 
over the same perio)d. 

Nemiher co 0 tries of the (Organisation for Econornic 
('Co-operation al Development (F.(I)) )evelopment 
Assistauc ('nimnittee are the primary source of ODA, 
hut their share ot contributions has declined in the past 
3' years, from over 9!)9 percent of all OI)A in the 
iuid-(1950s to 77 percent in 19183-81. Members of Ihe 
Organization of Petroleum Exporting C( untries now con
trilite 14 percent, and members of the Council for 
Mutual IEcononic Assistance contribute 8 percent. 
l)ev,'lping countries provide I percent of ODA flows to 
otier (tI veloping c'oulntries. 

Data frnmn public opinion surveys on environmenta 
issues indicate levels of awareness and concern about 
these issues. Although public sentiment does not always 
prduce politic;l changes or commitments, it can be 
influential in shaping national policies. In tile past decade, 
most developed countries have strengthened or adopted 
new environmental laws, largely in response to public 
Concerns. 

Fnvironmental protectii has received strong and con
tinuing support in many developed countries. (See Table 
26..) Between 1982 and 19861.55-90 percent of the peo
pie surveyed in 12 European countries described them
selves as concerned about national or global environmen
tal issues. In 1986, only 6--38 percent of the people in 11 
F-uropeant countries feit that their governments were han
dig e'nvironnental issues efficiently. 

The phrasing of questions and the answers offered for 
multiple choice luestions can have an important impact 
on the responses received. For example, when asked to 
choose between economic growth and environmental 
protection, 61 percent of I.S. respondents favored 
environmental protection. However, when offered a third 
option, "we can achieve goals of environmental protec
tion and ec'onornic growth at the s;me time2' C1 percent 
chose that answer. 

Other surveys of environmental opnion have been con
(lctedl in rdeveloped countries, but tlhey could not be 
included in "able 26.4 because the questions are not 
comparable. Data on public opinion toward the environ
ment and natural resources for developing countries are 
limited; they are not shown in Table 26.4. 
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Table 26.1, Niticipation in,, Global Conven on , Pr n e 
4 	 4 Ocean, 	 Bliolgical

444.4Q 4 4Dum 	 Ping an Toxi 
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Botswana X
44Burkina Faso 

444 	 Bur-undl 44X
 
Cameroon X X X X
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Congo X
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-' ~ Ocean 	 BllpiaDumpIng 	 and Toxin 
(Longon Law of WeapnWorld Endan ered Migratory Mexico City, Pollution the Sea Nuclear (London,

Wetlands Heritag as -Mscow,Specash Specles Moscow, from Shloss (Montego Test Ban Regional 
-(onn)(Ramser) (ParIs) (ahnton) Washlogton) (London)' Bay (Moscow) Washington) Seas 

1971 1972 13K '1979, 1972 1978 19W2 1963' 1972t (UNEP)
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Bangladesh 	 X X XV''Bhutan 	 'X X ~ Burma' X
'China 	 ',.x 	 X X X XCypnsia . 	 X X . XSInd , ,:; . , + X r X 	 X X w , MX X X ; X X X ,1 

hnonesia 	 X X X 
'' 	 Iran XX X X 'P 

r 	 XIraq x x ' 
X X 	 X X ' M 

Jordan' X ' X X X 	 X XKamp-ichea. Dem 'X
 

Korea, Dem People's Rop ""X 
4 	 Korea, Rep ,'X XKuwait X XX 	 F,Lao People's Dem Rep X XLebanon .
 X X X M. 

Malaysia X 	 . . 
Mongolia X XNepal 	 ' X X X' 	 .Oman X 'X x 	 PPakistan , "X 	 X 

X 	 X 
_ 

X 
_ 

X X'Philippines 	
, 

Qatar X 	 X PSaudi Arabia 	 X X PR 

SyranArab Rep 	 X- X 	 MThailand 
 X 	 X XTurkey ' 	 X X - X M'MLUnited Arab Emirates 	 X XViet Nam 	 'X 

Yemen 	 X RYemenDem 	 'X ' ' 	 XI7 	 xX 

'Austria,Albania I'K X: : : .. X .	 X: X++ 


Belgium - '- ' X X 	 X X X X
Bulgaria X X	 XX 
Czechoslovak' ' ' 	 x iX
Denmark X X X X X X 	 XFinland' 	 '.XX X 	 'X X XFrance X X 	 X 

X 
X 

' X- ' X 
X MML -rGermanDemRep X X 	 X

Germany, Fed Rep 	 X X' X X X X X ' 

Greece-X' 	 X X ' X X X X MHulnary '' 	 X X X X X X XIceland: ' X ' Xx xXIreland 'X 	 'X' X 	 XIl 	 X X ' X X XX X 	 X MMLMSP
Luxembourg 	 ' ' 

Netherlands 	 X X X. X X X X MS 
'Poland X X- ' X X
 

Par ugal XXX
XX2~iRomania X XpSpain~ X X X X X 'KX X X MML
Sweden e gX X aX X 	 XtX 	 XSwtzerland , X X X ~ -- X 	 X-X 
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X X -' X i-

USSxX xXX 
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X X X
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Sources: U.N: En~vironment FPwgramme, and U S, Department of State. 7'<-i 	 -' X - ratified mnember; other symbols refer to specific Regional Sea conventions described in the Sources and Technical Notes,: 	 ~''~bh1 -~,For addidlonat information, see Sources and Technical Notes,~f"i 	 A4 
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Table 2.2- ratn manEvreg nonal Sources of Environmental riU.S. AIr)' '' Foreign "'Regional

Phase I 'U.S. AID State 'Disaster ''ReportNational Draft Phase "II of the t' Assistance Country Environmental on ResourcesConaervstion Environmental EvrnetlEnvironment Country ttsia StatisticalStrategy Profile and the INFOTERRA4" Profile " '. Report Profile Yearbook Report Environment Participant -

Algeria
Angola P.'" . 

'' 

Botswana U
Burkina Faso pPao P U(G) P82 P 
Burundi P81
Cameroon P81 

P P84(NGO) I
PCape Verde P80 
 P84 PContra) African Rep

Chad , .
. 

_ PL2 P "__ _ _ _ _-
Comoros .P84 
Congo 
 P PCole d'ivoire D

jiboul P 
P81 PEgypt P80 P

Equat-orialGuinea P-Ethiopia P81 . PGabon " 
PGambia P P82 PGhana
Gulinea D P80 P85 0- -- ----- _ __ -i I 

Guinea.B'ssau D P iKenya 
 P81 P P4(NGOLesotho . P82

Liberia -P80 
 P 
Madagascai LbaP P84 P84 P I 

Miaw .P82 .P
Mali Po Pa' PMauritania P79 _P P84 P
 
Maurilius
Morocco 'PA 

P

Mozambique.Niger P, 

p.
P.P80 P85 PNigeria _P 

Rwanda P81~ 8Senegal U P'*" P84(NGO)IP80 
 P82 P 
 iSierra Leone D p
Somalia P79 
 P81 PSouthAfrica P80 _ _ _ P_ _ _ _ _ _ _ _ _ _ _ _Sudan 
Swaziland 

P U ) P81 P 
_ _ _ _ 

P180 . ""IPTanzania, United Rep . P
P81 P P84(NGO) iTogo, D / PTunisia D Pa0 PI I 

Uganda U P82 "P8 P84(NG 
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Pf P :C -. 

