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PREFACE
 

This document contains the speeches and biographical 

sketches of the participants of the second series of a two-part 

seminar series conducted by the School of Engineering of -loward 

University during the 1973-74 school year. 

-hese seminars were made possible by a grant from the 

U. S. Age y, for International Development. The report of the first 

series rf seminars given under this grant is contained in a separate 

volume. 

The seminar program was under the direction of 

Dr. Percy A. Pierre, Dean of the School of Eng.ineering, and a 

former member of the National Academy of Engineering's Panel 

on the Role of United States' Engineering Schools in Technical 

Assistance Overseas; and Dr. M. Lucius Wa]]er, Jr. , Associate 

Dean of Engineering. This report was prepared by Mrs. Leatha S. 

Henson who was also the coordinator of the seminar program. 
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INTRODUCTION 

During the 1973-74 academic year, the School of Engineering 

conducted the second half of a two-part series of "Seminars on 

Technology and Development in Developing Countries. These serni

nars were made possible by a grant from the United States Agency 

for International Development. 

The purpose of the seminar sei es was to examine the process 

of development, the role of technical assistance, and the application of 

technology to the needs of developing countries, and thereby generate 

greater interest in the problems of development on the part of the stu

dents anc faculty of the School of Engineering. An attempt was made 

not only to examine the beneficial aspects of technology, buit also to 

assess some of the possible detrinental effects of technology on 

developing nations in the light of the experience of technologically ad

vanced countries. It should be noted that mnost of the speah~ers also 

addressed themselves to political, social, cultural and econoiic factors 

which provided an essential background for understanding how -arious 

technologies and approaches iright be applied most effectively in the 

context of these societies. 

Howard Un iversity" is unique in that it has the largest Washington 

area enrollment of foreign students from the developing nations of Africa, 

the Caribbean, and the Middle East. A significant proportion of these 

students are enrolled in the School of Engineering. Thus, this series 

gave both the Am erican and international students, whose engineering 

and technological k-nowledge will be applied to meeting societal needs, 
the opportunity to examine some of the myths and realities of development 

as viewed through the eyes of experts and scholars. The presentations 

also delineated some of the areas where engineers could make important 

contributions to developm ent. 

Since the series was also open to the Howard community and the 

Washington technical assistance community, it offered an excellent oppor

tunity for individuals with similar interests to meet and exchange ideas, 

and through this cross-fertilization, thereby add to their uinderstanding of 

the interrelationship between the goals of dovelopment and the application 

of technology to the realization of those gcu-.s. 
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IMPLICATIONS OF SOLAR ENERGY 

Peter E. Glaser 

Solar energy has been denigrated as exotic, as impractical, 

as very costly, and at best, finding applications some time in the 

distant future. We should not be prepared to accept this point of 
view. I believe not only that solar enercgy will become our ultimate 

energy source, but that it will be an important source of energy in 

the near future. 

Energy is the most important ingredicnt in our economy, and in 

our day-to-day lives as ve are discovering during this energy crisis. 
Looking at the events which led up to the prescut energy predicament, 

we note two things: first, .,e cannot divorce energy frorn the environ

ment; and second, both have to )e considered together as w%,e try to 

meet our energy needs. We need to recognize that we are really dealing 

with one large energy system--the Earth- - and in that sense a]l 

countries are interdependcent, whatever their level of industrial 
development. 

People have recognized the importance of the sun from time 

immenorial. The Egyptians, the pre-Co] ombian cultures, they all 

recognized how closely their lives were tied to the sun, and thus it 
is not surprising that thy worshipped it. Although we do not nov, 

worship the sun, we cannot help but be aware of its iniportance., But, 

do we really understand the magnitude of the sun and the tremendous 

source of energy that it provides us? Do we realize that even hy the 

time sun]ight is filtered through the Earth's atimosphere, we still 

receive about one kilo.vatt per square meter, or roughly one horse
power per square yard? 

As an energy source, the sun is all pervasive, it is available 

to all nations. The difficulty lies in collecting this energy in a way 
that permits it to be converted efficiently and economically for our 
Use. 

We have always used solar energy, whether to dry fertilizer in 

Chile, salt in Utah, or fish on countless sea coasts. We use solar 
energy to preserve the fruits of our harvests and to maintain the 
quality of food available to us. And we are beginning to use 
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it for applications where solar energy is being converted to heat
 
or to electricity.
 

The United States has had, and continues to have, an interest in
 
helping developing countries. The solar cooker is 
 one example of
 
that interest. Although we used to say: "We don't need 
solar energy.
 
After all, don't v,e hiave oil and gas and coal?'" We have tried to
 
develop solar cookers not primarily for our frivolous uses, but for
 
India and for other countries. Yet, I suspect that people who want to do
 
good for others are--perlaps unvittingly--doing good for themselves.
 
For exanple, in trying to10develop solar cookers for others, we found
 
that we had not done our homework well enough. How? Well, in most 
of these countries the people work in the fields during the day and
 
have coniunal rmeals at night--and we found out that it is difficult
 
to change cultural patterns. Today solar energy is being used to some
 
degree throughout the world. Let us look at some 
typical examples. 

One quantity that is absolutely essential to life is water. Solar
 
stills installed on have been water or
islands taking ocean brackish water
 
and producing fresh water--thus allowming the people on that island to be
 
ind ependlent of rainfall. Such so]ar stills have been built in many small
 
COmm11-im111[itios around the \vorld. A solar still is efiective when used by
 
any comn-iunity which r equires about 10, 000 gallons of water pec day
 
or les.s. Larg 
solar stills have been built in Spain and Australia, for 
example. Solar stills are simple to construct and to operate. Water 
is allowed to enter a basin covered by sloping glass panes. The sun 
heats the water. The water evaporat:es. The evaporated water con
denses and forms droplts on the glass covering the still. The droplets
 
drip clown into a collecting trough, and the fresh water is collected.
 

Solar1 energy is also used to heat water. Solar water heaters 
have been installed in villages of New Guinea, India and Japan. One 
such solar water heater, made from plastic and costing about $10 has 
been vid ely used in the villages of Japan. It provides from 20 to 100 
gallons of hot water for use at night. Millions of various types of solar 
water heaters have been produced, not only in Japan, but also in Australia, 
Russia, Israel, Some models haveetc. controls and auxiliary heaters, 
for use du!ring prolonged cloudy spells. Some of these cost as much 
as $206, but still wouldlbe within the purchasing power of a middle
income family in some of the developing countries. 

The next step is to use solar energy to provide heat to a building.
This can be done when a solar collector is used to convert the sun's 
rays into heat. Such a collector consists of a blackened metal plate 
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protected by one or two glass panes. Air, water, or other fluid 
passes over the heated metal plate, picks up the heat and is then 
stored in a storage tank from which it can be withdrawnq- to heat the 
building. A solar collec-or on the roof of a building also enables the 
user to store hot water for a period of several (lays of inclement 
weather. Auxiliary heat fromn oil, gas or electricity can be used 
to provide heat during an extended cloudy spell. 

The heat produced by solar energy can also be used to cool. 
Although this may seem a paradox, one need only rnlemlber the old 
gas refrigerators which were used some years bacl-, vitho-at electricity, 
to produce cooling via absorption refrigeration. This technique- -very 
important because it requires no other power source--makes it possible 
to use the sun to refrigerate food in extremely hot countries where 
electricity may not be available. 

Solar systems can also be used to heat a building, in winter, 
cool it in summer, and provide hot water year round--today. The 
only reason such systemns are not now in general use is tl: .t they have 
not yet been engineered for mass production. Mut I believe that in 
three to five years many of our new buicldings will have such systemls. 
And for us, as a country with linlted energy resourc es, it wi I]I be 
just as important to conservc energy as with the hot water heater on 
the roof of a New Guinea hut, 

One simple way to use the sun is to construct a special. roof 
which can hold a pool of water. This water can then be pumped throumgh
out the building. Depending on the need--in accordance with the climate, 
or the season--one could have the sun heat the water or one could cover 
the water pool during the lay and allowy it to cool during the night. The 
latter technique would a so allow countries without electricity to have 
comfortable homes even on the hottest days. 

tSolar energy has been used to concentrate the sun 's rays with 
a so-called solar furnace. Such furnaces are k.:novn to date back to the 
]6th century. In 1955, I constructed a solar furnace in Cambridge, 
Massachusetts, to conduct high-temperature resea-ch on materials. 
More recently, the lrench have built a huge solar fmrnace in the Pyrenees 
with an equivalent power output of abouit 1000 kilowatts that can heat one 
ton of material to 6000F. It uses a segmented paraboloidal mirror. 
Flat mirror heliostats fol]ow the sun during the clay to direct its rays 
into the focusing mirror. This furnace can burn a two-foot-diameter 
hole in a lhalf-inch-thick steel plate in 20 seconds--an awesome demon -

stration of the power of the sun. 
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Another manifestation of solar energy--wind power--has been 
used for centuries. In fact, we are now looking at various methods for 
wind fo supply power on a gigantic scale. There are already various 
proposals for huge vandmill systems in the plains' states and some have 
suggested that they be installed off the coast of New England. Regions 

where nonsoon winds blow are obvious locales for such systems. 
Electric power from offshore wind mills could be transmitted through 
cables or used to produce, through electrolysis, hydrogen which could 
then be used as a fuel. 

One use of solar energy whose potential is very substantial-
but which has only been demonstrated in principle--would be the use 

of the sun-warmed ocean waters0 In 1900, it was suggested that ships 
anchored in such ocean waters, for example, th1. Gulf Stream, could 
skim the warm surface water to boil off a fluid, such as ammonia or 
propane, to power turbincs. The cold water from the depths of the 
ocean could be circulated to recondense the working fluid. 

A central attraction of the Paris exposition of 1878 was a 
solar-powered steam engine that was used to drive a printing press 
which printed a newspaper called The Sun. In 1901, a sirailar machine 
in California was used to produce 50 horsepower. In 1913, a large 
solar power plant was built in Egypt to pump Nile water to irrigate 
agricultural laud. 

In more recent timies, other devices were dcveloped. For 
example, an air-inflaed plastic solar collector was exhibited at the 
United Nations C onference in Rome in 1961. It produced steam which 
could then be used to power small turbines to produce power for 
irrigation pumps. The goal was that it would be cost competitive with 
diesel engine power. In many regions, for example, in sparsely 
populated regions of Africa, it is very difficult to keep a diesel engine 
running for extended periods, because of maintenance problems and 
lack of fuel supplies. 

Another demonstrated use of solar eneray is the so-called 
solar pond--i. e. , a shallow pond \vhose sun-heated water can be used 
to produce steam. At the bottom of the pond is a blackened surface. 

Salt is added to the water to prevent convection currents, and then 
the hottest portion of the pond water is withdrawn to provide the 
power for steam turbiiies. Such ponds have been built in Israel and 
have been shown to be workable. 
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Finally, engines have bcen designed which are directly heated 

by solar energy concentrated on the piston. Through a therrnodynamic 

process, such an engine can provide power for irrigation pumps. 

In this country, we have recently rediscovered the potential 

benefits of solar energy. Now we are considering solar farnis in the 

Arizona desert, consisting of the kind of mirrors reminiscent of the 

type used in Egypt in 1913, to produce huge quantities of steair to power 

turbines to produce electricity. Using this technique to produce 1000 

megawatts (the equivalent of one nuclear power plant), one would 

require about 40 square miles of solar larm- -not really very much 

land in a state the size of Arizona. A power plant powered by such a 

technique in areas such as those which )order on the Sahara region, 

where there is copious sunlight, could spavwn and support niany local 

industries. This hind of power plant could be demonstrated in about 

ten years. 

All of these devices require some moving parts and someone 

in attendance. But 20 years ago, a completely passive way to directly 

convert solar energy ino electricity was developed--i. e. , the silicon 

solar cell based on p!lotovoltaic energy conversion. Since then, of 

course, we have learned a lot abort such solar cells. Now they are 

about 16 percent efficient. In addition to silicon, other materials can 

be used. Thus, solar cells made of materials which can convert 

solar energy more efficiently represent a longer-te rm possibility to 

utilize solar energy on a very large scale. 

In this country, we have primarily used the solar cells in our 

space program. All of our unmanned spacecraft, including Pioneer 

which transmitted information about Jupiter, use these solar cells to 

produce power. Skylab was powered cntirely with solar energy, We 

also are producing solar cells for use on Earth to charge batteries 

when the sun shines. They can be used for solar flashing buoys to 

make the sea lanes safe, thus eliminating one of the major proble.ms 

for many countries which have an active sea trade--i. e. , the tending 

of sea buoys to replace batteries. Such flashing buoys using solar cells 
onare already installed off the Japanese coast. Others have been used 

unmanned drilling platforms off the Gulf Coast to operate signaling 

devices. Such devices can now remain unattended for as long as fifteen 

years. 

One other very important way solar cells can be used, as 

demonstrated in Japan, is to power communications systems in very 

inaccessible areas, thus circumventing the necessity to lay cables and 

http:proble.ms
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wires. Such systems using solar cells to provide the poxvcr can be 
of great benefit to many of the developing countries which require a 
new network of conimunications systems. 

Since solar ce]s will always be more expensive than mirrors, 
mirrors can be used to capture and concentrate the required solar 
energy. Such concentrating irrors combined with solar cells placed 
in sunlit areas of a desert, for exanple, would enable us to convert 
solar energyto electricity. Even if these solar cells are just ten 
percent efficient, one square mile covered with such deviccs would 
provide us with 180, 000 kilovatts--when the sun shines. Of course, 
since the sun does not shine all the time even in the desert, some 
form of energy storage would be neededi; e.g. , batteries, water pumped 
to a reservoir or electrolysis of vater to produce hydrogen. 

To circument the disadvantages of generating power on Earth, 
I suggested in 1968 that we consider one location where we have sun
shine 24 hours a day vhethr the sun is shining on Earth or not. That 
location is an orbit 22, 300 miles from the Earth. in this orbit, a 
satellite solar p1e-,wr station would be stationary with irespect to any 
desired spot oil Ear:h. Such a station -\vouldl.use solar cells to capture 
and convert sola r e.lery into electricjty. The electricity would then 
be fed to ~ucro,,.ave gen erators in a transmitting antenna, and tln 
antenna Nvo~ild clir ct a beam tovard a receiving antcnnai that could be 
placed at aiiy c.sired location on Earth. On Earth, the microwave 
energy would he converted directly into electricity. 

Althouigh all this can be clone with the technology known to us 
today, it would take 25 years to develop a commercial satellite solar 
power stati on. This would mal.e available electricity to those countries 
which hav, le\v natural resources, for example, Japan or India, or sortme 
parts of Africa. The receiving antenna for the amount of power such 
countries won] l require to maintain the growth of their industry is a 
very simple installation, Furthernmore, thermal pollution on Earth 
will be a fraction compared t:o the pollution from power plants based 
on the rmodynamic processes. 