P85 8 . ' 8'ZambabwZaire D P82P .P82P P82 PP.. 5G ..
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Jordan D P79 P 'I
 
Kampuchea, om P P8411G0).
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Korea, Rep P P84(IGO)

Kuwait PI
Lao People's Dom Rep P P84(IGO)

Lebanon P I
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Mongolia P P84(IGO) I
 

U P79 P83 P P84(1GO) I
 
O P81 P I

Pakistan D P81 P83 P P84 P8411G0) I 
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' .P , 

Saudi Arabia U(G)84 P
 
Singapore P(G)80 P P84(IGO)

Sri Lanka U P78 U P83 P P84 GO)I
 
§y-an Arab Rep P81 P 
Thailand D ' P79 P P84(IGO) i
 
Turkey Pe1 P(NGO)85 P82" P P79,85(IGO) I

United Arab Emirares .' 'P ' ' ' I

Viel Nam 'P85 P ' P84(IGO) I ~
 
Yemen ' P82 'P I
 
Yemen, Oem' P
 

: Albania ' " '' PG) P P82 ' P7985(GO) '  4 
Austria P()P P2P98(G)I

Belgium :' P(G)79 P P7985(IGO) I ;
Bulgaria i P ... i i I"-, 
Czechoslovakia D P ',4 

Denmark P(G) P P79,8S(IGO) I

Finland' P(G185 P Pa0 P79.85(GO) ' I -

France D P(G)78 85 P P83 P79,85(GO) -I
 
Gierman Dom Rep ' P
 
Germany, Fed Rep P(NGO) P P84 P79,85IGO) I
 
Greece D..."4P' ' P79,85(IGO) I 
Hungary ' P(G)86 P P81 I
 
Iceland P

Ireland P G85 P P7985(IGO) I
 
Italy' U P8P73GO
 
Lxemrg P(G)84 P P84 P7985(IGO) : !4'.'
 

Malta PP7985(IGO)

Netherlands 
 D P(G)85 P P80 P'79,8GO) I


KNorway D ' P P83 P7985(IGO) p
Poland , P(G)85 P P79 I
 
Portugal P79,85(IGO) I
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'P 

I

Spain D PG P ' P79.85(IGO I
 
Sweden P(G)83 P P84 P79,85( GO) I

Switzerland P ' ' P79,85(GO) I h'' 
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' 

' ,' 

AusalaP83 3 P(G)85 '-P - P83 P79.85(IG0) P84(1,50)< 'I
 
Fill 0 P801 P P64(140),
NeZealand 1P85 P P79,85(100) P84(IG0) I ---
Papua New Guinea 

3 

P85 P P84(30)Solomon Islands 3-3 P P84100) 

Source: World tlosources Instilute arid Intlernational Institute tor Environment and Development,3-~'3 ' 1 " '''
 
P -, publ'shed; U - unpubi shed D.- under discussion; publication being updated; IG0 prepared by an intergovernmental organization: NGO - prepared by a non,~-~'~,
 
govrnmenrtal organizaion: G -prepared by agovernmental organization; I =participant in the UNEP INFOTERRA program: a -P(G)70.84,P(NGO)82,84,87 , ' '-~3 3 3Q

F add onal inorraio, see Source and Technical Notesa 333 ' 1, ' ..........
 
... .. 1373c, 1957
 

http:P(G)70.R5


Polic~iesfand. In tiuton 

((Table 26.3"Official Developmnt Assistance, 1964-84 
Average Annual OfficialDevelopment ,Assistance (ODA)

(mllion $US) 
ODA as a Perceltage of Gross 

I'latlunai Product 
1964zo66 ..........-- 4 X76t 1982-84 

AFRICA \if 
>-

Algeria
Angola
Benin 
Botswara: 
Burkina Fa_ 
Buirundi ./ "r43 

Cae~1x
Capey\'irde 
Centr.l African Rep 

C 
ono ,X 

i" 

x 
x 
x 
X 
xo 

X 
x 
X 

~ 12X5 

49 
45 
90 

107 
x 

49 
69_ 
56 

557 
82 

103 
195 
Q-136. 

177
59 

92 
100 

X 

X 
x 
X 
X 
x 
X 
x 
x 

x 
10 
17 
14 

4 
X 

12 
15 
8 

0 

13 
18 
14 
2 

46 
15 
24 

/Cote dIvoire 
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Egypt, .X 
Equatorial Guinea
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Gabon 

GambiaGhana LC 

X 
X 

x 
X 
X 
x1 

. 

95 
31 

1746 

132 
41 

175 

141 
75 

1537 

13-
302 

67 
9x249156X4 

-X 

. 
X 
X 

X 
X 

3 
X 

15 

5 
,2 

2 
69 

5 

7 
2 

Gunea. Bissau xxX 19X 63 X X 541 
KenyaLesolho 
Liberia 

Libya 
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Rwanda 
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SierraLeone 
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South Africa 
Sudan 
Swaziland -X 
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. 

---

.. 
-

x
X 
X 
X 
X 

X 
X 

-X 
X 
X 

X 
IC 
x 

X 
x 

x 

136
27 
21 

-164 
70 
56 
117 
110 
24 
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31 

136 
34 
72 

133 
14 

113 
XC 

266 
17 

242 

439
97 

120 
-60 
197 
112 
248 
178 
41 

485 
226 
199 
-9 
55 

313 
70 

384 

77-I 
27 

621 

-

X -

-

X 
X 
X 

X 
XX 

X 
X-

x 
x 
I 
X 
X 
X 
X 
X 

x 
X 

-. 

4 
10 
4 

-1,30 

9 
20 
25 
4 
2 
2 

21
0 

1 
8 
2 

17 
I 
6 
6 
9 

tb 
13 
12 

-0 
8 

12 
25 
25 
4 
4 
x 
15 

-001 

1 
13
5 

25 

10 
5 

11 
Togo

__Tunisia 
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.x 

IX
X 
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X 

IC 
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I 
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" 

X 
X 

X 

IC 
IC 
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5 

1
3 
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IC 
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2 

3
5 
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-NORTH & CENTRAL AMERICA 
Barbados 
Canada 
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ElSalvador 
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X 
122 

X 
X 
X 

x 
XX 
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X 

X 
X 
X 

--3815 

- -- --
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26 
24 
28 

3426 
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59 
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33 
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14 
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53 
5 
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-

-
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-

---

_ 
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-

- -

X 
-034 

X
CX 
x 

X 
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,X 
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x 
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- - -
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1 
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27 
16 
4

1 
0 

- 3 
2 
0 
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" 

- -
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7 
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18 
8
7 
0 
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1 
0 

, 025 
SOUTH AMERICA- . . . . 

Argentina
Bolivia 

y\ Brazil 
Chlo 
Colombia 
Ecuador 
Guyana 
Paraguay 

____ 

X 
IC 
IC 
X 

I, 
IC 
x 

30 
63 

148 
5 
90 
64 
111 
38 

42 
164 
157 

1 
90 
84 
31 
692 

X 
X 
IC 
x1 

IC 
IC 
x 

X 
4 
0 

47 
3 

0 
6 
.0 
0 
0 
1 

2 

i 

Surinamex 
Al Uruguay . .Venezuela .. IC 

68 
12 

37 
4
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IC 
xC~ 

15 
0~
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Table 26.3 7
 
Development Assistance (ODA) -'iODA as.a Perce ntage of Goss 

,-,-2 $US) National Product-(millon 

1964dan68 ".., 1974 7.6 	 1964 1982X : . 3, ' . .j7 84 	 . 7 2-84 

I, ': f 	 I . , ' 
Aghnistan 	 X71 10 	 X 3 : ," 7- "'9Bahrain 	 X 63 143 X X " -" 4--Y8:
Bangladesh 	 X 691 1206. 7 9
Bhutan 	 X X 14 X X B8


'1 Burma 6 _ _ 299 2, __5
 
China X X 664 X ~, 0 0"
 

X 736 23 X -5 1
 
aX 1629 1605 X 2 1
 

Indonesia 
 X 675 777 X 2
 
IN-------ran X -603 81 X - 1" 0 0
 
Iraq ,,X 	 -240 17 X -1.60 XIsrael X 409 1153 X 3

Japan ~,-215,. -1126 -3701 -023 -0,,,2 

~ 
-032 

6
 
Jordan -/X / .85 755 X 3' 20
Kamouchea, Oem 3 X6
__r___ 	 _____ 

KoreaDemPeoplessRep X X X 	 X X X
Korea ep-	 X 240 14 X 1 0Kuwait 	 X - 1059 X -586 -395Lao People's Oem nep X 42 .34 -/ XX,;X 28".!

Lebanon 2543X -3X___ . _ X
 
Malaysia 	 X " 77 213. X 1 1Mongolia 	 X X X.X X X 
Nepal 	 X 43 200 X 
 3 8

Oman X 129 92 X 8
Pakistan - 955 73.. "-----.- 8 2

1
 
97--" 	 ---


Philippines 	 X 175 387 X IIQatar 	 X -221 -53 X -882 -094
Saudi Arabia 	 X -2543 -3583 X -723 -289 
Si. 	 X 15 25 X 0 0 

Syrian Arab;Rep 'X S~e~m 	 927 ; 
5 6X 361114": 4211____-- X, 	 9Thailand .X 	 110 432 X - -1 14 ~ 	Turkey X 90 418 X 0 1United Arab Emirates X -857 -263 ,,X -928 -096

Viet Nam __ _ _ 
" 

14 117 . X _XL
 
Yemen X 186 352 X 19 
 9 , ,
Yemen, Dem 	 X 88 -111 .! - X .5 -1 
EUROPE . .0 	 . i- - --- : -. '.--

Albania-	 X X X .,X. 	 X ''IhAustria. 	 -10 -63 . -191 0,11 -017 -029i' Belgium 	 -83 -330 -471 	 -0.49 -053 - 0.55
Bulgaria X X X XXX
Czechoslovakia .X X _ _ _ _ __ .X..~ Il-X 

Denmark 9
- -46 -420 '-15 -0.03, -07 -0,Finland -15 -46 4205" -0153 -053 " 078

France -775 -.1951 -3879 ' 
 -0.78 -061 -0,712German Dem Rep 	 X X X X X X 
Germny, FedF-5 Ret, .

iGreece 

a$;. 	 -172 . . -562 :... - - 0"

0 
9 -08 -046 

X 3 -12 	 X 0 . -003 
Hungary - " , X 4, :- : x-:. " : -X 

Iceland -X x , : X ' X X X 
"- Ireland- X X _.)X X X 

ii I.aly =-62 --208 -926'- :Z 
9 -C,-i027 

Luxembourg Al x x 'X X
Malta -- ':: X - 28 29 o0X - '6 2 
Netherla.ds -71 -591 1312 -0.36 069 -0195Nor y -12 -178 -562 017 -- 065 -1.04' - -

X 	 - - ______ 

'' PortUgaI~r -36 X -64 -096 X -029
 
;Y u"Romania X X X X X X
 
Spain' X X X X X -X

Sweden -43 -525 -827 -020 
 -076 -085,Swizelad 286 008 _ _1017Q. -1028-j.
 

1v1 'United Kingdom -'" -44-5 110-4 04
 
-'Yugoslavia-- 84-5X Xr 1 04 04 -03-X ~
 

-11-95 

- USS~ ~i,-''.-" _700- .-- if 3227-iiIX4 	 - -1312 ----

'Australia 	 -- 117- -454 - 804 . . -054 - . --050- --- - , - .... >v- -i- -055 ... -. . -
Fill 0 19 33 X 3
New Zealand 9 ,-- •60 - 017 --- -039 --------- 026

-~ apa X 322' tX-----20 14~
ewGuinea 270 

' aifl-oon9sl and' X <- i-'x x - X
X- 1 

-Sources: ' 
- rgansalion ju-:Z'nnrnlc Co operaticn and Developmnt; and The World Bank.~ '~ -. p~
Note. Flows to recipients are sho d as pslive numbers; flows from donors are shown as negative numbe 
 -0 -zero or I(ss than hall of 1 percent forrecipient countries ard less then live one thousandths of 1percent tor donor countries X not available 

- i adodtonal InfoimaFor see Sources and Technical Notes. 
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SPm!On o n rton enta Issuies,J 7,8 
Itl Japan l PoAtugal SpiAn Kingdom -States 

- .1982 .1982 1982- 1982 1982 1982 1982 :, . ' ,:,,;,: 1982 h; : 1985 ,' : L198 196' 18 :19868 1986 98 i,1986 -,"1986 .<'1962r'! 1986 -,,:'1986 tP 1086''.,.1986"::t.,19841986 ' P 

reso t cmpinabutYs/o esNoYe)N Ys/o Yes/No Yes(No. Yes/No;. Yes/No' Y.evN0-. Yes/No :.Yes/No ?.Yes/No, :Yes/No 

16-8 2-2 113 9/1/41/8 2711 r x "16 2 8/0' 211 r 11/88 2275/8 . .1/970 22f7 11/8B 1 6/727 "19 /8}" 20178" 33/'66 8/81 27/1 1218 

0 277!28 98 28171 3 679 15/83 25735/63 882 7B !5/&4
12/86 "19/8 56 3/86- 16/8C 2/69 ' 29/68 - 16/83A i; ,24/74 

Lakoaccess toopen space 2176 4/96. 17/82 19/78 306 ' 11/89 29/70 ' 11/88X 2 12... 15/83 

? : ... Los~godfrman 4/94 .. 7191 12 87 : '....... ". .. 16/80- 10/89 141a5 29161 ..- 28171 : . . 11/88 i20/76 ; 30/67 j1 4 " - t. 

23/7419 2& 4 17/71 . "25165 10/84 '31/63 X 176 23/70" .26169 J;:: ".,.'
 : ' 
- : : ' " :2 27.1u 5/ 8 1 2 2 r72 19 / 7 2 , 23 /6 1 10/ 3 .33/6 2 :1 8 71 . 24/69 "2 4 160 1 8 .17 7 ;< _' 
:.:,Deterioration of the landscape S" .25/70 8/82 '30/70 A-23/7236/5B 15/84 36/61- 14/86 27/69'"AA -33/65- ,,3 1/66 !-: .. :
21!75 i'i ! i,': 


:' =TT--.' .=.. ...9/82.."27/68 
 25R4" 29/66 33/58 20(77 '45/53 " 31/65 . 27/67/ - 36/59 31165 :" -.. . -.,..,::- -.