'"his very brief survey of some of the applications for developing 
countri 'S in&?icnte i4-1,'t solar onergy provides us with many options, 
many of 0,,n1 :;til l],oft unexplored. Dcvelpmnent of even a few of these 
options \vould 1,1- g way tovards solving most of our future energy 
needs. Working with the energy sources available locally to specific 
countries, they would not need to rely on importing today's major 
energy source--oil. 
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Stonehenge, the remains of a prehistcric civilization in 

Britain, is a marvelous monument which indicates the keenest under

of its particular astronomical characteristics.standing of the sun and 

Perhaps it also indicatcs that at least one prehistoric civilization vas 

extremely sophisticated in understanding its dependence on the sun-

something that we still have to learn. 
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AN OVERVIEW OF WORLD ENERGY PROBIEFIMS 

G. V. Subba Rao 

Thank you, Dean Pierre. It is my intention to give you a 
brief picture of the emerging vorld energy problem. It is also my 
intention to give you a context in which you can examine the problems 
faced by many countrics. 

I thin< it is evident to ail of you how important the use of 

energy is. it is an integral part of the grov.th process of any economy, 
vvhb ther it is a highly industriali:'ed country or a struggling developing 
country. The continuing increase in world population and the pro

gressive rise in the world pcr capita income have resulted in a rapid 
growth of energy deimiand exerting an inexoral e prcssure, particularly 
on the conventional prenier fuels, namely, oil and natural gas. 

The burning issue at the pres ;nt tirme is how to mot the 
burovoninr2 vor]d re-i during the decades ahead.. ,rcmcicn.ts 
At the United 'ations we have. :everal offices look ing at the prol)lenl 

of trying to project v.'orlhl energy requirni- iis and I have left with 

Dean Pierre's office a bibliography of some of the materials that 
relate to this particular issue. 

Questions are repeatedly raised by concerned pilblicists 

as to the long-term aclequacy of energy resources to su stain the 
increasing growth rate of energy consumption. According to statistics, 
the world energy consuniption rate has been doubling every 1.4 to 15 
years and, at this rate of five percent per annum, it is easy to calculate 
that the cumulative energy requirenents by the year 2000 will exce:d 
by four times the presently proven reserves of petroleCumT, and roughly 

by seven times the present proven natural gas resources. However, 
the potential world hydrocarbon resources, on land, offshore and deep 

sea are still a very big multip]e, of the prosently e stim ated provrii 
reserves and cafl for further exploration and dcvelopment. Furthermore, 
the results of several studies in tlhu United Nations and outside sources 
(and perhaps this e;xeniplifies a certain vicvpoint which nay not be 
fully shared by everyone) indicates that the world is not going to suffer 

from shortages of other energy resources such as lignite or coal, oil 
shale, and tar sands. Therc are additional potential energy resources 
in the form of hydropower- -unutilized vast potential sources which are 

awaitIng further utilization--tidal power, geothermal, solar, as well as 
nuclear power. 

http:rcmcicn.ts
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.Now, having said this, onc must reflect on the fact that 
while on a global level, the energy resources look formidable despite 
the protestations of the "limits to grovwth" thesis, etc. , you could 
still have the situation of particular shortages arising in paeticular 
fuels in particular locations for certain periods of time, and we have 
seen some of this recently, too. Now, I do not want to discuss this 
much furfher--I have a number of statistics to which I can draw your. 
attention as I 2o along. I would like to call your attention to one 
particular problem. 

It is that which relates to the growving disparity in the level 
of consumption between the developed countries--the rich, industrialized 
nations, on the one hand, and the poorer, developing countries, on the 
other hand. Ani here, I would come a C to soMe of the other issues 
connected with tile skewed distribution of world energy resources as they 

are estiinatcd nrl prsently kovn. This imbalance can be illustrated 
)y giving! you some stati.tics of the shiare of the developing countries 

in worldcnergzr consuiiption ,hich was only nine perc ent in 1971, and 

that part of the world constitutcd about 48 percent of the world population. 
Dere, I nmst t--l youI my dc.i-itien, or rather the definition in terms 

of United Na[ions' statistics of de\velopin countries. We classify 

couni:ries into t-iree groups, into threce soclo-econonlic systems: 

the dlevel ope] ln1ar!lK economy which means the industrial private 

enterprjFs:C economies: *\Western Euerope, Japan, North America, Oceania, 
South Africa, and seoveral others; the centrally planiled economies, by 
that we mean Socialist co.ntries and the develoling economies of the 
Third World. You will see that China is generally included in the 

centrally planned economies. 

The developed market economies which constitute 12 percent 
of the world's population, with a per capita income on the average in 
1971 of around $2, 000, consumes 62 percent of the world's total energy 
consmnption and their per capita consimption is something like six tons 
or 6, 000 kilograms of coa-l equivalent. I just wanted to give you these 
broad order of magnitudes. Before I go further, I'd just like to mention 
that the developed countries have 19 percent of the world fossil fuel 
reserves according to certain definitions which will be available to you. 
If you weore to c iculate this on a per capita basis, they can sustain a 
consunlption of only two tons--that is per capita consumption, whereas their 
requi rements on a per capita basis is sLx tons. Now, the centrally 
plan'ied economies which constitute one-third of the world's population, 
with an average per capita income of $500, consumes an average of 
roughly 30 percent of the world's energy consu, ,ion--the demand 
exerted by them. Tly possess, if you were i, 1k at the fossil fuel 
reserves, 78 percent of the world's fossil fue! erves. Now, here 
again, you have a measure which is quite interi ii - in that they are 
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quite comfortable with respect to their fossil fuel reserves. Now, 
icoming back to the developing countries, as I mentioned to you, if you 
include China with more than tv.o-thirds of the vorld's population, they 

consume only a fraction of the total energy produced although taken 

as a group they siowed a surpluss of prinmary energy production far in 

excess of their a2r e-ate renirem.nts. ttov,'cver, on an individual 
basis, substantial surplu'ses are ]iinitA esseniially to fifteen countries 
who are the main e:orters of petrulneum and natural gas. On the 
other hand, there are about sevc'nty-fi\e devclopin countries, or inore 
perhaps, v.-ith an 'n raydeficit, and in some cases a very critical 

energy deficit. By critical, I mean those countries which depend on 
imported energy "o the ex-tent of more than 50 percent of their total 
col sum pti on. 

I come nov., to a second feature of this probliem. I'm only 
describing the problem which may arise because of these imbalances 
of both consumption and production, and in the possession of the 
reserves at the prase nt ti-no., and perhaps in hli futu re. The intL r

national petroleum industry, as you a]] Inow, ,l,arly rivals all other 

a 1)oa izeindustries on ,]o) a s both in and in its vast perfornian- c, 
and because 0f (Hiperf'Thh in vi'v.' of incr as-in 2 grov.,th of 

worldvide pi-t olurn denian , Jhe'.rerc, the petrol,,1n exporting 

and inmportin. countries c,nfin e to surpa;s5 the stat to a imiuh greater 
extent through thair national companies in the e:.:ploiLrtion of, an(] the 
development of their energy resources. 

I would nov., liie to discuss the structural as)ect of this 
imhalanc e. This inbalance i s partially illustrated by the fact that a 
high proportion of tue world energy demand is satisfied by petroleum-
approxnimately two-thirds of the dcemand-- nd threfore petr olnum i S 

a preniun fuel (if you add natural gas to this, it's perhaps a litt]lemore). 
So, if I refer to the structural aspects of tli:s, I thin], it is very ntc~grai 
to the quostion of the world's enc,-:-,e y prob]ems. It is here that you find 
again that the control and disposition of tlie resorces of production, 

refining, transport;' ion, and marleting and distri hution. 1 don't have 
the exact statistics--ut a very somal nun )er--I e.pect a dozen or so 
countries, have large reserves at the morn(nt. ]ess than a dozen or 

so perhalps of the mu]tinationa] oil c'ompanie s h avye control over 70 percent-

or have had control to -agreat ,.tent, I m1ust say--of 70 to 80 percent of 
world production, 70 percen,t of refining!. These are just inpressionistic 
figures; they are not accurate as to degree, but they are of the broad 

order of proportions that I have described, 

Perhaps nore than half of the world tanlerage indirectly is 
controlled. Nov, naturally, this is a situation of imbalance whiclh is 
unlihely to last too long because there w\vill be counter-active or counter 
forces which will be put into motion, and I thin] you must under stand this. 

Therefore, we have inequality in the distribution of reserves-- wealth, you 
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may call it--this particular type of wealth, the premium fuels, the 
fossil fuels, and above all, the hydrocarbons. Then you have the im
balance in the control mechanism, in the integration of the mechanism, 

and, of course, in the supply mechanism. This is the kind of situation 
which is likely to come under great stress for change. 

Nov., I just mentioned the growth of the role of government 

and governmenital intervention which is likely to become more of a 

factor with respect to this particular problem. The exporting 

countries wvill continue to try to maximize their revenue through 

exports as vell as diversification of their economy. These 

countries, in the face of large accretions of foreign aid exchange 

reserves, will face the option of leaving some of their oil. resources 

in the ground for future uses because of their certain absorptive 

capacity, etc. , unless suffici ent iive stmun)nt opportunities and 

guarantees are provided to defer the use of their present income . 

Another issue of growing concern is how, in the process of 

meeting these eniergy reoqui r enients , the harmful and deleterious 

consequencesUS energy on and1ncr1- of afolal use the envirionmnnt 

quality of ]ife can bU 11ni ln, eL, since the use of energy pollutes the 

air we breathe and a] ;o yesuifts in massive theri-nal pollution. 

Yet another cn erg,y-relatcd issue is how best to illsure the 

flow of vital energy supplies front the dozen or so energy surplus countries 

to the energyd-(eficit countries vhich con-titute the overwhelming majority 

of the world's nations--rich and poor alike. 

These issues pose great challenges but also opportunities for 

the drive to develop less polluting energy s ou r c e s , to discover new 

hydrocarbon rescrves [.o an to and developmentand ajveimpetus research 
aimed at the efficiect utilization of energy by devising improved energy 

convTersion processes. 

It poses also the need for some conservation of energy and the 

development \\hat one may call an 'energy ethic" designed to avoid 

wastage of energy for extravagant and super-luxury uses. 

These growing energy problems demand solutions arri approaches 

at the global level beforc they overvhel n) us and take on the dimensions 

of a global energy crisis. The interdependence between the developed 

market economies, the socialist countries and the third world of developing 

countries on the one hand, and the mutuality of interests between the 
energy-surplus countries and the energy-deficit countries on the other 

hand will, notwithstanding the political overtones, hopefully result in 
a harnionised interplay of forces for solving the looming energy problems 

ahead. 
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The folloing discussion is presented to highlight some of
 

the existing, as well as emerging, global problems and issues, many of
 

which result from th.e interaction of the energy-deficit and surplus
 

countries on the one hand and the present set-up of the international
 

energy economy on the other.
 

A review of the global energy situation reveals a serious im

ba'ance in that the share of the developinm countries im world energy
 

col cLtMpti on ,.'as only nine perccnt in 1971, in petrol,-um consumption
 

only thirteen n ercnt and in electricity only seven percent. The
 
developing countrie.. v.ith more than vo-third F of the world's population 
consumedl only a fraction of the total energy prodluc ed, although tnken as 

a group, they sno-,d a surplus of primary ene.rgy production far in excess 

of their ase re2ate' reulirenlents, Ilowever, on an individual basis, substan

tial surpluses arc limited essentially to fifteen countries who are the 
main exporters of petroleumr and natuiral gas. On the other hand, there are 

about 75 developing countries which are energy deficit , and in some cases, 

critically so. 

In response to the soaring world energy requirem ents, particu

larly since Vorld Var I, the pac. of exploration for hydroc'arhons has 

increased considerably. A new era of offshorj ex:ploration and develop

ment has begu. Toci0y, about 20 percent of world petroleum rquirem e.,t' 

conle from offslhiorc -nd the cuest for furt, en -plor;i t;on and d eve]oro cut 

will almost certainly co-iinue,in view of the overv.,hc]ning dependence of 

world econo-oy on fossil fuel. This slhare is e-.,pected to incroaso to about 

40 percent by 19,0. Progress in the tecl ni qu ,s and d c.igin of equipmnlt 
for offshore exploration has becien rapid and e::ploration vor]: can nov be 
undertal-en in depths of water up to 3F';0 metres, even though the initial 
cost of such off:sl-ore activity is probably three times tl:it of com pa rble 

inland operations. However, recent statistics indicate a higher ratio of 

reserves discovered per unit of inve stilent in offshore exploration than 

for inland. 

The internationnl petroleum industry ri\al nearly all ot:her 

industries in size, past perforniance and beholds opportunities in vicvi 

of the increasing world-vide petrol(uni demand. Therefore, ihe petroleum 

exporting and importin(ri countries will conti,mie to participate to a nmch
 

greater extent, through tlei r national comnpan;ies in the xploitati.on and
 

development of tlhuir energ.,y resources. In so doing, the former coutries
 

l.]1 revenues through exports as we]] as diversistrive to maximize their 
fication of their econoniles. These countries in the face of large accretions 
of foreign exchange reserves will face the option of leaving some of their 

oil resources in the ground for future use, unless .sufficient investment 

opportunities and guarantees are provided to defer the use of their present 
incomle. 

http:xploitati.on
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A great majority of the energy-deficit developing countries 
is :xpected to remain net importers of crude petroleum and of petroleum 
products durjn the seventies. At present, these countries produce only 

about one-third of their crude petroleum requirements; the remaining is 

met 1)y irports at the 1970 level of about 120 million tons of crude 

petroleum and 35 billion tens of petroleum products. These imports which 
entailed a for(i;n e.change cost of $2 billion in 1970 are expected to 
reach .$7billion in l )74. 

Many of the petrolcumn importing develotqing countries have not 

shared fully in tlt,. general decline of petroleum prices in the 1960's, 
and there is lite reason to believe that competitive prices will be charged 
for their import. durin, tle 19T0!'s, unlc'ss ways and means can be found 
to minimi:;'e their foreign e-cu!ange costs by gaining ''a most favoured'' 

access to coml 1petitive sources. 

rJThe(rising petroleum imports of industrial countries vill 

mean heavy pressUriCS on their balance of payments with repercussions 
on the pre sent world monetary system. 

Increased nil import costs are likely to accelerate the pace of 
exploration for immi on enc,igy in bot-h the developed and thems resorces 
dexelopinq per1rolen n inIortin, ccomiuies. Where oil prospects may seemn 

lmnpro,i':1,1,., efforts \vJil bc made to devclop alternate sources such as 

nitcl ear, .:eot er I, or coa1. ThesC are not inuiually exclusive. This 

will entail wi.,t new ove..;tn ,ilnsin col nparatively high cost alternate 

sources ,fenergy. Con sicer abl c clanges in the energy policies of energy

deficit deve l'ping as \vel as devel opecl countries may therefore he antici
pated. In vicw of natioonal security considerations, most countries have 
undertaken th builiing,up of stockpilos equivalent: to 15 to 60 and now to 
90 days of t:1i11r ptrolc l requirements. These emergency stocks require 
additional inve stm cnt for oil purchases and storage facilities. 

The demand for energy in thl.form of electricity has been growing 
faster thanzany otller form of energy. This trend is most likely to continue 
during lic 1970's: theielore the signifi cance of alternative energy sources 
such as hydlrop.ver, ilucl ear and ge othernal from which electricity can 
be produced iwill Thi is obvious isbe enimc ed, s an statement ; it derived 

froni the pra:;oct situnion to some extent. Of these three, the prospects 
for utiliz'in , large-scale hydropower are, hmowever, restricted though not 
neces sari lv limilt'd. Nuclear energy p)rOspets are overshadowed by the 
]ong lead tinie, high capital costs, hazards of radiation and the fact that 

nuelca. costs are predicated on the assumption that a nuclear station w\ill 
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operate at near-peak capacity most of the time. Geothermal energy which, 

though being a relatively new entry to the world energy scene, offers many 

advantages. The overall relative costs for geothermal-based po.-er genera

tion have been shown to be less than either the nuclear-based or fossil 

fuel-4ased power generation, nore so if the fuel has to be imuorted. 

In addition, gcotiermal energy is perhaps less po]luting and offers 

nulti-purpose applications such as de.Salination of VatCer and recovery 

of minerals. Far more important, perhaps, vill be the contribution 

of coal to increased wNorld ener:y suclplies, particularly in substituting 

for hydrocarbons throvgh coal 'qkcuefaction and gasification. 

The location and structure of industries often becomes specially 

adapted to tle availability and prices of the available energy re.sources. 

This aspect of enerrgy utili:ation is particularly relevant with regard to 

the non-ener rcy uses of energy source (!. g. , petrochenicals and 

rec entfertilizers), which have steadily inc5reased in the past with the denmand 

and consu,, .ipiion,and th eir continued grov.'th may lead to locating eli(rgy

intensive and othe, supplecuentary indl:stries in the petroleun-rich 

developing countries. 

The substitution of one fuel for another is technically possibl e 

in many cases, especially for the generation of electricity in fossil-fueled 

thernnal plants and largc-scale inductrial proc ( s iingc. (There art: many 

instances of electrical gIencrating plants heiny built with dunl-fi nina 

equipment so t] it advantage can lie ta:en of fluctuation:; in tl e r lati vC 

prices and ,valaliy of primary fu cl. ) The pr i ncial fa ctor MIci cli 

determines i ce choice of fuel is th e final cost of a unit of heat cnery to the 

con sume(r; su ci cost calculations must in;.].e a]lov.anec' for the cost of 

conversion0 (qui]pfnwent, c:ost of han 1 ling anid stornce facilitiies, actual 

pua chase price and intrinsic: factor s such as convenien Ce and safety and 

environniiental in pact. The pace of sill stit, it i (ii will dp:enlid oi the 

scale of reserves of the alterntle, source, the lead timine required for 

commercial scale production and above all, the new invest ... t costs 

entailed by it. 

A nubner of environmental pr oblems have appeared. The un

only toprecedented concern about eivi ronm ctal quality extends not 

obvious pollutants such as smohe and toxic gases from various energy 

processing and production facilities, but also to a range of economic 

ard aesthetic issues such as the use of prime-value land for siting power 

plants, transnussion linus, petroleunn refineries, etc. 

There is also th, related issuce of conservation of resources in
 

general, and energy resources in particular. Sonie of the nmjor issues
 

requiring conservttion in one form or another are: inefficient means of
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energy production, transmission and storage, planned obsolescence 
of consurner goods, superfluous pachaging, Industrial waste heat, 

private transport, inefficiently operated public transport, non-recycled 
materials, restoration of mining areas both above and below ground, etc. 
Whereas it is being recognized that at least some portion of the in

creasing energy der! an.d in the developed countries may be extravagant, 
there v.,ill 'he felt incre, !sing need for energy conservatlon, particularly 
in the large energ.y conw;ur;ir ' nations." 

International agreements dealing vith exploration, developnicnt, 
supply, refi wln:d areting of ener,.y resources (notably petroleum 
and gas), are g:enecrally concluled on a ]ong-terrn basis. However, during 
the 1970' s , several international petroleum agreements will be nearing 
expiration an: are giving ti:o profound and radical. structural changes 
in the inte rndtional ceorgy industry. Also, both d eveloped and developing 
coluntries aru tla-<hig stcps t:o intervene directly in regard to the ourmership, 

supervisqion and inanu v.'ment of their energy economies. 

In response to increased world energy needs, the pace of energy
related rcsenrcli and dev(ol)0 ont will further quickenL resulting in the 

accumilat-ion of -t 'aastamount: and Wide variety of technical ]:nowledgeC 
and menis for inas si'c te loogy transfer to the developing countries will 

have to be found. 

In the liglht of the foregoing cliscussion of energy-related problems 

and issues, the netd for i nternao nn l cooperation vill be "ncreasingly felt, 
particularl]y by those developin., countries who w.\ill b(, striving to develop 
and man oe heir own indigenous ene tVy resources and by the adoption of more 
rational policies in the rich seining couerv-concolntries.. When viewed from 

a global per ;peciv e, the prospects for coordinating national efforts in develop

ing the energy'f res-surces mnay not always looh promising, Ilowever, such 
efforts could tah]e the form of mutual coperntion in energy eX]lorati On 
of both conventionnl and non-conventional sources, energy processing and 
producing: facilities, reduction of environmental pollution, developinient of 
high voltage or super conductiye tranlsmis Sion svstenis and large scale 

exchanges of electrical energy. What is required in essenIce, is a global 
cooperative npproach for the use and mnnuagemuent of the energy resources 
of the world on a fair, equitable and just basis. 

The views and opinions expressed in this paper are those of the author and 

do not necessarily reflect those of the United Nations. 
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INTELSAT 	 -A GLOAI.CO.MfTTNICATION 
SATELLITE SYSTT\I 

Sidney Metzger 

In this talk I vould like to describe what the Intelsat system 
is, give you some idea of its extcnt and also, by means of slides to 
show you the various type.; of satellite which have been used by 
Intelsat since the initial launch of intel sat I in April 19(5. In particular, 
in addition to prescntinri the various :ypcs of satelli tes, what they do, 
how they tork, tileir cost, their proble s, totheir capacity, 	 and 
emphasize the extrernely rapid !rC,-by their tel cphone traffic capaity 
(a tv,,enty-fold increase in: a short period of six..years). The next part 
of the tall: v.l cover the earth stations, which together with the satel
lite provide for a compli]ete systeim. And finally, to present sonic con
siderations involved in establishing cor-munication satellite syste s; in 
the developing countrics. 

The first slide show the approxiniately 2,5 m einber countries 
of Intelsat. 	 Over 50 of thcse counritries, involving 69 stations, opera:e 
85 antennas today. The 85 icnober countrites, wh i(h have grown froiln 
the dozen cocuntric. ,ltich staNred the Intel sat system in 1').61, ,;hjare the 
ownership of Intelsat in prolportion to thir shLare of internL[i0nal1le]
phone traffic. The. earth stations are wholly owned by the pa rticul ar 
country. The IntelWat organi:. ation 3S 0i \' id'd into varim s ]alTye s. 'fin( 

first invo ying th. g v lirniniot th( ise es; . laye.r of-v the second cOO sis :s 
the operating en-ti ty vitlinneach co t Vty; lit, H rd ayer ('T'he ]Boa rd of 
Governors) con sists of soirni 1 organizaLions, either countrihes or 
groupings of countrics which each hav' at least about ].5 pernt of the 
internaticnal traffic. The Board of Gov,.,rnors has several conln ittees 
includingu those on techni cal n at,: r s , on fi n--Ico, an( oil operat i ons. 
These groups ,.el about: a hilf dozen tie iper year in order to vor: 
out the various details involvf.d with the gIlobal op,..ration of the, IMte Sat 
systern. TIi s year a S.r'c eta", Gene.ral started operalion, assisted 
by Coinsat who not: only is the U. S. entity, but also per'forms tci 
technica1 and operational inanagem ,ot for IntelWsat under the Secretary 
General. 

As part owners of the systm, each country contributes a 
certain amount of msoney each year in order to keep the system going. 
As users of the syste, n, each country pays a certain amount for each 
voice circuit. At the end of the yea a profit is turned back to the 
various owners. Over the years the cost per one-way voice channel 
charged by Intelsat to its memlber countries has decreased from $3Z, 000 
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in 1965 to $9, 000 in. 1974. It is anticipated that by 1977 the cost per 

channel will decrease to aplroxiately $7, 000 per year. In 1972, 

Intelsat's gross income was approxinmtely $90 million. For 1973, 

it is estimated to be about $95 million (a larger number of circuits but 

a lower price per circuit). 

The next slide (--'2) shows the growth of the number of circuits 

carried by Intelsat from 165 to 1w present time, aAd also the growth 

in the number of antennas, Note that v.'e started in 196F. vith 60 circuits 

and at the present tine t-e global system is carrying approxilmlately 

4800 circuits, The traffic varies: ahout 5/8 of the total is carried in 

the Atlantic satellites; 2/8 in the Pacific; and 1/8 in the Indian Ocean 

satellite. The numbe.r of antennas incr(ased from the two stations 

which were used vith our first S;at,]] ite to about 85 at the present ti me. 

The next e F!3)71id shows the nilrnl)er of paths. A path shown 

here by a line betv.cen two countries, indicates one or more telephone 

circuits between tha s ' two countries, At the present tim- there are 

rnore than 280 such paths around the v.-orld. Our first sa:ellit'e, mI:el:satI, 
or Early Bird as it wa: lnown (Slide 4) was launcho.d in April of 196,5 

over the Atlantic and it Lad a capacity of 240 two-,.vay telephone circuits. 

In principle, the satellite operate -indilarly to the r'adio- ,'laystations 

you see on the highvays. The uniqul' foat-ur, thou0, is that rather thlan 

using a steel tower of snme 100 to 200 ft. e- use, in effuct, a tower 

22, 300 miles in hei-ht. At this altitMd, above the earth, in an orbit 

around the equator, the sat,]lli t:e rotaies once in 24 h ours just as tHue earth 

does, so that the satellite appears to stand still v.ith respect to us here 

on earth. It is this uniqiue no-call ((I synchronous orbit ,vhich has )een 

used for all of Intelsat': satellites, The purpose of the satellite is to 

receive radio signals from thr ground, anplify theni, and re-transn it 

them so that they c0111d bhe pic]Led ; ) at stations far" heyond the optical 

horizon froin the sending station. Wylith three such satellites , c :s(ntirally 

global comun-ication meu"1d be obtained except for tMe norther'ly latitudes. 

This particular sWNtelite veihed SO lbs. and is powered by solar cells. 

The radio tube has a power output of 6 vatts and yet wvi the large antennas, 
which we will discuss in mi,ore etail lattr, has a capacity of 2-10 teleph one 

circuits simu]taneously. Only one satellite of this type was launchd. 

A second was built but was never launchled because it was superseded by 

our Intelsat JI shown on the next slide. 

In 1965, the National Aeronautics and Space Agency asked Col, 

to provide communications for the ships at sea wlich 'ere needed to tr. 

the forthcoming manned space program. This programii included the 

Gemini and Apollo satellites. These satellites circling the earth require 

line-of-sight comnmunication over all parts of the earth. In some areas 

there are no land masses from which the satellite could be seen and it 
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is necessary to provide ships in the Indian and Pacific Oceans in order 
to permit constant comun;cations with the manned satellites. The 
problem then arises of how the signal being picked up at the ship can 
get back to the mainland, and for this purpose it was planned to use a 
conmnunications satellite so that signals would go from the manned 
spacecraft to the ship, from the ship to the communications satellite 
at 22, 000 miles out, and from the satelite back to the mainland. 
During the year \hich passed between the launch of Intelsat I and 
Intelsat I1 (Slide 5), t!,e capacity- of the Delta rocket had increased 
so that the S. -lb. payload of Intelsat I could be more than doubled to 
190 b. v.,hici was usc d for Intelsat II, This satellite also had a 
capacity of 240 telephone ci rcuits but the antenna beam permitted 
commmication with both the northern and southern hemispheres as 
compared to Intelsat I which could only communicate between stations 
and the northern hemisphere. Four such satellites were launched. The 
first one failed due to a failure in the apogee motor which was of new 
design. 

The next three were successfully launched and were all. used 
for period of 2 to 3 years. They were superseded in 1968 by Intelsat 
IlI shovn in i:h, next slid, (.1.0). This satellite, launched by the 1968 
vrer Sion c)f the ])elta roc' :ct, weigheId approxhiately 300 lbs. The 

addi :ional wepigh t permitted us to jncrease the equipnent on board so 
that it: had a capacity of 1200 two-way telephonc circuits, or alter- atively, 
somce of thcse cir cuits could be removed and replaced with one or more 
television signals . The unique difference between this satellite and 
its prcdecessor, lay in the fact that where.s the earlier satellites 
radiated power in all directions from]l its anteonna, giving in effect a dough
nut type of patclern, fhe Intelsat I, through its directional antenna radiated 
powver only toward the earth. This increase in effective power permitted 
the use of 1200 telephone circuits. Eight of such satellites were )aunched, 
three of the ]aunclhe,- failed due to rocket failures including a first stage, 
third stage, and an apogee m1otor. Of the satellites which were success
fully launchdcl, several experienced trouble clue to ecaring problems, 
In order for the ,1ntenna to rcmain pointing at the earth while the satellite 
itself is spinning., it hecomes neces.sary for the antenna to spin at an 
equal speed but oppositc in direction. One of these satellites, launched 
February 1961',, and still operatin, is almost five years old, Its antenna 
has never giv en t.roul]e, indicating, that the desi gn of the shaft and the 
bearing in this particular type satellite is rather critical About the 
timee we learned the nature of the troubles, the satellite became technically 
obsolete,. The denand for increased traffic was such that wve needed a 
satellite having about four times the capacity of Intelsat III, and after 
a design study, a contract was awarded for the Intelsat IV shown in 
the next slide (,!7). 
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This satellitc is approximately 8 ft. in diameter and about 
9 ft. high excluding the antennas. The two reflectors are 50 inches 
in diameter and provide a beam about 1/4 of the diameter of thc earth. 
The antennas can be remotely steered from the ground to illuminate 
any part of the earth. The smaller antennas at the top provide a 
beam which completely covers the earth. The satellite weighs about 
1600 lbs. and the solar cells which cover the surface generate approxi
mately 500 watts of D. C. pover. Thcre are 12 amplifiers or repeaters. 
Collectively, 1they can hiandle from 3, 000 to 6, 000 two-way telephone 
circuits, Alternatively, a repeater can be used for a high quality 
television picture or two television pictures simultaneously of some
what lesser juality. To give you an idea of he cost of such a project, 
to develop a satellite of this type including to build the various struc
tural, thermal and electrical models, to build eight flight spacecraft 
to be launched by cight Atlas-C entaur rochets costing $160 million each, 
gives a total project program cost of appro,:i iately $250 million. 
Roughly, half is due to the rocket cost and half due to the satellite 
cost including evelopmlen. Five such satellites have noW be en 
successfu]y launched-4three over the Ailantic (two in use and one 
spare); one over the Pacific; and one over the Indian Ocean. Three 
remain--one to be launched January 4, the next in tlh e si-mier of 1974, 
and tlhe last at: the end of the year. These will provide spare satellites 
in orbit over the other oceans. The first Instelsat IV was launched 
at the beginning of 1971. 