":.(C'= concerned; 


NC not concerned.) -1982 1982. 1982 " :1982. o1982, 1982- 1982 . ", 1982 : 1982"

i -/ 1985 " 19a4 L 

c2:, Csdrn-concened;1932'o cor ntry s 1982 "1982 '1982 "1982' 1982 1982 ' 1982 A A~1 9 8 

whole areyou woried or 
 I 
r i "cocLbot: ClNC C/NC ." C/NC C/NC : * :"'C NC. C/NC CNC ''CINC

a 
/NC ;C/N0C C/NO : ClNC C/NCi',l i':!Poutonenabfriesadlae 57138 72A27 82114"43 65/33 60132 68/31 78/20 34/66 8211' 76121
-8414 

a by 
5938 77/21 76123 4/15 65131 71/, 91/8 8514 7520 86/11 . 76/23 t94/5mage caused tosea life AGemn . ' " ' A A r e "181/18 nited 

fromoil Biglageium59/3674a25 / 78 73/21 al78/19'X 85/14 'a Kiotankers r Rep69/30 g 86/12 'x
PosAl Aart'schage in th 51/1 7/908 5440 69/24 53/32 57/9 7i2 18/8 52/6 587/56139 791 8 17919 81/175 1/7' X32 02 188/4 32 31 41 11 

60/35 E5/32 7 42 584 81 35 72 5360/37 87/19 

Aiurwaepoion view? 62/3 69127 75/21 81/14 ' 4!16 70/28 74/22 . X 85/12 1/885/12 86/11

egie t Arort 26/70 12/8 198026/716A 2647: 59/38 7212417/83-25/777/20 9 158 0 :_; 128 287 2/1";:+: ' .. 79/171089 ' -- 6312027/22516 63/-/6 4,/6 /69 '2/6 5/84 6- 11127 89/8 86/111 73/19 -1/8 ' 93/5. , ' 80/15 80119 pr oac otssniopmentspaenDipsalof nuclear' waste : 1287 '' - . " . . . . ' . , ._- i177/19:i!; ii..
::..
:;' ';i ' 65/28 68/33 ,72/22 '72121- :54122" 66/29 67/24 ' X ' 83/14 '"Pirt A hul be 21/76 " i- 8610.: 86/11,9/7 1189
4/o 17/8 306 290 1' 3 X/9 3168 153 

r .(cdrain, transboundlary river 54 /38 ; 66/28 .' 71/25. 78/17 " 54/27 '61i31 64/29 x 89/10 .o" .:75/20 ::!:'xflw,etah)" C - 1986 x,X.x... X X- x:X , - " X :: . .. .; : : " 
-' : : x ..1986 1986 . 1986 1986 1986 1986.X '.1986 x ..1986 1982 ". ! :;1986,":::;x .8 ..A 1986 1 

Aoncernedto byma5: -compInbuCNC3, ore generally, are you woried or-.:: /No C/NC Ce/NC /No YNo YNo /Na Y/No YNCo"- '- :' - " ': ; .. No C N /No/:.-m-- ,_---.,,,.
 

Aepn OtAe ' 21986 198 198 198 186 198 198ndanma lat 198Ex Iintin f 5/3 120 198 198 198 1986/2 68/31" 75/19 ":"8/2 ""5642: 70/28 128 7581118species,:,: ', : ;? 60/35. :76/23 83116 :57/36, 73/2 55/42 85114 i 81/..18 73/19' 86/1"0 79/20i'i < .;,
Thledepletio)n"of 6,T32': 72/23te worlds forest i68129 i."6712 / 59128 "55/43 79/19 "i28172 642 '.' : i : :\'73/25 X:!i:iY 

2 reesourcesCosiasa9b7AJn xderingyourcour xhe wo.: 5 6/ 13 2 64/33 -,70/28 5/3 x3/8 2/1x A 7/31 6/9 ''/ 1/2 77 A2 

3 h0 aeowrreo
 
:climate due tocarbon dioxide 5..:.3/4272J2 6533 !, 73/24 ;-: 59/28 i:,64/33 791613 7/6 76 7 702
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Belgium 
N, 

Denmark France 
Germany,
Fed Rep 

, 

Greece 
. 

Irei 
I 

tydItaly Japan 
Nether. 
linda 

~ 
Portugal Spain 

United Untedi~~ 
Klngdom States 

5:.5Sometimes, environmental protection 1982 
measures oblige industries to spend 
mnre money and hence increase.t... 
their prices. In yop oPnion which 
is more importan1? 

Toprotecttheenvironment 50 
Tokeep pricesu nder control 30 

1 sNots re/Donl1know___ 20 

1982 

74 

9 
17 

1982 

63 

19 
18 

1982 

54 

12 
34 

1982 

67 

17 
16 

1982 

34 

53 
13 

1982 

66 
18 
16 

f 

X 

X 
X 

1982 

72 

13 
15 

___ __ 

X 

X 
X 

X1 

X 

1982 

57 

28 
15 

1982 .; 

62

32 
6 

.. ' 

6 Do you agree with the following 
statement: 'Stronger measures need 
to be taken to protect the environment
agains potution 

1979 
1983 

Ys/N.
89/3 

1979 
1983, 

YesN.
9(115 

1979 
1983 

Yes/No
94/2 

1979 
1983 

Yes/No
68/9 

1983 
Yes/No 

1979 
1983 

Yes/No
96/I 

1979 
1983 

Yes/No
97/ 

-

Yes/No
X. 

1979 
1983 

Yes/No
953 

Yes/No
X 

-

Yes/No
X 

1979 
1983 

Yes/No
94/2 

Yes/No
x 

.. 

86/7 88/5 93/4 91/5 97/0 88/4 96/2 x 94/4 X x 65/25 X 

7. Here is a listot problems that people 1983 
in our country are more or less 
interested in.Could you please el 
me whether you personrly consider 
it a very important problem, an 
important problem, oflittle importance, 
or not important atall? 

Fighting unemployment 3.68 
Fighting against ter orism 3.41 
Protecting nature and fighting. 3.38 
pollution . . 
Ensuring energy supplies are 3.39 
maintained . 
Detend our interests againstthe 3.14 

..superpowers such as the United 
States and the Soviet Union . 
Tryto reduce the number both of 0.34 

* very rich people and very poor 
people 
Reduce the differences between 3.03 
regions olour country by helping
the tess developed regions or 
those most in need . . 

1983 

3.83 
3.78 
3.79 

3.73 

333 

3.03 

2,90 

1983 

3.77 
3.58 
3.45 

3.36 

337 

3.24 

3,06 

1983 

3.77 
3.36 
3.83 

3.4u 

321 

3.11 

2.97 

1983 1983 1983 1953(4 - v 1 nim rt.a 
(4 very important, 1 not important at all)

(Mean scores by country) 

3.79 386 3.82 x 3.74 
3.50 3.56 3.72 X 3.42 
3.68 3 25 3.56 X 3.46 

3.41 3.47 3.35 X 3.24 

353 2.86 328 X 2.99 

3.44 3.31 3.33 X 3.18 

330 3,05 3.13 X 2.80 
, 2 . ' 

, . ... . 

X 
X 
X 

X 

X 

X 

X 
: ' 

, 

-

X 
X 
X 

X 

X 

X 

X 

1983 

3.76 
3.66 
3.41 

3.53 

337 

2.95 

3.05 

" 
" .. 