It is estimated that the satellite vill be fill-ed by 1975, there
fore a contract was le for a sate]lli:e with even greater capacity, the 
so-called Intel mat IT-A shown in the next slide (1/8), which provides 
approximately tw.'ice the cq-acity of Intelsat IV, This increase is 
obtai.ned by providing tN-ice the number of repeaters as in In:elsat IV, 
half of these operate with an antenna bear which covers South Anerica 
and the eastern part of North Africa, and the other half operates with 
a separate antenna beam vhich covers Africa and most of Europe. 
The two beamns use the same frequiencies but thuy are suEfici(ntly 
separated so as to minirnize the effects of interference on one beam 
against the other, It is anticipated that this satellite will becomu 
saturated in 1978, and studie; have been underway for the past year 
to decide What type of satellite should be launched in 1978, so that the 
expected traffic at that time could be handled. 

The next slide shows (' 9) still another way of providing 
increased traffic capacity. This is a picture of the satellite we have 
under construction for use by ATE,-T. This satellite is to be launched 
by Corusat and to be used by AT&T solely for domestic traffic. It 
will have a capacity of 14, 400 tvwo-way telephone circuits for each 
satellite, three of which use the same frequency band twice--one set 
of repeaters operates with a vertical antenna, whereas the second set of 
12 repeaters using the same frequency band, operates with a horizontal 
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anenna. At the earth stations, corresponding antennas are used. 
It is found that at these frequencies, antennas can be designed so that 
signals from one )olarization are essentially ignored by antennab having 
the opposite polarization, thus permitting a doubling il the use of the. 
spectrum. These satellites are now under construction and are to be 

launched in 1975. 

We now focus our attention on the earth station part of the 
system. The next slidu (!i]0) show,s our earth st ation located n 
Brcwster, Wa shi 1nton. It con si sts of a building housing transmitters, 
receivers, and multiple:.: euipjmcnt similar in principle to the equipment 
used in radio-relay stations huit differing in the power of the transnitters 
and sensitivity of the receivers. For example, whereas a typical -adio

relay transinitter mi ght hlave a pcer output of 5 to 1.0 vatts, in our 

stationls wec have transmitlte. having an output of 8, 000 to 12, 000 watts. 

Also, because the wight of a satellite ioust be kept to a minimum due 

to the high cost of roclkets and satellitcs, great pains are taken to 

decrease the noise of carth station receivers providing sensitivities 

of about. 100 times bet[er thanltat used in radio- relay stations. This 

great i Improveneilnt in sensi'iviy is ohtlinod by usinglc reccivers wvhich are 
kept in refri..rators operaL:n aboout l5) above absolh!:e zero, Finally, 

whereas the ant'nla of a ivpica] radio- relay st,,tion varies frorr. 6 feet to 

10 feel. in dia i oter, the Intelsa: an1tenna s are usual] y 97 feet in dianeter 

in o.(dCr to provi(,, a much greater ronroa and thr cl v use signals of 

exremcly lo, po,Cr roCC\ed fo ln lthe satellit~e. One can appreciate the 

magnitude of these sig nr]s when you consider that: tile 12 repeaters on 

board an Intelslat IV havc a combined radio frequency power output of 72 

watts, or small r thall the 1iisua] 100 w.'att blb found in our homes and 
yet these sig-nals 1n st travel 22, 000 inilcs from the satellite to the earth 

station. Tbhe re suiti;n power at: the oul:put of the antenna is typically in 

the order of a million th of"a millionth of a waLto 

The first antenna was thal: in the ea rth station at Andover,
 

Maine (1!l]) . This was built by AT&T for oxperiments w.ith th Telstar
 
satellite in 1962, and was bought: by Comsat in 1965 for commercial 

operation. The ha sic de,.>.,, is in effect a 60-foot version of the 8-foot 
horn antennas usfed by AT,&'T -in their terrestrial microwave links. 

This anteMa was used becanse its heory was understoodIe]]and s everal 
t:housand of them had been made for :errestrial use. The disadvantage 

wN'as the high cost ald tile fact that a radome had to be used to avoid the 

effect of ,,now fallig on tlc large structure, 

The next generation of antennas is showm in the following slide
 

(1112). These antet.nnas were based on designs used for militaly and by
 

the National Aeronautical Space Agency (NASA). They weren't well
 

adap ed to our 2.1 hour per day service since, for example, attempting
 
to maintain equi pment located in thie feed cone of the Ha-waiian antenna
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(elevation angle of 48 ) required that the technician tic himself 

in with a rope. 

The next generation of antennas (Slide 113) included an elevated 
equipment room which remained horizontal regardless of the antenna 

elevation angle. Also, this design improved on the electrical per

formance (gain, bandwidth, and lower noise) of the prex us generation, 

but was more ex,:pensive. 

Finally, the current generation is shovn in the next slide (I'lM) 

wherein the antenna is located atop a 50 foot diaeter concrete room 

which 1.onses prztcti cal ly all of the equipment, except those which, for 

electrical reasons, must be located in :he elevated equipment room. 

Future designs probnise to e:tend the antenna feed into the main room 

by a periscope arrangenmont, so that the elevated eqipment room can 
be eliminated. This dcesign not only had the desired electrical performance, 
but at a reduced cost. 

Slide 1i sho.-s how the cost of these stations has decreased over 
the years, from a range of $;6 -il] on to $1]z million in .965 , to $1 

' million, to $8 million in '6 to mmillion to 5.6 nillion in 1970. B y 197, 
the range is down to .. 5 million to 555 million. The d ecrase s di to 
the erne reuce of st-,iud ardiz cd dcsi-n;, tHus elim nnat n- developnent 
costs and ]araeer p;.-odiiction qiantities. lowever, the seclpence of a fir-st 
design not .,'ct c::pectai:on-; a scon d dcsin neeting the perfornanec 

but at a higher than des ired pr*'ice; fi,a]ly a lhird design, a Cvi n:and acli 

the same perfornmincc but at a lower cost is typical of mr1ost collp le:: 
engineering projects. 

The procedure for a country c:onsidering whet er or not to 
build a station woniid be to get pertinent cos;t information from Conisat, and 
to compute expected costs and revenues froin its predicted teleu'g"rtph and 
telephone traffic. Assumiug the result i; fa,'orable, a con sultant is 
engaged to prepare specifications, recolanizing that each country uI;ua ly 

has its ova problem s and that such specs rous1st bc tailored to the spe,'ific 
requirenects. Comsat, not: bein, a nziamf,acturer, has been asked to 

act as a consultant by over two dozen counrl:ies in the last five or six 
years. In addition to preparing speciications, the consliltalit nlay also 
help in the technical evaluation of t:he propo:;als received in respons.e 

to the requiiest to bid; to follow up on the s elected contractor dring. tlhe 

production phjase; and also to assist in the installation test ph)ase. Finally, 
he may also be called on to prepare training In ethod s for the operating 
crews. One desirable approach is for the futuire crew to participate 
during the testing of the equipment by the manufacturer, including 
lectures at the nianufacturer's plant by his men. 
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Depending on the experience of the crew, they might take 

over the running of the station riht after acceptance testing; or in 

some cases; have thc manufacturer run the station for some fixed period 

of time--pe.rhaps 3 imonths, 6 months, or even a year, meanwhile 

givin, the creyw on-the-job training,. Atthis time, most countries 

of the world operate 1their ov.-n enrt:h station, and wvith quite reasonable 

results, viz. , in 1072, the on-the-air )perccnta'e time for all stations 

of the v.orld was .,9 . pcrce it. Co0s1 scrig t]hat these stations are 

using very coamp] :x, modern cquinin nt with greon crews, this is quite 

an accomp!i'h!.iemcnt. (AT"..T's objeclive for their latest cross-country 

n-n cro\vave 3-olay systy!Ae Ss 9. () percenit. Y' 

The attached section IVhat Satellite Communication Means 

to ].ny wa,.; prepared by a member of the East African External 

Telecom mnnm tio-- s Co. , Inmited, to describe their reasons for 

going to conI-,1nications satelli'Les and the resul . This company 

providcs comin-ni cations for iEenya, Uganda, and Tanzania. 

The ]a,-;t tcr years has seen communication satellites grow 

from an c:pori m'n: to an intrnat-i nal system carrying the major share 

of ihe world's trz n:;occanic telc)hoie traffic. 

' ATK T''s objective for their latest cross-country microwave relay system 

is 99.98 percont. 
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WHAT SATELLITE MEANS TO KENYA 

.Introduction:'.:,, 

Kenya is a partner state in the East African Community 
nwhich is an-organ of economic ' ' cooperatioii betweei the-independent.. 

states of Kenya, Uganda and Tanzania. A number of services and insti
tutions are run jointly by the three states under this treaty of cooperation 
and one of these is the East African External Telecommunications Company 
Limited. The main objective of the E.A. E. T. is to provide and maintain 
telecommunication links between East Africa and the outside world. 
Our links to the outside world have exclusively been via H. F. -xadios 
until 1970 when we started communication via satellite. 

It may be a better approach to start off by briefly outlining 
the development of external telecommunication in this part of the 
world. There are various factors entering the need for the establish
ment of international telecommunication media but the most important 
one is the improvement of understanding between the different peoples 
of the world. The results of such understanding are many and in most 
cases mutually beneficial to man; move towards peaceful living, improve
ment in international trade, international exchange of cultures and tra
ditions, are a few of them. 

In the case of East Africa, the initial pressing need for setting
 
up telecommunication system was trade. In the early. 19 2 0s the only
 
means of transport ifrom Europe to East Africa was by ship.,- The ship
 
to shore telegraph link was, therefore, the first telecommunication
 
service to be employed. The system was installed by the Eastern
 
Telegraph Company at Mombasa and soon after this a pair of two
 
hundred mile submarin&telegraph cables were layed to join Mombasa
 

with Zanzibar. 

During the Commonwealth Prime Ministers Conference in 1948, 
it was decided to embark on a world-wide telecommunication network.
 
As a result of this decision, a number of long distance submarine cables
 
were layed. It was, however, thought uneconomical to include E.A.
 
in this expensive network at that time so we had to rely on H. F. radios
 
which adeqdately met our traffic demands then. The volume of traffic
 
continued rising and with such a state of affairs, we could not rely on
 
H. F. radios for too long. We started following with interest the tests
 
that were being carried out between America and Europe using passive
 
and active satellites for communication over the Atlantic Ocean.
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Why We Joined Intelsat: 

I mentioned earlier that our primary objective is to 

provide and maintain telecomnunication links between East Africa 

and the outside world. In pursuing this objective, we have to realize 

that high persformance standards, reliability, and efficiency, of our 

services \2].P be e,..:etted by our customers. In light of steadily 

grouing traffic and the fact:that sone of the distant administrations 

Ne comnmunicatp vith ban diycrtin' thcir attention fr'orn H. Fo to 

satelite Con-1mllication, we had to beg-in thinking likevise. 

The objectives of Intel sat are comnrnensurate with ours. 

Intelsat i,; a bod\" set up to provide, thinugh the roost advanced 

techno]ogy avA lab] e, for the benefit of all nations of the world, the 

most effiCictt and economical service possiblc consistent vith the 

best and 1,ost ecinitab] use of radio spectrum. " East Africa cannot 

achieve, in 5 io]ation, her m1;'in 01);ecf:ive as given in the treaty of 

cooperation, i. ., economic dA\*clejie.t. We have to buy from 

and sell] to otlher people. busiucs trasaction.s require fast and e 

efficioelf: n tns of c( l-m .icciicto: Ubs n 'eds readio communication. 

The decion to . :.I telsat \wa therefore s.,anctioncdi as being in 

the best intere.si of t:he connpunt:v. With E.A. negotiatig an 

association with ]-,. E. C. in 1russels, our role is clear. 

The Cost of the Sto'eo and Tininciniz ArrQnge_,ents: 

The E. A. I-. T. operntes on a commercial basis. The Company 

finances it:; ow.'n runnino?, sts, expansion and other liabiliiies frorn 

the profit it iiia]. s or throughl a loan agrecemnit with other financiers. 

In a-raisig a new project, therc'ore, the questions of profitability 

and i)-,pro'enI ent in tie standard of our ser ices have to bc compromised. 

The ('0olst-rUctiOn of an Earth Station was a very big, project requiring 

proper atppr-i.sal. it took two years of discu.-sions and negotiations 

(196(,-1962') he ore the final decision was taken to cont-ruct the Earth 

Station at Long.,onoft in litnya. To add to the si,nifi cance of this invest
m ent, tll1ead- of St;f:." of the partner states had to give the final 

approval. 

The Er rth Station a s con.stiructed by Nlarcoli Company to 

the standards set by Intelsat. As part of the contract, Marconi met 

part of the carpital cost on agreed loan terms. A number of local firms 

were sub-contracted to carry out different phases of the work; the 

station was ready in two years (1968-1970). 

The Earth Station is situated .10 miles from the Head Office 

of E. A. E.'T. in Nairobi, where the International Transit Switching 

http:intere.si
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Center (ITSC) equipment International Maintenance Center and International 
Telepho'ne Exchange (BIC & ITE) arc housed. The link between the 
Earth Station and the ITSC is a microwave system installed by Fujitsu 

of Japan. 

To cut the rnaintcnance cost, we normally include a training 

programme as a part of a major contract. During the construction of 

the Earth Station and the installation of th. ITE, some of our Engineers 

(local staff), vere sent for traii-Jig to prepare t!e!m for worl, on the 

equipment once con-,missionee. Wle are prod to say that w%'e are using 

largely the s:ill of our ]o. al engineers and tcchnicians to maintain 
these relatively new systens. 

How the Sate]lite Is and Tas B eCuj Used: 

Our use of Satellite Units has grovrn steadily since August 

197,- We operate direct links with five Earth Stations via Intelsat 
IV (F5) in the Indijn Ocean Region, namely, Goonhilly (United 

Kingdom), Fucino (Italy), Cedina (Australia), Vikrarn (India) and 
Buitrago (Spain). 

The Unit Utilization has grown from-j an initi;l 20 telephone 

channels in 1970 to 49 at presen nt. Nlo nt of our circ.'its are %vorlu.nu,to 

London (Goonhilly)o I ,,itra,o has so far been used hy NASA on lease 
circuit basis during the tinc. When they are con .truct:ing ,nd launching 
their satellites at San.-Marcos ri ear hlomba:sa Since the latst launch, 

we have closed the circuitF, to lBuitrago. 

The services are in ainly of three types, namely, telephone, 
public telegraph and tle:.: (most of the fole:: clhann c]. are leased). 
Occasionally, we receive and transniit pictures and quite oft,.n, we handle 
voicecasts. We are not equ!ipped for television service but, were able 
to modify our standby path to receive som.,e events live from M,,unich 

during the last 01 ,ypic Games. It- is not an cconoiw reality at the 
moment to include c:ten sive TV service. Our next priority is to he 

able to have another systen facing the Atlantic Ocean R,-.gion. When 
Pan-African Teleconmjnnication network conies into operation, we Vll 
definitely have our services expand and feel our role in the acceleration 
of inter-African trade. 

Our Earth Station acts as an international gateway for those 

African countries that work 1-. F. circuits with us, It is so satisfying 

to feel that we are playing this important role to our friends. 

GENERAL MANAG]ER 

E. A. EXTERNAL TELECOMMUNICATIONS CO., LTD. 

DCO/FPN 

http:vorlu.nu
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STRATEGY FOR THE DEVELOPMENT 0' THE 

TECHNICAL INFRASTRIUCTURE OF 

DEVELOPING COUNTRIES 

Kenneth S. Julien 

Mr. Ambassador, Dr. Walker, Ladies and Gentlcmen, 

I bring you greetings from my own university, the University of 

the West Indies, and in particular, the Faculty of Engineering at 

We in Trinidad and the AWest Indies obviously haveSt. Augustine. 
contacts and continuing relations with Howard University.had many 

I think we stole a professor from here and made him a Prinme 

Minister, and more recently, we also managed to steal one of the 

professors from the School of Engineering and he is now on my 

faculty. 

as aIt is indeed a pleasure to be asked to address you 

participant in this series of topics, and when I saw the list of 

previous speakers, I realized that I ,vas in quite distinguished 

company. This afternoon the plan of my tall- is made up of four 

parts which I will contribute, and possibly a fifth part, which I hope 

shall. be contributed from the floor. 

I will deal with the whole question of the definitionFirst, 
of terrmis, and particularly the terms that I will use in my address. 

These are terms that are very much overworked and I thin< that it is 

very important that we spend a little time looking at them. Second, 

little about the general terms, about the problems of developI'll talk a 
ment and the role of technical infrastructure in that development and 

the solution of that problem. Third, I will focus on a particula, region, 

obviously the Caribbean, on which I feel competent to tallk and spend a 

little time identifying some of the structural weaknesses in the Caribbean, 

that mitigate against development. Finally, for my part of the contri

some of my ideas about what strategybution, I will identify and expose 


is needed to overcome these particular problems for the Caribbean.
 

Fifth, which may or may not come about, the question of relating what
 

I have said and its application to other developing countries is something
 

which I hope can come out of this discussion.
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First, dealing with terms, a very impressive title has 

been given to my talk--"The Strategy for the Development of 

the Technical Infrastructure of Developing Countries. " I 

think it is important that we spend a little time on these critical 

phrases: "development" and "developing countries." As an 

engineer, I find it easier to talk in terms of objectives, and I 

would like to apply that thinking to the word "development. " 

I would lile to raise questions to you about what I feel are the ob

jectives behind development of developing countries as distinct 

from the actual meaning of the word "development." Further, and 

to start this off, 1 think perhaps it is easier to get an idea of what 

I'm getting at if we take some time to consider what these objectives 

are not. 

What De\,elopnent Is Not. Development of the less developed 

countries is not a guarantee that they Will choose any particular ideology 

or value system. In fact, since development involves profound changes 

in national behavior and sometimes creates threats to national unity 

and cohesion, it may, in fact, result in upheavals in pragmatic 

policies and some changes in the old behavior. Development is not 

a guarantee of political stability or an alternative to violence. 

Change i.s, in itself, disruptive, and since the associated development 

usually lcads to drastic changes, some form of disruption should be 

expected. Development is not an assurance of peaceful international 

behavior. flistory holds too many exa mples of highly developed and 

rapidly developing nations which behave both aggressively and 

irresponsibly towards their neighbors. These examples are still 

with us, and there is no guarantee that smaller and developing countries 

would not adopt them. Having dismissed some of the cliches of what 

development, or what the objectives of development are sometimes 

thought to be, let us look at another approach--the ideal. The ideal 

is often stated that the major objective behind development is to 

bring together all groups and to eliminate all inequality within the 

society. This is an ideal that I think is an impossible one, and perhaps 

even meaningless, and therefore let us dismiss that as well. 

A definition which is not my own, but which I've recently come 

across in a publication entitled Partners in Development -- the one 

that attracted me most, says simply that development is, and I quote, 

"to reduce disparities and remove irregularities. It is to help nations 

to move forward in their own way into the industrial and technological 

age so that the world would not becone more and more sparsely divided 

between the 'haves' and the have-nots' both on a national, as well as on 

statement of global objectives is thean international scale." This simple 

one that has impressed me most of all the literature that we refer to 
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in development. This, therefore, is the major objective that I 

have in mind when I talk about developmenL, and the one that I 

will ask you to address yourself to in this seminar. 

Let us no,.- have a look at "developing countries" -- a
 

very popular phrase these days. The temptation to speak of
 
"developing" and Lh-ird v'.orld" countries is alw-ays there, and
 

too often, I, as have you--as you are now here this afternoon-
have sat t-rough learned discussions or read publish(d papers 
on "developing countries,"mierging countries,'' "ransitioial 

economies, " 'undcrdevelop(ed countrie s, " and more recently, 

the most overworkecd phrase--"third wvorld countries. ' Profound 

general concl. usions have been arrived at, pronounced upon, recorded, 
and somnetimes even acted upon. I, as you may lhave gatihCred from 
my prelimninary rernarh:s, have become a litlei Mt skeptical of any 

general conclusions arrived at: about this fictitious group of coun
tries, whether they are 'less -developed, '' "developing , etc. ; and 

in the words of a recent study, "there is no satisfactory way of 
describing these countries as a group in term s of one of their 

most important resource(s, na-nely, humnian re!so1rCes. ". Therefore, 
it would )e us eful to ex.:amine some, of the features that tend to 
characterize or di stingi sh thi s res ouce -- that i s , the human 
resources--the people of developing comnthrie. in this coltuext. 

Two key words conic to mind to anyone who is familiar with 
people in the developiiug. countries. The key w,.'ord are : dependency 
and lack of confidence. The environmcut in which tll y live, the 
structural arrangenicnt, the instil:tutions, the decisioni-mal.ing processes 
in most third world countries have eroed and continmu to orode the 
confidence of the people insofar as tlhc mastering and control of 

technology is concerned. There is lack of confidence, and son tinies 
none at all, in the people of these countries. The impression is common 
that science and technology is some mysterious gift given by God to 
the developed countries vich will be doled out in snall and harniless 
quantities to others. We keep hearing of transfer of technology, 
adaptation of technology, technological aid, technical assistance 
programs, etc. , and if these are explored in any depth and are actually 
experienced on site, you will find that invariabll they aggravate this 
situation of continuous erosion of confidence. 

Dependence. We have sonic concept of economic dependence, 

but something that is becoming even more critical in these developing 
countries is the question of technological dependence. Before I am 

accused of preaching isolationism for dlev'eloping countries--which I'm 
totally against- -before I'm accused of that:, allow me to develop this 
point further. It is of greatest importance to distinguish )etween 

interdependence and dependence; and I think I can do no better than quote 

from Willie Dumas: 
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The dominant feature of the contemporary world economic 

order is interdependence among nations, particularly 
in the ficld of trade, technology and capital inflows. In 

particular, a small country, with a limited range of national 

resources and a small domestic market, must depend heavily 

on foreign trade, on both exports and imports. But, inter

dependence can only be meaningful for a country if the dynamics 

of economics change, or reaction to external change in the 

world economic environment are internal and under its own 

control. If such dymarnism is not internally located, inter-. 

dependence turns into dependency. 

Tese words are as true for economic and political. activity 

as they are for technology, and un rtunately, it is rarely recognized. 

In a nutshell, so far as modern technology and science are concerned, 
the majority of developing countries are convinced, in fact, that: 

(1) they do not know; (2) they vill never know, and (3) they will always 

have to be helped by some other nation. These words perhaps may 

sound harsh zind perhaps may be queried, but I am prepared to back this 
conviction, if need he, by critical examples of this sort of conviction. 

It is this conviction that makes the development and the revolutionary 

development of technical infrastructure a critical area of activity for 

most developing countries. This leads to my final definition. 

Technical Infrastructure. The word "infrastructure" itself 

is of some interest. In true loyalty to ny basic education which is 

very much 13ritish, I resorted to the Oxford Dictionary and found. a 

precise and somewhat strange clefiUion for infrastructure. It defines 

infrastructure as a ''system of airfield, telecommunications, and public 

services forming a basis for defense. " It would appear, therefore, 

that the origin of the word was based on a concern for defense, and 

today it could be argued that it conveys something somewhat different. 

I contend, however, that in many countries, in fact in the greater part 

of the world, the original basis still holds, i. e. , it: is a form of defense, 

although the enemy is now hunger, poerty, disease, illiteracy and 

complete dependence and lack of confidence. It is against this back

ground that one can, mith justification, introduce the additional 
adjective--technical--and from this we get the phrase, ''technical 

infrastructure, '' which,in my definition, means the provision of technology 

and technology in tjhe fight against these many problems that are common 

to all of the developing countries Simply, it is the creation of an environ
in which technology is thement, an atimosphere in developing countries 

servant, not the master; in which the mystery has been removed from 
technology in that it has some indigenous qualities; in which technologists 

are constantly harassed; in which they are rewarded for meeting these 

challenges successfully , and in which they can reach the maximum 
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potential in their respective fields. These are high-sounding phrases, 
and if you cxamine them more carefully, you can see that they cut 

across the entire structure of the society; they cut across the entire 

educational system; and they cut across all forms of major economic 

acti-ities. These three elements, economic activities, educational 

systems, and the social structure cover such fundamental 

areas that I cannot pretend to be competent in dealing h any one, 
much less three of these in the broad context- of developing countries. 
I will, therefore, Nwith your permissioi; restrict myself to a region. 

with v.,hich I am familiar, and perhaps with which most of you are 

familiar, namely, the Caribbean. I'll utilize my knowledge of conditions 

there to demonstrate the wea-nesses v're identified, and suggest a 
strategy for immediate action. 

The Caribbean region does have some attraction as a laboratory 

nodel. It is small enough to provide a simple model, complex enough 

to make it interesting, and possesss enough common features of both the 

developed countries and the less developed countries to allow coinpari

sons and comments to be fuly under stcod and appreciated. A further 
restriction which I %villhave to place is that of restricting mjjyse]f to 

the English-speaking Caribbean, although most of my remnarks can be 

applied to all territories in the Caribbean and Guyzna, with the possible 
exception of Cuba. 

First, I'll give you a description of the region of the model. 

I am not going to bore you with details and statistics of the region. 

These are probably well knov.in to you. They are certainly easily 

available. However, consistent with my emphasis on human resources, 
some facts should be highlighted which provirde comn ion areas for this 
model. H-uman resources are very young. Over forty percent, or just 
about forty percent of the population generally is under eighteen years. 
Some sixty percent are under twenty-five. EnmIovrn.cot: There is 

basic structural under-employment ;hicl averages between 15 to 25 

percent of the total labor force. Education: This is a plus. On the 
whole, the population is literate and nuenrate, averaging some 95 

percent literacy and some territories are approaching 100 percent. 
The people are capable and accept training easily. They are also, 
on the whole, ambitious. It may be the wrong type of ambition, but they 

are ambitious and exposed as we are to the mass media--to television, 
the movies the press--whether one likes it or not, the aims, the value 

system is very much oriented to the metropolitan countries, whether 
it is the United Kingdom, or more recently, the United States. In 

other words, they see very clearly and very wcll what other people 
in the North have, and they, rightly or wrongly, want it as well. 
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I would like now to take a look at economic activity, and 

review three major factors: economic, educational and social 
before going on to a description of the strategies. 

Economio" activity: arirulture. Agriculture has been a 
traditional main stay of the ccononics of these developing countries, 
and bear in mindd, I'm new talling about moy small model of the Caribbean 
region from the days of colonization. Agriculture has maintained its 

renowned low prode ctivity . What is even nmiore significant about 
agriculture is flat it has tended to typify in social and economic terms, 
the plant:ation systc.m -- about vicII I'm sure you've heard a great deal 

from Dr. George Bec:ford, whom I saw gave an address here last 

year. It is a favorite ternm these days in the Caribbean, and I 
certainly do not intenl to get involvecd in the argun-lents around it; 
but agriculture crrtainly typifies what George B eckford and Burke 
refer to as the plantation system. Lets look at it a little more deeply. 

In Jamaica it is almost a tv-o-crop agricultural situation: 

sugar and ban;nas. In Trinidad, sugar. In Guyana, rice, etc. 
In Jamaica, sm!ar and Inanas account for sonoe $41 million Jamaican 
dollars in c.-:port, compared to a total. of only $56 million in total exports 
in agri culture. In ,arblados, some 60, 000 acres of land are being 
devoted to su cane This probably has no meaning in.r cultivation. 

a coun:ry like this v,,lere you have millions and millions of acres; but 
60, 000 acreO-fland devoted to sugar cane culTivation in Barbados 
represents si-yly pcrcenm of the total land area. Ill Trinidad and Tobago, 
some 50, (00pople are directly or indirectly employed in the cultivation 
and proc ssin of sugar, and this in a work force of 360, 000. These 

are but a few of the disturbing facts which identify a serious weakness 
in the whole econom ic system insofar as it relates to agriculture in 

the regi on. The next form of activity that is of major importance in 
these territorics is tourism. 

Tourism, in many of these islands, is ahead of agriculture in 

its importance to the economy. The Bahamas, which is an extreme 

example of a tourist-dependent economy, had over one million visitors 
per year in 10he past three years. Its own popilation is just over 200, 000. 
It is estimated that these tourists spend some $235 million (U.S ). The 

total national revenue of the Bahamas in 1971, was just over $100 million. 
The total exports of the Bahamas in 1967 amounted to less than $20 million. 

The other major weakness of an economy which has tourism as 
an important: base is the sensitivity of that economy to changes in world 
situations, as well as to the fickleness of the average tourist. Rumours 
of recession or any instability in the monetary situation affects the 

tourist industry almost immediately. Normal restrictions on travel 
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and the use of foreign exchange can affect the tourist industry 
dramatically. An increase in fares in one direction and a decrease 

in fares to another part of the world has an immediate effect. Any 
internal difficulty, whether from a health hazard or somne spasmodic 
political activity can lead to substantial cancellation of bookings as 
the tourist is likely desirous when leaving his ov.n country to want to 
forget the struggles and troubles in that country and not to replace 
it by those of another. Again, you can see the obvious weaknesses 

when tourism is a major part of an economy. 