X 
X 
X 

X 

x 

. 

X 

X 

SHelpingpoor nsi in Aftrica,,:South America, Asia, etc. - 2.78- 3.11'• 2.89 < 2,89 . 2.84- 2.68., 2.87.... " X 2.90-,' X X 2.73 X 

Strengthen our military defense 
againste enemies, 

2.66 
.6ble 

265 281 2.60 3.39 2.67 2,44 X 2.49 X x 3.15 X 

8 Looking forward over the next ten 
years or so, how do you think 

1983
Yes/NOB 

1983 
Yes/No' 

1983
Yes/No'. 

1983 
Yes/No 

1983T 
Yes/Noa 

1983 
.Yes/Non 

1983-
YesNoB Yes/No 

98313__
Yes/No Yes/No Yes/No 

1983 
Yes/Noa 

-
Yes/No . 

', 
-. 

Proresinscinceand technology
willhave allowed us to improve. 

.':,.::,.theswituation of the poorst 
countries 
The world's resources wiltbe 
used more thoughtfully in the 
interest offuture generations 
There Wilbe more mutual 
confidence and trust between the 
developed countries and the 
other countries than there is at 

50150 51149 
. ,. . 

41/59 59/41 

38/62 31/69 
" " 

,. 

65/35 

51/49 

42/58 

53/47 

,53/47 

42,"8 

66/34 

56/44 
... 

36/62 

68/32 

65/35 
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Famine will have lessened . 

throughout the world , 

The differences instandards ot
tiving between the industrial 
countries and the poorer countries 

ilt have become smaller- , 

International tdrsions will have 
lessened . 
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P liceies dn titution 

6l 4PubontEvi ena s l1979 86 cont)
 
<aBelgium Denmarkc France 

Germany, 
<Fed Rep Greece Ireland ltIuy Japan 

Neher 
lands Portugal ain 

UnitedUctitad 
Kndm Sae 

" erea rsoe tiindsoftearshich 
are sometimes expressed about the 

98243 198319 2 8 2 
18 

1982- 5-19 2___X_2-x 

9218 1

anof the world welive in Which of the 
flowing realy concern or worry W. 

Riseln crimeonsadterrorisr 
Increasinunemplymentasa 
ronsequence ofthe automa ionofjobs:6 

negca"of naturat lifeend the 
country I by poluion of allkinds 

:kinpain 
61 

76 

50 

0 
68 

72 
65 

48 

4 

57 
75 

7 

7 

72 
60 

69 

6569 

89 
73 

4 
48 

83 
60 

55X 

550 

X 
X 

X 

68 
, 

6 

X 
X 

X 
X 

X 

X 

Kingdom 
77 
61 

3X' 

39 

X 
X 

X 

( More and more artificial things~arecoming info the life we lead 
(traffic housing, food, eta) 

43 23 29 62 48 35 52 X 27 X X 19 X 
aa 

Riseintensions betweendifferent 
group insociety resulting in 
serioand lpsting disorers 

47 32 29 46 20 49 32 X 40 X X 46 X 

V ~ ' Critical deteroraliononinternational
relations 

32 44 24 51 53 25 32 X 25 X X 28 X 

Therisk that the useofnew
medical or pharmaceutical 
disloineies may severely alter the
human personality 

*26 

3 

28 24 40 30 32 30 X 26 X X 20 . : 

Prolonged breakdown insupplies
of oil and natural gas 

27 22 16 40 29 2138 19 13 X X 18 X 
S -nvason oyour country by low.

priced products from the Far East 
23 13 27 19 1 '1 23 14 X 11 X X 27 X 

Yur countrysiossofinfliuence 
inEurope 

12 17 8 23 16 9 9 X 6 X X 16 X 

- . 
A reduction in the influenceo 

Western Europe in theworld 
14 12 

7 
6 19 10 6 7 X 9 X X 8 X 

~., 

10. Which ofthe ideas or causes inthe 1982 
followinglistare sufficienly wonrwhile 
foryou to do something about,. 
even. ifthis might involve some risk 
or ging up some other things?

Peace 65 
Human rights '43 

;Thestruggleagainrst poverty 37 
Freedom oftheindividual 34 
Protectionoftheenvironment 33 

(Ourc1.ountry's) defense 13 
*Yourreigiousfaith i0 
Sexual equality' 14 

'a Unification olurope 14 
Revolution a*3 

Norke ofthes, _Pii~s 11 
1.Do you know it in your country the 1986 

-,. -a: responsibleauthoritiesareconcerned'k-1986-
I with the procin ofthe enironent? 
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61 
48 

34 

29 

33 

18 
8 

22 
7 
3' 
14 

1986 

1982 

77 

53 

56 

55 

37 

28 
12 
16 
14 
3 
3 

1986 

1982 

57 

38 

29 

31 

39 

17 
13 
17 
13 
3 
14 

1986 

1982 

85. 

59 

54 

60 

48 

44 
41 
34 
21 

7 
5 

1986 

1982 
- -

45 

41 
38 

26 

20 

11 
35 
9 
4 
1 

.15 
19__ 

1982 
-. 

76' X 
40 X 

43 X 

34 X 

26 X 

23 X 
21 X 
12 , 

9 X 
3' X 
3 X 
98_98_18 

~ 

1982 

68 

54 

34 

34 

40 

9 
15 
19 

9 
3 
6 

r.. 

X 
X 

X 

X 

X 

X 
X 
X 
X 
X 
X 

. . 

X 
X 

X 

X 

X 

X 
X 
X 
X 
X 
X 

19886 

1982 

58, 

44 

37 

42 

36 

28 
15 
14, 
5 
2 
6 

1986 

X 

X 

X 

X 

X( 

X 
X 
X 
*X 
X 
X 

' a 

.are doing an effective job or not? 
-

They are concerned about it and 
it's eflective 

14 382'0 2 9 1 5 1 

V'a '' 

tly.e.o ou. thnk te uhfoniespecn X' o 23ala 3rqet 0oase 23 ' 9 6 X
13 

;':' 29 
:' 

12
.: 

15 
: :: 

:, :r ' 15 

They are conicerned about it but 56 44 49 51 42 48 54 X 55 36 32 4iits not effective 
. 

They are nolconcerned about it 16 5 7 13 10 28 is1 X 4 28 29 23 
Sources: Commission of the Europan Cornmunties: Gailup Pol; Harris Survey; Opinion Research Corporation; NBC News/Associated Press; and national, sources,Note: Altfigures are percentages excojpt those for question No. 7. a."NC" or "No" includes people answering "Don't know,"
0 -,zero or less than one halfof one percent; X - not avaiiable or question not asked. 'Foradditionalinformation,see Sources and Technica lNotes. ' ' 
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Policies and Institutions 

Sources and Technical Notes 

"hble 26.1 Participation in Global ,A (Conv'ention for CHitxration i (i , U.S. Ali) Phase II Enviromental I'rofiles list: 
Conventions Protecting tite 'roitection and l)e'eltouilet it the Int-ritational Institute torEnvironment and 
Environment, 1986 Marinte ;ditt Coastal Iiivironmteint itt Development 1ltl)). Washington, D.C., July 

it West tral Africa IM96.and Cetci Region 
Sourcesi: niiiteid Natiois Enviiriiiit't (1981). Conicerniing co- tFivirontient R6teports: variousP'rotocol 	 Statllofithe 
lirogratntio (UI-t'), "Kn\viro tlul kv, ill olperation in Coinhating l~tflution iln sources. 

the Unitd N;itiounis I']ivihoiiiieiit Programmeit-'' Cases (itl-nirgency (19S1). Foreign IDisaster Assistanice Repirts list: U.S.
 