Manufacturing, although appearing on the scene rather late, 
now seems to have established sone part in the economic activity 
of these countries. In Trinidad and Tobago, \hich has the largest 

man-Lfacturing sector, the contribution for manufacturing to the total 
output was IS percent in 19/71. This is compared to !I percent in 1966.. 
So the grc-,-thi is not very dramatic. It is also conpared to the con
tribution of thirty-five. percent from the oil industry. 

In Jamaica, manufacburing contributes about 13 percent of 

the GNP, conpared to the 15. 6 percent coming from the .aluminuim 

industry. What is more important, how,'ever, is not these facts and 
figures, but rather the type of ni.nufacturini With the exeption of 
the food-processing industry, manufacturing in this particular region
takes the form of assenl]ying of partly finished goods. This is 

justified either on the basis of a protected marlet, so-called "import 
substitution" or from the benefit of conmparatively and reasonably cheap 

and productive labor. It can be argued that this is one stage of develop
ment, but after a period of some twelve years, proposal..; for new 
activities still tend to be thought of as simple assembly operations, as 
distinct from true manufactures. This is a seriou; weal-ness in the 

whole growth, and hence results in the slow grovth that has taken place 
in manufacturing activity. 

For those of you who may not be too familiar with what this 
means, I can give you one extreme example. This particular one 
is the manufacture of radios for the local market. These radios are 

shipped from Japan in hit form--complete kit form, and they are 

assembled. And one may say, "well, there's nothing very wrong vith 
that. " If you follow this back, however, you will find that what in fact 

has happened is that the radios are first made conpletely in Japan, 

tested, and the brand name put on; they are then completely disassemobled 

and repacked and shipped out to be reassembled and sold in stores on 

the local market. One may argue, "Well, this sounds very ridiculous. 

It is on the one hand, Lut on the other hand, if these are the conditions 

for the so-called transfer of technology; if this particular firm says, 
"the only way you can use my brand name is if you allow me to do this, 

then obviously this is the price one has to pay, and the price is paid 

by the consumer. 
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There are no serious attempts to embrace the other 

activities of manufacturing, namely, planning, sorting of material, 

inventory control, desig-,, production and marketing. It is relevant 
that of the .100 engineers in practice now in Trinidad and Tobago, 

less than five percent of them are involved in any type of manufacturing 

operation, and the few that are involved, have accepted positions in 

this field as a last resort. A similar situation exists in Jamaica, 

where thlere is a covp]ele absence of any true manufacturing operation. 

Finally, dealing with the other important economic activity in these 
major place.islands--mining and associated professions occupies a 

Jamaica continves to be the largest exporter of bauxite in the world 

with cont:ribution to the GNP from this activity of some 16 percent. 

In Trinidad, petroleni occupies even a stronger position. The 
overpetroleum sector accounts for some 30 percent of their GNP and 

80 percent of their export earnings, It employs over Z0, 000 workers 

directly, and supplies Z7 percent of all government revenues. If any

thing, this activity is beginning to grow even further and to dominate 

the scene in Trinidad and Tobago even more so. 

The difficulty that affects this important sector of the economy, 

and it is one that has been recognhcd internationally, is that both in 

Jamaica and Trinidad, these imrportant centers of activity \vith one 

exception are fully owned and managed by multi-national corporations. 

The advantages and disadvantages of this arrangement are well known 

and have been fully del:ed. It is not myintention to get into that 
problems that have been identifiedsubject, but merely to state that the 

in manufacturing where the activities in the islands are restricted to 

nlere processilig, is even greater in the case of these industries. 

The planning of production, the planning and design of new plants and 

of key personnel,modification of existing plants, the mar]keting, hiring 

are all handled centrally ia some foreign head office with fe- -ajor 

decisions being left to the local operations. This form of decision

raking machinery is an obvious weakness in the economic systenm. 

So, this covers the major aspects of the economic activities. 

What about the social structure as it relates to all of this? 

I am sure you've heard at length from George 13eckford, or if you 

haven't, you should read his study on Resources and Underdevelopment 

in the Caribbean. In this paper he explains the plantation system and 

its effect on various activities in this system and his thesis is that this 

system contributes to a persistent resource underdevelopmnent. lie 

defined the plantation system, and I quote, as "the totality of institutional 

of the plantationarrangements surrounding the production and marketing 

staple. " He goes on to describe the plantation system as a type which 

brings labor, capital and enterprise from elsewhere and establishes 

production on some new territory with relatively open resources. I do 

not intend either to agree or disagree with the remedies proposed by 
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Dr. Bec]ford, and I'm sure he has explained the renedies he has in 
mind to rectify these situations, but I am more concerned with the 

facts as they exist nov'. ie identifies, and I agree OWth him, the 

three major reasons why the plantation systems face persistent 

underdcve)opmcnt. They are: (1) that the plantation system denies 

the maiority of th:e people of the plantation society a real stake in 

their country; (2) that a chronic dependency yndrolnli--you hear 
the 	word den2endency corning up rgamn--3.s characteristic of the whole 

population tehecause of deciion-mn'aing c oncernin, fundamnentallocus 
economic issues resides out:ide the pl anlati on soci(A-y; (3) that the 
majority of people are not sufficiently noti,.'ated toward the deve]opinent 
effort because of the first two reasons. 

What about the educational systcm which is of concern 

to me, as I am sure it is to you. The educational systcn has for 
come time contributed to the lack of dovelopm (nt of the technical 

infrastructure. It has alvays been a, system \'which in the first place 
was imposed upon us b)y our colonial moasters, and second, adopted 
by the nev.ly independent states. Jn ally ev(lnt, it cont(inues to be 

the pattern of all I cv ]:s, fronm the prirmary to the, university leve] 

under the B-ritish strviv to: tihe extent :1:at (ev:n nov secondary 

education examinations are set and nmarl:ed by En']isli in Kti tutl ns 

and up until reccitly, te university exai-nations foUowed a simmlar 
pattern. As a re sult, th, melcv.: -,c , of cduc',t.i on to MOl: the soci al 

and econonic > cods of the region would havu 1 ecuin W only by accident. 

All of you recyoni:z e that educ atnn is one of t:hke : ey factor-s in th) 
developrment of the technical infrastruct-urc and any strategy mi:5 

deal w th this problem. The idu ntification of these basic wealnesses 

in the struct' ire of the econorny, the structure of the society, and the 

system of education, should have convinced you that a. stratemy is 
needed. One cannot wait for normal evolution to rectify the situation. 
A positive effort calling for solution and adoption of solutions must be 

made. What, then, is the strategy? 

Obviously, the long-term removal of these weaknesses must 

come from major political, decisions on both the national and international 
front. These weaknesses, which I've d escribed at: length, have been 

recognized by irost governments in the Caribbean. Somie of t]ern lav]e 

taken positive steps to remove them, and a perusal of the dove lopint 
plans now floating through the island.3 will confirm this. We read in 
the most recent Trinidad and Tobago plans that a process of self
consistent and internally generated development can only be set in 
frarie if the following problems are overcome: 

1. 	 A diversification of the structure of production so that 
the economy can continue an internally generated 
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process in the following industries: agriculture, 
fisheries, manufacturing and tourism, irrespective 

of adverse or favorable developmetnt in the petroleum 

sector of the economy. This is from the five-year 

development plan for Trinidad and 'Tobago, 1968-1973. 

2. 	 The elimination of structural unemployment. 

3. 	 A removal of the center of decision-making in investment, 
production, C"IU]iovnI-t, rranageTcicnt and mar-eting 

from overseas control to locally controlled interest 

conditions. Agaiin, at a soore fundanental level,
 

Trinidad and Tobago is busy rewvriting its constitution
 
and has ta]-en positive steps towards its major resources.
 
Guyana has taken sinilar steps, and noises of this are
 

being made in Jamaica.
 

The r ccent: establi.shment of the Caribbean conmon treaty 

with its harmo-niy.ation of physical incentives is another step towards 

rectifying the ,er ous daniace done by the very generous fiscal incentives 

so r eadily adoph-d in the '60's. The expansion of educati onal faciIities 

at all levels, including th11e iniivc r',1ty level, with specific objectives, as 

distinct from the mere copying of what is taking place elsewhere is 

another contribution to the ovuall. strategy in the removal of these 
woa]kn e s e s. 

Thesc are long-tern- measures andl are the continuing neasures 

which must: come from political solvtions. -lowever, I contend that a 

major area has been completely ignored by these countries and these 

governments, and it has been ignored because, on the whole, scien

tists and technologi sts and educators have not actively participated in 

prescribing Hiese remedial measures--and again for very good reasons-

it stems again from this lack of seif-conifidence which generates lack 

of confidence in each other. The area which has been ignore 1 , the area 

to w..,ch I refer, is the development of the technical infrastructure. 

I see in any major improvement of the technical infrastructure, a 

generation of self-conifdence and confidence in each other, I see the 

creation of an environnmnt which encourapes innovation; an environnent 

in which technology is control]ed and in which the technologists are 

constantly challenged and allowed to reach their lainmum potential. 

In addition to hjaving available a pool of trained manpower at all levels, 

I see a body of progressive entrepreneurs, a well-staffed, confident 

and efficient civil service with respect developing between the public 

and private sector. There is one major ingredient in the achievement 

of all this, namely, human resources, and it is for this reason that this 
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strategy can be the simplest, as well as the most complex. 

What are the keys that could lead to the strong motivation 

of this human resource towards its achievement? It is simply the 

It is simply the raising of wagesexpansion of educational facilities. 

agriculture and manufacturing. It is simply the nationalization ofin 
key industries, alloving major participation by all. It is obvious that 

- - s e' . .......
it is simrple t.at.. idI' t-wO'categories' of action inadditionnot as . ,"a"an c
 
are
to the' more fundamental and long-term political processes which 

two categories are: one with a medium-range response,slower. Th" 
aand I'm thinking of between five to ten years; and the second with 

much shorter response--under five years. 

Let's deal with the first category and look at the sectors 

of activity that I've previously identified. Education: a major 
The systems must berevision of curriculum at all levels is needed. 

diversified to bring in not only general academic training but also 

specialized training in agriculture and commerce. There must 

be a greater awareness of science and the possibilities of science. 

The role of science in life, in everyday needs, in food, in health and 

in leisure, must be clearly identified and brought home, possibly 

through education. In this connection, the public media has a critical 

that they have tended to ignore. In the Caribbean,role to play and one 

a powerful
as in the other developing countries, the written word is 


can be used in this defense. Again,
weapon. It can be a weapon that 

in line with education, I see the writing, the acceptance, and the imple
we could planmentation of a well-thought out science policy from which 

and produce the number of scientists and technologists that we need 

and the type of research results that are needed for the country. 

Agriculture. A virtual revolution must take place in the
 

attitude towards agriculture and methods used in agriculture. In
 

spite of its importance in each island and each territory, without
 

exception, it is also recognized as one of the least productive sectors
 

in the economy. One recent development plan makes the profound
 

the greater part of the agricultural
statement, and I quote, "So long as 


sector remains with its existing low level of productivity, the country
 

will continueto be underdeveloped. " If any statement calls for a
 
does. What sort of revolution? Perhaps a massive
revolution, that one 


expansion program with the university, with its many resources in the
 

forefront; the introduction of demonstration farms with results available
 

through all channels, including the public media. The public sector
 

participants, initiating, promoting and financing fruit and vegetable
 
situation.
processing facilities in order to end the chicken and egg 
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I haven't mentioned the university yet, and perhaps the whole 
attitude here could be demonstrated by a crisis problem that we are now 
having at the University insofar as it relates to the Faculty of Agriculture. 
There is a very large unit called the Regional Research Center (RRC) which 
is associated with the Faculty of Agriculture which is staffed by full-time 
professional scientists and agriculturalists whose major activity is research 
in the crops that are important to all the territories of the Caribbean. Re
cently, because of a shortfall in the subventions to this program, there has 
.beent~l( of retien- ient of some of thes eprofsiona],s. .n theverbal .................. 

battle that has been going on between these professionals and the government-
a very significant attitude has developed. These professionals are all 
very well-qualified, very experienced, and perhaps form a center of some 
of the leading agriculturalists and scientists in tropical agriculture in the 
world, however, some of the governments are claiming that the results 
are not forthcoming from this center after all these years of support. 

The scientists and agriculturalists, on the other hand, are 
claiming that their terms of reference were not so much to produce the results 
towards any ultimate objective but that their terms of reference were to do 
research; and if anybody wants to find out how to use this research, well, 
that aspect really doesn't concern them. This attitude, strange though it 

may sound, in fact--if you read recent newspapers, you will find it has 
been headlined--is an understandable attitude if one were dealing with a 
research insitution located in the United Kingdom, France, or somewhere 
like this where they are, in fact, involved with fundamental research and it 
really doesn't matter whether these results are used by the farmers or the 
government. That's the sort of situation that I refer to which calls for 
an immediate resolution. 

The professions of management, engineering, architecture, 

accounting, should take on a national identity. The creation of national 
entities to embrace these various professions should be undertaken and top 
priority be given to their organization for public projects. 

Contracting. A similar situation should be instituted in this 
sphere of activity. The many and scattered, small contracting firms should 
be encouraged to work under a single, or at the most two, umbrellas to 
allow competition for major project works; and under that umbrella, skills 
of all levels could be attracted and rewarded. Similarly, with respect to 
architecture, accounting firms, auditing, the same situation can be repeated. 
With regard to manufacturing, again I'm talking of very short-tern-i measures 
pilot industries--which will forni'the basis of true manufactxfring enterprise 

should be established by public sector agencies. I'm suggesting public sector 

agencies because I simply feel that the private sectors won't do it. Whether 
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it is electronics, metal works, tool or dye work, woodwork, what have 

you--these industries should work in close collaboration with the universi

ties and research institutes. 

A word about research institutes--a word which many people 

consider taboo in developing countries, but which I consider to provide 

one of the keys. They preferably should form part of the university 
.... activity, povided that the work is problem oriented and we do not run 

into the sort o! problem I described previously. This sort of problem

oriented research should be encouraged by the university. I have had the 

good fortune, or otherwise, of being involved in preparing a number of 

research proposals and seeking external aid and aid within the Carijlbean 
for various research projects. And the most recent example after ll of 

these years of doing this came as a real shocker, when having spent some 

six months preparing a fairly substantial program request for research 
money, the representative of the foundation came to Trinidad to see us, 

and was very impressed by the program we were doing, etc. This was 
his very first visit to Trinidad--but at the end of it all, he prescribed 

a solution: that we really didn't need to do re.search; that we were not 
quite ready for research; that research really is something that has to be 

done elsewhere; that it would be a waste of his foundation's money to invest 

any money in research. After all, we could buy or license technology. 
Needless to say, there were a few warm words of exchange between us. 

To support all these various activities and to encourage and 
get some of the people with these skills to return to the Caribbean--and 

again I'm referring to short-term measures--to support this and to provide 
at the same time a wv'ell-recognized machinery--I a-n proposing(and I do this 

in all seriousness) that these countries either collectively or individually 
set up, for want of a better word, "human resources agencies" with authority 
for manpower planning, manpower placing, nanpower utilization and recruit

ment of Caribbean professionals, technicians, craftsmen and those with 

ties in the Caribbean. 