(1Nl.1', Naimhi. 1985): uizpubhdilied R Regional Conivention for the Ciinser- of Disaster Assistance,
dita (U.S. = All) (ffice Foreigl 
Itlpartitnit if Slate, Wishingtt. I)('.. aliti of Ite Rtd Sea and Gulf of I ctober 1986. 
Novitmter IM) Aden (1 82). l'roticI ti incerning Statistical Yetarbhoks. U.N. Statistical (Office, 

'NH!'s linvironint-tiial Law I'ilt maintains a Regional (Hleration it (ombating Directory of Eiin'iriownet Statistics (United
 
Rvgisttr o r If Tbeie, anod Other I tllitio hy ( )ii andI I)thr Iarnful Nations, New Nbrk, 1983), and other sources.
ituunl 1) 

-etvtni'Ints Iii fhi litfi of the !f.'iiiniimltt, ibstalities ill (ast's ofi 'Fnergticy Environientital Statistics Rtep orts list: U.N.
 
which suianinis tlh atonteiit 
aind current (1!182) 	 Statistical Office, New York, Novemther 19185,
ill n,"hi l status of liloit, thanll) uiti- SI.TI -Ctonven~tioni for tht- Protection (if thiv anid other sources. 

lilat'ral 	 coniiv'eintions aid i li Marine and Coastal Natural Resources andprotocls order to t.]iivir itinieit Regitoiial Reports oil 
prolltte tle wider a;t't'it't, and o it Area tille Soitiheast I'icific (981). tlit iEnviroientit: (Organtisatio for E ctOiic 
txisting iiitrioniiaill legal inltwiits 1w Agivei'it-it iiegioiial Co-operatiii (oiliii alld l)evcltpiietit (OCI)), State 

>gov'erntimtents, tiel- />gistet is Ulidat'd ptriodi- ini C2omiblatinig tliiin tit if it ieOuth- of the Ent irolwtnielit ItlEl1), ,iris, 1979. 1985); 
cAlN atid st-ilt to itnicoitr ctitintries foi east tarotn- and Cttitmnission,icific 0)"' ()il aid (tIle U.N. Ectonomnic Comi;ml tr 
review. Tht comltt' litis ot flit Cases iof Asia aid thetit( conventions Substances iti .ner- ,iacific, Shift' of the l Iii'llWilllt'll/ 

and treaties suiinaritdti '!'ifl 2; 1re: getcy (19811. tipplitt-lary t'ritlhi'l Ii Asia til fud' Iltcific (Uiited Natioiis, Btaig
. ('illtfeitillioil Wellaids of [hihlial ,il to the A.relliti-tt oil Regitonal ('o- kok, 19841: Irigraii ftr interiiationial IDevelp

Ipilrtati-l' I as Wi'iihwoI Itahi- iiperatioi in Cutoittiatinig 'iilliitiiitut ilielit , 'niible Resoeurce iTrenids in Eastjst'ciill 

tat (itinsar, 1971). llte Southe-ast Icific liy()it aid Ahica (Clark University, Worcester, Mas
(Coti'eiiii tie Prott'Citii 1U.S.
2 n. Ciih'riiil itf (Othter Ilarnintl Sulistaltces in ('ases saictnsetts, 1-I); All), Iltireatu ir Africa,
 
lilt, World Cultunral Natuirilt lritage t (it1-t. foir A'ttrol R.sources ald
aniid Fielte 83) Irotctol tte nlv'ironmenital (n
(IIri, 192); Prtection iit tie Southteast Ici it • o'rns Ill .'oh~lbSaharu Africa (.S. All),


3I. ClmlV,,nlhi oiteyrialil~lal 'Tadet iti against Itliolllin frontl ILild-Ba'lst,( \\'tshhlnhtl, D.(2, 1986l); M.I Dourojtanni, 

I iiiaigrtd Species ofit Wild 11illla antd ,Sources(I1831), Renea'blae Atirtui Rtisolirces of Luatili
 
Floraia WIishiiigt ii, I).C'., 1!9731: Cunivenitiioni or tie IProtectioin ald Anier, a and thi Caribbeat Situatiitn anid
 

.I. Coiiventioin oit tti- Cuoinservationi of Migra- )evelile t the Marieie Eivirin- Trends (Worlt Wildlife Fuill(, Washingiton, ).C.,
 
tory Species of Wild Atitials (Boiin, 197": inet tit(he Wider Cal-ribean Region 1982); I1El), Alotnral Resources no Economic
 

Coi-
5. ('onvteiitionlioIth I'rtivlireeni oft Marin e (1983). Prottocol Ciontcernintg l)u'ki'elopmiit'H ill Centtl Ami'rica (lIE), 
lllhtiiin by I)ulnliing of t,.Wstes antd O ther operation in Coibating Oil Spills in WIstiirgtai, I).C., 1987).
 
Matter (IliidOiit, MiXitO Cit, MOSCOW, the Wider Caribhai Regiiin (1983). INF iITRRA tirticipants list: Utnited Natiolis
 
Washiigtiho, I.C.. 1172) I = Prot' cloncit erniigi Regionmal Cuo- I-ivironinient Prigramiiie (UNIT), Nairobi,
 

6. Priotocil of 1978 Rtatiig t the Interi- operation in Cmibiati Iig li_ 	 1986.tliti l)eceinmher 

tional (C2nveittiion fIor the Pre\Vltil Of Oil aid (Other Ifarrilu Substances iti All) Phase I prolfiles are cLomilailalitns of
 
'ittlutiuali trom Ships, 1973 ([1,itdoi, 1978); Cases of i Etergetcy (1979). Kuwait information based oin a search of published
 

7. 	 United Nations Coniveioioil ii lhe law of Regional Coiveitioi, torCo-operatini literatire. Phase 11profiles are hased oil intre 
the Sea (Motitego Bay, 1982); 	 ot the Protectioin ot the Marine etenhsive field studies, iOitetn written itt co-

S. 	 Treaty Bannii Nuclear Wtapo 'isls in Eivironmtii i;oili IlNltutitio (1979). lahuoratioin with tlovertitneiit iistiiniis or
 
the Atnosplhere, ill Outier Space, arid Iforiation oil o ilenulihr it Natural talontov ,er I!
hoal IineL-ial orgaiiizations. Phase 

tndo Water (Moscow, 1963); World IHeritage Sitesaid Wettlands of Intertia- profiles are comparable to state ot the
 

. Convention inot Prohibition of the tioal Importatice is tontaitied in Chapt-r 21, environinent relports in scope aid detail.
 
)eveloptient, Productiin, aid Stockpiling "Wildlife and Iabtitat:' 'lable 21.1. See Chapter INFrERRA, the titernational Referral Sys

o)f Bacteriologic-al (Bi.llt uical) atid "it)xi 18, "ind Use anid Cover,'liihble 18.2, for t-ti tor Sources of Einviroinnental Inforiiation, 
Weapois, arid oin their Destriictiin (Lon- additional iiforiniation oil other internatinally is a network ot nationial ftoal points
doll, Mtscoiw, Wishiigton, I., 1972). important wetlaids. For iltrornatiin oil treaty intortiiatioin centers-established by UNEIT for 

Siie of the symbols used to indicaie ratifi- terims, refer Io Ire sources. 	 tile exchange o eivironimental information. 
catioi of at Regional Sea convention det:ie At Iresent, INFITERRA focal points are 
ratificatioii ot several related ctoiveiiiians aiid Iocated in 127 coutinries, including 1(13 
protocols. The full titles of Regional Seas coli- Table 26.2 National and Regional developing countries. The systein handles 
venitionis and the aibreviations use(] i tilhe Sources of Environmental Infor- about 750 inqutiries per nionttih, imiostly relat
tIa areCole trelow. mation, 1986 	 ing to tecnlogy, chemicals,listed 	 pohlltion control 

1 = 	 Conveintion for the Protection o tile atmnosphere and clinate, envirotmental 
Medilerraiiean Sea autainist itllutiomi Sources: Natial Coniservation Strategies: mnonitoring, and mtanagemiient and planniig. 
(19)76). Protocol for tte Prevention oif Internatioial Ution iifor Conservatioi o National Coiservation Strategy reports refer 
Ibolution of tie Mediterraiean Sea Nature and Natural Resources (IUCN), tIo docutients that have been prepared in sup
by Duipinig froiti Ships anmdAircraft Nationual Conservation Straitegies. A Report to port ot the Nationlal Conservation Strategy 
(1976). Protocol Concerning Co- l)evleloppment Assistance Agencies on Progress prigrain. Somne are endorsed by the national 
ol)eration in Conlbatiig ItlttitiOi oh and Priorities tl PlInnitng for Stustainabh governients; others are not. Countries with a 
the Mediterranean Sea and (land, 1)" notation ("under discussion")by ()it Delehoprnenft (I.JUCN, Switzerland, have 
(Ither Harmful Suihsta'ices in Cases 1983); aid IUJCN, olbrhlConsert'ation adopted or endorsed a National Conservation 
of Emergency (197(i) Strategy int Action, Bulletin Supplement No. ,4 Strategy plan of action or have sone other 

ML = 	 Protocol for the Protection of the (IUCN, Gland, Switzerlamd, 1985). involvemient with the program. They mav or
 
Mediterranean Sea against ]b)lhitioi U.S. Agency for hIternational De\velopment may not produce it published docuuent. For
 
frot liutd-Based Siturces (198(). (AID) Phase I )raft Enviroinmintal Profiles list: miore detailed itifornatioti oi [tie status o
 

MSP = 	 Prolocol Concerninig Mediterraneatn Otfice o Arid liund Studies, University o Ari- National Conservationi Strategies, see past 
Specialty Protected Areas (1982). zona, January 1985. issues of the IN Bulletin Suppleennt. 

',,t"~ 	 e,ouceu, 1987 
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Table 26.3 Official Develop ment 
Assistim ore, 1964-84 
Sq'iUl'-ee: (ifft iii lt-s,.Itnljtittt-it .\ ssisfuit t-

(lfit' JHsit/ 192 tjl /1.5/ 195i£-t( (111)~.lthlIlni 
rlul .ls itik, W i I I tlI.i t hfi)+[)t-i.'t'hi lin~,it tx'll t((i. ,) am-(+i.;l /lt(il-ti), , 19854Api-t1i t ,oli I,t lt- itI , ')1I

Iiim llst'ul< t ( (la ,i l- . lh,/s.( ,l9Mil Li(issi's i' tt ,t'i itl 1itt ( 'sIiii ((W (I).I,t, llfsitull 

Bortssul.s. 181 1J82, 198,)., mrvt'yRestca'a, i 
('iluthitsltit i iioiil (,Ri I),1hit .t ,0u 4trgl i'l immitfi) lI hll(bl 01,11itl+ll, 1.!"83,I ,'4-o ju(l1"i"+/+Y"+ (

( 
Iit't'iiiuttttl\

l't-s, t(tti;It ( iil 

ju(t1,ilit lt. ,Al1t'iitV i t'oblt I )/ii lit/t) ni 
Iiiuil t ll t' t t iiio. la 1 h )If); It'w , ltkI. t, I 9()il i+l -tI fl t-s t'lI h., t l '~ in hn ,ii (i llt'lI Its-l 

+'it!),+ htn tttii.iJiul,It ij . t'.t),t-it o lt'tl +titit, t ' lit kt ,rrs1 i ),tult l I o9.it r il 

Mxlih,, I w, d like, It, find out litow, rtlied 
tort'(+rititl yN u att alnittt ,I i(lll)tr ofpzolehllisI, [ tll) g4ilig 1to llt-litio)n-a gre~att-,. al ai)r aill)ilti llid xtry nlutlIi. or fitl ait 

,tttl (1!i5 t'illS t(IItii l 'i ou stuill iter 
olt+,t v rilt. oliot ittli aro tloll rt, a ta*ltl k -i attt'i a'll\inthsll tify' p ' (- 18'IS+Jc i twIl o it t li t' ith i tsc t+p(t-tititl 

antiit I,t ul youlrt' ' sflltlit ' aitr otlith al We ttthst u tr . | raf(l1 

Ilopfbli)nsht'dtdatii(t(ifk . ) ' 'fs, itaM)) t)i, fill) "l'lI\lf o lt)I,ciolo-lietilitil' utoti  to youl frftte., g(till ingo (liet it statitIliIs abioutNat ionl t t. rli t t s it,1 i tt luii1978, 1986), Ii tuis o"i tt t (ki-tl t ! 1ll 'itt -"ttiUi! i t l hit it/-tIi 	 t(ifirlis li ttl l (I htIlti ii-iti 'tt'ttip lt' tt l aIipitiolut 	 sIit" t lAtlsjr-titi firP6 	 di utitti 0it-'uoilt- 1rld Bai k.t ' 	 it"it.tf lhI'ftt ' , a sftineiittiift I titlft 	 'ielit stit'ss tititl tunesvjll nl) iriimlll rnu al ititiif,5. Sits 	 i nrd' r otl i's ltiit'iif(1111(lit' t-sfsIi-s\t'h £tpi~ti-ftitiS tt-ltt 	 t A 1985. i-M22. ~ t 2),t t-ws.-Ass,tt-tt-',llt - ft'%%AsittOItI lt i (Isisfiit l.y "l.i 198atttlit fNmf lu fit (t2.)ttll i~tstt are,irobowiitnialit'h . viitiil.tilstit ll awfurt. wt h thandwt ny at t. )-liinorN olttit! l(i(tj al ( -I ) iI, ti'. llt ilt!t'tlII , t ittt.it t ltt'sfiiiit2l, iijo allr it' t l) t ,'ll he f i ruck ai ,t- r l3r'WitIIItl .-. t iltillitI dff islsf 
+

iitI lli i 't itiiii i t itu.titrlN usat itle. itits dii.t t iiilkl u'llt Nt gre "fi l tleorustitirilt tII, aid t i t i ),t(ittfitt'i .,3 .f iti t tl £it llit' Wlit'lt i til t s[it lt hree i utuit'tlIl-It']) ... \ t I'+hll fit itt, i tfiitsfttt,1iilit lit] l l iii 5I' Iattitt s r tititi if itt-tI il flit' sittll it It'Iirit f al )rli i fu trfo eclloi i rridi tiltlitr siu. m it i t t t iii I i' titilttl- lIt'11l ts ti2li', ,rill l t't s so i I titi 	 ,t li t ellllt-s yt)ir l twef Ivlitiiokug' r)lA 
(I lat Itr f tttitit(, t Iunit.q t