We, in the CaC'_bbean, have spent millions of dollars and continue 

to do so to attract foreign investment and foreign technology, but, to the best 
of my knowledge, except for the efforts made by our offices of the embassies 

and the High Commission officers here and elsewhere, not a single cent 

has been spent to attract our own nationals who have sdlls and experience 
that are badly needed. It has been completely ignored that, in addition 
to foreign investment and technology, the major and probably the more 
important ingredient is the question of people--the human resources. Any

one who has studied the recent brain-drain study will be amazed at the number 
of skills i technical and crafts level that scatteredhe professional, are 

throughout the world and I feel certain that some major unorthodox effort 
has to be undertaken to attract some of these people back. 
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Hence, I want you to consider with all seriousness, so far
 

as the model of the Caribbean is concerned, this proposal of a human
 
resources agency. My further dream is that this would be done on a
 
regional scale, regional in the sense of the Caribbean.
 

And so to summarize, therefore, the strategy as I see it. 
Fir St, there are the ]ong-tern- and fundamental changes that are coming 
about, that will come about, and are in a continuing process. They derive 
from political decisions that have been marde, that are being discussed, 
and that presumably will be implemented They affect national 
policies and extend internationally, and for this reason, they take a 
long time but are needed. The second need is for mediun-term 
measures in the following fields: (1) Education: we need a new 
attitude; (2) Ariciulture : we need a virtual revolution wvith all sectors 
that are peripheral to agriculture playing n.part; (3) Manufacturing: in 
addition to pilot efforts under governnen. sponsorship, a coplete review 
of the scope of manufacturing of various proposals should be done and the 
depth of the manufacturing should be rewarded; or put another way, the 
superficial approach to manufacturing should not be encouraged. The 
question of value-added now become important, not fronm the point of 
view of fiscal benefits, but fron the point of view of improvement of the 
technical infra structure. 

Third, under the short-tern heading, I see the creation of 
national professional organizations to attract and to undertake the practice 
of the key professions which are critical to both the social and economic 
develop]ent of the nation. In this regard, I see the creation of the pilot 
industries which I referred to before, initially sponsored by governments, 
but leading to viable enterprises that can be spun off to the private sector, 
And finally, the creation of a human resources agency, where the 
whole question of people, the question of bringing people back, ensuring 
that when they do return to the Caribbean, that they are rewarded and that 
they are allowed to meet their maximun potential. 

Some of these things are being done and I don't have the time 
nor the inclination in a short address like this to go into any details. 
Afterwards, I'll be prepared to answei and give some examples if you 
like. If this model, is useful, that is, the model that I've used of the 
Caribbean, if only in understanding the problem, my contribution will be 
worthwhile. A serious and frightening problem does exist. Developing 
countries are dither going to grasp it in the sense of taking unorthodox 
steps in order to narrow that gap, or, as some of them have already done, 
just relax and learn to live with it. 
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May I end .ith a quote fron one of your former professors? 
"But the fundainenta] ( H-stion thi.;: a country wvith cJoud-,dt is Can tiny a 
and unpro]jti ous history rise ab3o',:c, ifts past and as su rc to each and -very 

citizen hi- or her fiu]l i,-aslire of ilunan djirni ty by building a huml-na.e and 
equal society *.vtii a po litic[ l, aecoro ic and culi:ural 1(1Cmic'jty of j. O 

' I have no aoul: tohlr:l , answer. 

You imust have rcogUn:A., the stawp of Fri c Wi in-am ; in that 
quotation. lIe en-is by ,a;ing lic ia s no 4. ] have scrimisIoul (]oubts 
unless a very un-orhrod:.: apr eacl is ad opte,) to soN' e Ihi, problenir. I 
than], you. 
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WATER SUPPLY AND WASTEWATER DISFOSAL 
IN DEVELOPNG COUNTRIES 

The Honorable C. B. Ramkisor 

Ladies and gentlemen, first I would likle to express my apprecia

tion to the School of Engineering at Howard University for inviting me to 

speak on water supply and wastewater disposal in developing countries 

and to share with you some of the experiences I have had in my ovna 
country which may be important for students at Howard for use in their 

own countries when they return. I would like to again thank Dr. Pierre, 
Dr. Walker, Dr. Varma, and of course, the whole staff of the School of 

Engineering. 

My speech won't be very technical. It will be addressed more 

to policy-making issues. In thinking about the topic, we should first 

ask, "Why should we worry about this problem? '' As you k1now, human 
beings cannot exi st vithout water, and you have to dispose of used water 

properly. It is also well ].,novn that water carries a variety of diseases 
to human beings. Thus, there is the possih ility of various infections 

being transtrnitted to human bei ngs throiglih hi r Irinking water. Also, 

the water should be of good cluality and of great enough quantity to meet 

the health needs of the people of your nation. 

The diseases which human beings can contract from water- related 

diseases and water-borne diseases are bacterial , parasitic, viral, etc. 

You probably have read about some of these diseases and the fact that 

thousands of people die every (lay )ecause of poor water supply. In 
developing colntries, especially, it is very i luportant to Supply safe 
drinking water. The developed counitries also have probiecus, but those 

are different. They have enough water, but because of heavy industriali
zation, their ,watersare polluted. 

In developing countries, there is another prob)lemIbecau se you 

have to be careful in those areas where you do not have pure water or 
enough water for tHe population be'cause of the effects of urbanization. 
This is because the people will g.'o vh,,re thiey can have better living 

conditions and cities provide nany and \'aricd facilities. Now, if all 

these people come to the cities, you have to have enolg,_,h water. You 
will also need electricity, roads, schools, and of coir:se, Jobs for these 
people. You h1ave to plan car efully in these developing countries not only 
for water supply and vastewater disposal, but al.;o to have all the facilities 

that are needed in an area to stop the trend towards urbanization. 

There must also be a program to create jobs in the rural areas. 
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There is not only the problem of finding jobs for people 

who move to the city, but there is also a social problem. There are 

economic problems, and later there will be health problems if the 

city grows very quickly and the water supply and wastewater disposal 

system do not keep pace. Therefore, I would stress again that 

you need well thought out plans for the growth of developing countries. 

Often these developing countries try to solve their problems 

without realizing that they can get help from outside their ov countries; 

and we know that there are not enough professionals in these areas 

to design good long-term plans. In Surinam, wvith 160, 000 square krns., 

and a population of about 400, 000, you sc: that about 90 percent of the 

population lives on the coastal area. Ten percent of the population lives 

in the interior; and of these 400, 000 people about 200, 000 live around 

the city of Paranaribo, and the other 160, 000 live along the coast. 

At the beginning of 1952, we obtained information about water 

projects underway in other countries and we learneO that the U.S. 

Agency for lnternational Development could give us some assistance. 

We applied for this aid and A.I ). officials came to Surinarn and began 

a program called 'Shallo,, Dig Wells Water Supply Program. " They 

traveled all over the coastal area and obtained information about 

Surinam 'sgeology. When they had collected all this information, they 

startecd the shallo," dig wepls projects; and similar projects are being 

carried out in many developing countrics which are financed by inter

national organizations. There are projects going on in Africa financed 

by the European Common Market especially for shallow dig wells. The 

had in Surinam from the Unit ed States Government lookedspecialists we 
ahead to think about what could be done after the program was completed. 

in this field it some peopleSpecialists were needed so was decided to send 

from Surinam abroad to specialize in these fields. 

The ''shallov dig wells program" is not so technologically 

advanced that specialized help was needed, but: as you go further along 

and plan water supply systems and wastewater disposal systems, then 

you need skilled labor. You could, of course, import technicians who 

would conic and do the job and then go aay without teaching the people 

anything, but this is not the way to do it. Local people should betrained 

in tliese progrin is as we are doing in our program. 

A few students went to other countries to study this special 

problem of water supply and wastewater disposal \\hich is called sanitary 

engineering. I was one of them. I went to tle Univ ersity of Oklahonia 

where I studied for two years. There I met Dr. Varma, an(! now I meet 

him again here after ten years. 
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Beside the shallow dig wells project, we had an adequate 

water supply in the Paramaribo area and in two other small popula

tion centers. We currently have about eleven water supply systems 

and we need about fifty-five to supply the whole coastal area--about 

70 percent of the population v.ith good water. We tried to get help 

from organizations outside the country. 

We knew that the Pan American Health Organization was 

carrying out a number of programs in this field in different parts 

of the world so we applied to get assistance from them, and in 1969, 

they agreed to vork with us in Surinam on a coastal area program 

dealing with water supply and wastewater disposal. It was important 

to knowT, about the quality and quantity of both the ground water and the 

surface water. The program lasted about three yea. , and we drilled 

about 150 wells to find out where the water -h)earing - and was located 

and to ascertain the quantity and quality of the water. Surinam has a 

number of rivers and more useful data v.,as obtained about these. We 

also have built a man-made lake in Surinam and we see today that, 

because of the energy crisis, we have to build more of these kinds of 

lakes. A hydro-electric pover dam was constructed and ve obtain a 

great deal of energy for alun-inum smelting for a bauxite company 

located nearby. One water plant is treating water from thjis lake. 

The drilling program took about three years, and when we obtained 

the information we needed, the Pan American llealth Organization also 

helped us to design the plan and to train local people. This was just 

recently completed. We are now in the construction phase of this program. 

Of course, it cost a great deal of money, but the pre-inve,;tment money-

50 percent of it came frorn the government and the other 50 percent came 

from the UNDP. We are now constructing about five plants. One of them 

is financed by the five-year plan from the Dutch government. We have 

four small. plans financed by UNICEF on a 50-50 basis. Unfortunately, 

in developing countries, people sonetimes do not know that there are a 

a number of organizations which can supply financial aid. In our 

country, ve have attempted to get as much aid as possible from outside 

sources.
 

For a developing country, the design of the plan is most important. 

In Surinam, we asked the Pan American llealth Organization to help us 

to design the plans. Normally, when you receive aid from anotlher country, 

then the country that provided the aid will ask you to give these jobs to 

engineering firms fron- their country. lowever, the engineering firm 

6ill design a costly plan because they will get a percentage of it. The 

plans shculd be designed so that they are simnple to operate and to main

tain. In our country, we tried to use materials which were available in 

our own country first, and then to import whatever we did not have. We 
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were fortunate in that our ground water supply did not require a 

complicated treatment process. In various places, the ground water 

we have available needs only to be disinfected by chlorination. In 

these cases you only need a well; a pump to draw the water out of the 

well; chlorinate the water; pump the water to an elevated tank, and 

then you have your distribution system, house connections, etc. 

Most likely, the pumps and the chlorinator will have to be imported, 

but you must buy a pump for which you can get parts in your country. 

Other countries might require a complicated treatment of their ground 

water which is also required in some places in Surinam. There is 

a significant concentration of iron in some of our ground water, and 

this has to be renioved 	which is accomplished by aeration, filtration, 

We attempt to build these aerators with materialsand then chlorination. 
available in our own country. 

Concrete bricks are used extensively for the aerators. After 

aeration, the water goes through a rapid sand filtration system and then 

the water can be chlorinated. In developing countries, the population 

are built along rivers. We have tried to build wells, shallowcenters 
wells along,- these rivers, using the sand that is between the river and 

the well as a filter and pump the water from well and then it needs only to 

be chlorinated. 

In Surinam, we had three pieces of rotary-type drilling equipment 

from the Westinghouse Air-Brake Company, which was formerly George E. 

Failing Company of Enid, Oklahoma. These rotary-type drilling machines 

can only be used in areas where you have sand and clay layers. In the 

United States, for example in the Minnesota area, where you have a lot 

of pebbles, it is etter to use percussion-type drilling equipment. Drilling 

by the rotary system is faster, of course. If a country cannot afford this 

expensive equipment, then the jet-type equipment can be used. This 

equipment is far cheaper for drilling water wells up to 100 feet. 

jetting.We have drilled wells in Surinam up to 300 feet deep by 

more of course, the possi-Of course, the jetting system takes time and, 

bility of losing drilling pipes is greater . Drilling by this rotary equipment 

systel goes \'ery fast, it is very effective, and we completed about 150 

wells in two years. They were mainly 1000, 500 and 400 feet deep, with 

most of them being about 400 feet. Another important factor is the kind 

of casing which is used. In general, steel pipes are used because in 

Surinam and in many countries you will have. water-bearing layers that 

are very corrosive. The steel pipe casing lasts about six years, and 

after this period you will have to drill another hole. In our country, we 



have been drilling the holes and casing them with PVC--plastic--pipes. 

These pipes are very durable. The wells cased with PVC piping are 

still being used after fifteen years. We have also been using asbestos 

cement pipe casing but because of the heavy weight of asbestos cement, 
50 or 40 feet, but wvith the p\rCwe couldn't finish wells deeper than 


casing, we have finished wells three, four, five hundred feet deep.
 

There are also other parts that a well requires-- e.g. , a screen. Generally
 

you must use a material for this screen that cannot corrode too quickly.
 

Especially in developing coutries, it is important that a well be
 

inexpensive to construct and that it have a long-life. In this case it
 

is advisable to use both PVC screening and piping. So, we have
 

been using a lot of PVC piping and have had good results, and therefore,
 

I would suggest that PVC be used in most countries.
 

Our present program is planned through 1981, and the government 

has decided that by that time, about 70 percent of the total population should 

have good water. At this time, about 45 percent of the population has water 

available, and in seven years, the figure will be about 75 percent. The 

water supply plan is a good one, and we also have a plan for the disposal 

of wastewater. 

We vAill still have to estimate future demand. In developing 
countries it is difficult to say how much water ldll be needed after five 

years. The water demand in Surinam during the coming ten years is 

estimated to be about 150 to 200 liters per capita per day. Many plants 

have a]ready been built, other plants are under construction, and we have 

used a great deal of local materials in their construction. 

As I mentioned before, it often happens that an outside engine Cring 

firm will design a plant for you which will be quite complicated and expensive, 

but in our case, the Pan American lealth Organization designed the plant 

together vith engineers available in our country. Also, as I mentioned 

earlier, we have been using prC pipes e.tensively and we have gained 

a great deal of c.xperience with PVC pipes. It is a good material--it 

lasts long, is easy to handle, and cheap to lay do'wn. 

As far as house connections are concerned, in our country we 

have found that if people want to have house connections, they have to 

be metered. If the water is not metered and you have to calculate 

usage, the actual water consumed will usually be niud higher, Howevei, 

we use two systems -- one w~ith meters, and in the case where people do not 

want water in their house, we do not use a meter. However, the government 

would like to see everyone with water inside their house, but there are 

a number of people who want a tap outside their home. In that case. it 

is too costly to install a meter because with a tap outside the house, most 



V-6
 

people do not use a great deal of water. We have discovered a faucet of 

a special type made b,- a company here in the United States--The Fort 

Meter Box Company whiich has proved to be very practical. You have 

to push on it to open it, and even when you continue pushing on it, 

it stops after having delivered a certain amount of water. Very often 

faucets are designed so that you can continue pushing on it or by placing 

a heavy object on it, it will continue to stay open and deliver water. This 

particular faucet which we have been using will stop after delivering a 

certain amount of water. It is a good system and it is working well in 

Surinam and I would recommend its use in developing countries wherever 

taps are installed outside the house. 