lJ~+ lt~t(Iit , 
ti ts It l) i I it tittiit-ul +i fit titisi Ilrls-lt tit\t,th +~tlt+ d~tl ('l~t~lilltcI+ .[ ol'I£It, 1 a t 'l 

flit Id 	 (The ititl ti( Publ i 	 f Ikt5lSihilli)ititl ii, t tt t , f 	 & o(l , ll,, l/ m m~s lthatli ul+ butsu.l us pr 'h.- Itt. t i us ' I t.+\,t'it' 	 'ful t W ilt) g'PIl lt a+tl t' e ih t ittilu' tr'lI tilll -i i iitic t w l "i irtlli*Id git- trf evellntai f 
Ir'llt 1 S1(lt j ifsll iu - itI ,IttII t' Il ltt '. 'di I k 1ic Alitiot lt jituIpe n t r1l Ilt ,IS~iRare ul)+,il it its itiht' Its ill 	 a 14 r onded 

iPtiit*fft't- t)l flitf 	 i-t wWt' Itltrt tt , ,tat l , t'' i st' i ttilt( S ls'l 	 tIelliClls(I s d, r ry.liti t Il t-¢t t titit l tO~tI1	 sIll 10c ifl IIVt r~t lltitin. 	 th.iii ( atpl ii hiis t-iif,itti i tifl rvst hi ru'ill i(s svt'teit-is itt ( . I ( it',t f it k t til tist i - f 	 l t spu e ially' 	 ciif lt i8 I5-1 p t'rii trifilt ltt I-- t \,I I the a s'.iiiei 	 ds,r tilt ui ttIIial uist t its ti(IIiii (( t: t(! lr 	 h s i ts i an 1, l)11ttfii-oill( t ,l iI J ll)lt p t'l 011fie 11 qtiis o Il dlt irlirtl+ frittut ' t~Itesf.l . ll flit' -	 glttist ir hi"It' illl-(Mftfi(Il'tfiittifits tn~t~ ttt tti tiifitd ii t s 	 ( l lt s tlain ' by the ulle 
.l . (h ar Sumt 	 awTablet(2 ,t 	 ttittfitt- H ill t' pilt 1,tiit f l lto I lt' ( I t a 	 fI itt-i)ifal p bets l f l wt er atfSl'l6 PVil o Xi',itial i'sli 	 acithradL.].nrisI ild ankd t11i fllts It'ItE vt. oz,n tla])t( , Ii l l9-8 (it. ,for it.thI -- W ,t lit- l itsl.- I l rvitui  i)i lt- ly.(l o ufatiIlle t' i it)hr Iill is toeirires.' Ciitu]isst .itiitl fli I stpi til tltniti 'Jititt tlvs-tr uti a tlli A. t tir ittrif t , epdIt(Ig i l 'iSr i(tltushri Iteod li in ltt t's ti. it/ u iiiilt' 'sJtult lt odi/-/ talt t lflit' fil li ,ii'tp,t l ft'fih rmd fuituit t l' a l21 14 tpt st i]'hy irta ked it a
 

tltit-itlti tI t , i l i iii~ liit \r 
 ttilh th,ifa i itni\itfli titi,+, iih+mlttittir, ( .bt 9'it ttit'i-l'aera M(Iffittot]J x u( 	 il e}(tt o thi gr tfwlc soil t (()DI id)) ) t.he l 
tiat 

plot11~i 1 t li (++,l\+t t(', i, Dl++,lilldhoul 1W~l( ,ll(Jd 	
iiay's have 

th 'Ililleit. Ay()n at ithing cm~a wre llrowedou 

I i i-ll'l 1 .('I/;,i itit ls t i , f82)t(It.l,it-til totd mp wll. c thitvitil( t, 	 ullt'ailtnl Ifsitt) I CtIt it. tri , p lilf ti i itilaiit its it 1/11 	 stl t la ain leirsur l r lsuto t, l t Nat 	 itlc fitI A /ifti lit ' til)!sin stlIe f I es e rfaid1YllCli- tt I ' ,i-lallsl 	 ef'riffui so ir sti wh l'tt-, tutlu rlititthsullI ll rill stl t tihel li n 5.lt -th vi +:ll e nt t ley.t ilWhaf 
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The International Institute for Environment and Develop
ment (lIED) is a global organization, established in 1971, 
to further the wise use of natural resources as necessary 
to economic growth that serves basic human needs. 
Inspired by its first president, the renowned British econo
mist and humanitarian Barbara Ward, lIED has made sus
tainable developmeh, its guiding principle.

IED's programs include policy research, information 

and field activities. The Institute draws its staff from 
around the world and operates from offices in London, 
Washington, and Buenos Aires. The work of the Institute 
reaches from forests and fisheries to the overcrowded liv
ing conditions in Third World cities, from the Antarctic to 
the tropics, finding the means for renewable energy and 

sustainable agriculture. 
All IIED's activities ultimately concern development; the 

process involves working alongside the people of the 
developing world in partnership with them. ilIED's 
research is rigorous, scientific and pioneering. Its origins 
and applications in the field come from direct interaction 
with nongovernmental organizations as well as public
policy makers in the developing countries. The objective
of the lIED process is to enable its partners to become 
self-reliant and to improve their livelihoods on a sustain
able basis. 

IIED's Earthscan information service publishes books 
and articles that reflect the concerns of the developing 
world. It provides nongovernmental organizations in the 
Third World with an information network linked to their 
specific programs and offers them technical assistance. 

lIED is funded by private and corporate foundations, 
international organizations, governments and concerned 
individuals. 

368 



The World Resources Institute (WRI) is a policy research 
center created in late 1982 to help governments, interna-
tional organizations, the private sector, and others address 
a fundamental question: How can societies meet basic 
human needs and nurture economic growth without 
undermining the natural resources and environmental 
integrity on which life, economic vitalitv, and interna-
tional security depend?

The Institute's current program areas include tropicalfe 
forests, biological diversity, sustainable agriculture, global 
energy futures, climate change, pollution and health, eco-
nomic incentives for sustainable development, and 
resource and environmental information. Within these 
broad areas, two dominant concerns influence WRI's 
choice of projects and other activities: 

The destructive effects of poor resource managemcnt 
on economic development and the alleviation of poverty 
in developing countries; and 

The new generation of globally important environmental 
and resource problems that threaten the economic and 
environmental interests of the United States and other 
industrial countries and that have not been addressed 
with authority in their laws. 

Independent and nonpartisan, the World Resources 
Institute approaches the development and analysis of 
resource policy options objectively, with a strong ground-
ing in the sciences. Its research is aimed at providing 
accurate information about global resources and popula-
tion, identifying emerging issues and developing politi-
cally and economically workable proposals. WRI's work is 
carried out by an interdisciplinary staff of scientists and 
policy experts augmented by a network of formal advi-
sors, collaborators, and affiliated institutions in 30 coun-
tries. 

WRI is funded by private foundatio-s, United Nations 
and governmental agencies, corporations, and concerned 
individuals. 
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