With regard to the rates charged for the water, we have different 

rates established depending on the value of the property or its size, but 

for one faucet outside the house we have a fixed price. In our country, 

the poor people pay only two guilders (about one dollar) a month. All the pipes 

used for the distribution system are made of PVC material that is maau

factured in our country. 

I would like to talk a little now about wastewater disposal, and if 

you have any questions about water supply and you want to discuss it 

further, we can do so afterwards. First, I'd like to discuss wastewater 

disposal in our cities. We have one large city--Paramaribo--about 120, 000 

people live there. Here, we have a combined sewer system and each house 

has its own septic tank, the overflow goes to the sewer system and from 

there it:goes to the Surinarn River. Until now we have had no problems, 

however there exists a certain danger because the septic tanks are located 

near the water supply pipes and the water supply is not chlorinated in 

Paramaribo. I am sure that it will not be very long before it will be 

necessary to chlorinate the water. 

A- the present time we are planning a new collection system for 

sewage for Paramaribo. The plan is ready, but the system is not yet 

under construction although we anticipate that it will begin very soon. 

We have planned for Paramaribo a separate system for rainfall and for 

domestic sewage. We do not require treatment at the present time because 

there is sufficient \walter in our rivers for dilution. The Surinam 'jver has 

high flow rate and thus tei scvage is easily dispersed in the river.a 
Ave also have centers which are further from the rivers and in that case 

the \\'astewater is treated in sewage lagoons. As you know, in developing 

there is land, sewage lagoons arecountries, if plenty of available 


the easiest and cheapest way to handl].e wastewater, especially in tropical
 

countries. It has been our experience that sewage lagoons in our country,
 

and in many developing countries, are working very well.
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In Surinam, we presently have one in operation and another 

one under construction. I can tell you a little of our experience with 
the one that is under construction. We had an engineering firm to 
design this one for us, and they designed a very expensive plant, 
a complicated one. It was an activated sludge system with coagulation and 
sedimentation. The equipment had to be imported from the United States 
or Europe. We were finally able to prevail upon them to design a much 
simpler plan using an oxidation ditch and it is now under construction. 

So, the one thing I would like to say to you is that you must be 

careful about the design: any plan designed for wastewater disposal 
and a water o be designed simply possible andsupply system ,imust as as 
you must insure also that you have people that can operate the system. 
It often happens that when a foreign firm designs the plant, they don't 

train local people, and %,hentheir experts leave after a few months, 
the plant is not operating any more and then you have real prol)]ems. 
So, try to have your own local people tral ned. This is most imnportant 

for developing countries. Before I stop, I think I should mention that 

you have to have a good organization for planning water supply systems 

and wastewater treatment plans. 



VI
 

THE BREAKDOWN OF SAIIELIAN ECOSYSTEMS: ECOLOGICAL 

DEMOGRAPHIC AND SOCIO-CULTUP, AL FACTORS IN 

THIE WEST AFRICAN DROUGHT ARUEA 

Elliott P. Skinner 

Chairman, Dcpartment of Anthropology 

Columbia University 

Fcbruary 20, 1974 



VI-1
 

THE BREAKDOWN OF SATIELTAN ECOSYSTEMS: ECOLOGICAL 

DIEMOGRAPIIIC A :])SOCIO -CUTURAL FACTORS IN 

TI]E WEST AFRICAN DROUGHT AR]BA 

Elliott P. Skinner 

Thank you very much, Dean Pierre. It's a pleasure and 

a challenge to lave been invited to speak before an audience in the 

School of Enginecring, but since anthropologists are a very arrogant 

breed, and believe that they can address thlernselves to any subject 

pertaining to man--anithropos--I thmurht I would welcorne the oppor

tunity to see whether or not some opinions of an,anthropologist about 

the basic ecological, demog raphic and socio-cliltural factors in the 

West African drou'ht areas could be placed into a local. computer to 

the end of facilitatinl [,n o11tput conducive to the elaboration of a 

schema for the resolution of some of these problems. 

An ecosystem is currently defined in anthropology as a dyllamic 

interrelationship b!,etwen a hum-ian socic:ty, and the plant and animal 

species vrith :. a specific plhysical endoronment. Thus, we see aln eco
a asystern as havingthrce important aspects: ph-ysical aspect, 


)iological aspect, and, of course, a societal aspect. As we look at
 

ecosystems, we note that over time they acl ive some kind of equilibrium.
 

An equilibriu-r is aciieved as a function of human being s recognizing
 

the limits of their environment, and learning how they can epl oit the
 

biota in these environments so that human societies can continue.
 

We also note that ecosystems undergo change. They are 

changing al.l the time. However, these changes are so structured that 

ecosystems persist in some kind of equilibrium, and unless these eco

systems are challenged or threatcned, they tend to persist. One 

challenge to ecosystc, s is climatic, and when climatic changes do 

occur, human populations attempt to adapt by utilizing the landscape 

in new ways, moving outside the l.aindscape, or using the biola in novel 

ways. Many human populations have survived climatic changes by 

changing their culture in order to adapt to their new environment. 

One of the most difficult chaflenges to ecosystems is, of course, 

conquest of an ecosystem by another human population. If the local 

population is exterminated, then of course there is a fundamental, change 

in that total ecosystem. In most cases, however, the local society is 
anincorporated into a larger ecosystem, or what I've been calling 

ecosystem network. There is alinking of the local system with a wider 

system. Depending on the links between the local system, and the now 
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superordinate system, there is a possibility of viability, but not 

always. For many reasons, local ecosystems cannot tolerate being 
drawn into larger systems; they simply disappear as functioning 
systems. 

What we've seen over time in the Western Sahel is a whole 

historical process in which local systems have flourished, have tried 

to expand and have contracted. Today, we are ex-periencing the latest 

in a whloe dyna.mic sceries of events that have marked the history of 

the Welsf:etrn S.hel . Seen in archaeol ofical perspective, the Western 

Sahel, or the Sahel', the Sahara, and the Sudan have not always looked 

the way they loo: today. We find that in the. waddis of the Sahara the 

remains of stone tools;, engravings, and other artifacts indicating that 

during the. N'eolit!ic period, the are was inhabited 1)y pastoral popu

lations and even agricultural populations. We know also that during 
the arid period that niarhecl the end of the ]ast glaciation that it was 

no longer ])05 )ibe for himaln bein-s to live in this area. T, tie, a 

number of ag ricuifural populations did retreat to the oases. They are 

still to be found there, and their nui-n)ers have been augm ented 

periodically from the souith. But, by and large, the populations that 
lived in this area during :he last phase of the A%,r7rn glaciation left the 

area. On Icaving the area, nany of them retreated to the north, and 

many of themi rc.treaterd to the south, into the area around Mauritania. 

These later mi grants probably created the ancient kingdom of Ghana. 

We know about ( bana because of he work of T"l) Bekri in the 

lth century. Ghana probably arose around 300 A. D. and played an impor

tant role in thc We stern Sudan. Lying athwvart several trade routes, 

Kumbi, Ghana's capital, became an importantSenre2ot, in which populations 

from the north and from the south were able to ti ade, develop socio
cultural systems, and synthesi:.ze what was local with what was foreign. 

But Ghana, like many of the emerging Sudanese kingdoms (and 

the later empires) had ambitions of conquest and moved into the desert, 

incorporating within :its social s, stem some of the B erl)er-Tauregs. 

Later on, as a result of the introduction of Islam, many of the groups 

conquered by Ghana rev olted, used i,;lain as a woiliz'ingweapon and 
destroyed the socicy and civilization that was known to us as the empire 
of Ghana. 

The fall of Kumbi was accompanied by a decay in the ecosystem 

of Ghana so that when another group arose and started to expand, the 

center of e-xpansion was not in the former Kumbi area, but farther down 
in the Westerni Sudan in the Niger area at Niana. Now, here was a 

dramnaic shift. Whereas ancient Ghana profited primarily from trade, 
the basis of Malian civilization was agriculture and trade. This area 

http:synthesi:.ze
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was able to support a very large population. The Malians were able 

to expand their civilization and incorporate thern into their emerging 

empire numerous populations. They used Islam and Arab culture to 
e:zpand their horizons and linked West Africa to Mecca by pilgrimages, 
and to the Mediterranean by trade, commerce, and diplomacy. 

The Malians also tried to expand their ecosystem by moving 
farther south into NIossi country, and farthier east into the llausa states. 
In the process , they incorporated the area around Gao inhabited by the 
Songhai. The people of Gao, like the earlier people of Nlali, did not 
willingly accept a subordinate status and tak.ing advanta c of the conflict 
between the Malians in Timhluiktu and Jenne, and the Tauregs to the 
north and other populations to the south, the Songhai were ableilhen 
to overthrow the "Malians. In the process, Sonni Ali and others created 
a much wider ecosystem linking Gao to Tin-ibuktu and Jenne, and 
expanding the power and influence of Songhai al the way to the Western 

Atlantic. This was happening at a very auspicious, or inauspicious 
period, in the history of Western Africa. It was during the heyday 
of the Songhai enpire that Westerners appeared around the bulge of 
Africa and started to trade with the Africans along the Gold, Slave, Pepper 

and Ivory Coast. The nature of this trade ultilately sapped tile strength 
of the ecosystem1 that was Songhai. And, when in 1590-1591, the Moroccans 
moved do,, into the Sudan to find out what had stoppcd tle. flow of Pold 

from this area to the north, Songhzai fell a victim to two forces: the 
invasion of the Moroccans on the one hand, and the loss of inlportant 
trade to the south. 

For about 2000 years the Western Sahel was a vial)le and impor
tant social, politiczd and econonic entity. When the basic econonmic 
foundation that had supported this system was no longer available, the 
system broke up into sma].er -ngdoms. The B]ambara were inde(pendent, 
the Djerma ].,ingdom was independent, and the Mossi whIo had l)eel attacked 

by Mali and Songhai were independent. The Fulani I:ingdoiiis bet~in to 
emerge, so that in the absence of a basic conornic structLure that 
supported the political strength of the larger striicture which had been 
Songhai, this area began to breoak up into smaller warring groups. I 
suspect that many of these con peting groups were in the process of 

trying to recreate a larger and more viable system. 

This process of state-buildMing was taking place when A] Iladj Onar, 
Mamoudon, and Samoray-Toure, sometimes using guns, somletiles using 
slaves and trade, tried to tale over the %vljolearea. When we look at 
the history of the orld, what we find is the tendency of pop1 s to form 

larger and larger entities. During periods of 1)real1ovn, there is a 
reduction in scale of societies and local formations until a new power 

arises s om ewhere to recreate a larger and more viable system. The 
Africans were in the process of doing this when General Faidlierbe moved 
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into Senegal vvith a policy of "peace or powder" to introduce French 

power into this area. Gradually, through a whole series of wars, 

and sometirnes treaties, the Western Sahel was drawn into the struc

ture of the emerging French West Africa empire. 

What were the French all about? According to their views 

of empires, the French tried to create basically two system:- of 

colonies: under one system, France sent its citizens abroad, 

for e:.:a-mi)]C to Canada, to create what was called "colonies of 

settlempent:" the second t:ypo of colony desircd by France was called 

a "colony of tr:ude." VWecst African societies were incorporated as 

colonis of trade. This meant that this area was never seen by France, 

whether by C olbert, )y ,,Jules Ferry, or by Albert Saurrat, as an 

area vhich could be dc.ve oped as a entity in and of itseY. Alnost 

every hind of de',elopmn t that took place in this area was designed 

wvith one aim in n ind--to serve the intrest,- of France. This was 

true wio the area was divided into colonies in which there were 

c e](.S , subdiv is ions or posts--the w c]e political organization of 

FrenchW\'si: Africa was ciei'J!n,.i in order to make government easier 

for thlr French. Ve hear a groat deal about the pcnchant of the French 

for Direct Rlello. The fact is that because important kizucloms were 

present in this area of AkFrica, the 'rcnch used adircct Rule, just 

as the Brii:i.sh iicd indirect rule in comparable areas under their own 

control. As one looV s at tihi,; area in terms of transportation netvorks 

from the point of view of roads and rai raods--what does one find? 

One finds that: a railroand extendil s from Dakar to Bama]ko; another rail 

road from Abidjinn to Quagai dougou; but no attempts were mnacie to link 

these railroads across colonies so that internal trade was possible-

all of those railroads ran directly to tie coast. 

In terms of economic development, no systematic attempt was 

made to develop all the crop,.; in this area. Earlier, around the 1700's, 

peanuts were fond to do very w,.l ill Senegal and peanuts then became 

the conter of c(nini r cia1 agr1culure in this colony. .Later on as 

textileI Will:; (C\-veloped in France, co:ton became the center of comner

cial de\'eiopm'eNo. Ti ls occurred even though most of the people in this 

area used Ipa uis on]y sparingly and used cof:ton only for making their 

own cJothes. 'M ost of the I)Cple in itis a rea rew and consumed millets 

and sormghum, crops which were very adaptable to the harshness of the 

zones in wiici theyfound themselves. 

Indeed, the further north one goes, the more ruonocultural 

agriculture becomes. At the edge of the Sahel area, people can only 

grow sorghumn and a few varieties of millet. It is only when one moves 

further soul that there is the possibilii:y of adding maize or potatoes, or 

http:Brii:i.sh
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even rice. And given the dryness of the area, rice is only possible 

as a cultigen in the river valleys or in bottom lands. Yet very little 

attention was paid to experimenting vth different types of crops, 
especially those crops which the population used as their basic source 

of food. 

The social change that took place in French West Africa came 

as an afterthought and was very often stimulated by the fear on the part 

of the French administrators that they would be criticized by thc 

rn ssionaries for permnitting the traditional African family organization-

circumcision, schools, and othr indigenous institutions to remain. 

Thus, Sister Niarie Andre du Sacre Cocur was able to create all kinds 

of problems for every governor in this area l)y insistin", that the age 

of rnarriaLe be changed; that young women be permitted to marry 

without the consent of their families, and so on. 

Since these basic instititions articulated %viththe traditional 

labor organizations, and vith the traditional political organizations, 

the social channes desired b)y the Yli.OS iOns in order to permit people to 

become good Christians or vestern in outlook, constitited a basic 

challenge to the naLture of the 1-renm] colonial system. And I want to 

emphasize fhis. The French never really governed this area. To have 

governed this re-ion._, would have mieant estal)lishiml", the institutions of 

the French coloiial system in every village, incorporating, the Africans 

into the local sub -:sys.ten of the co systen n etwvork which was the 

French empire. 

In many co]onies in the Salel tihere 'was only one European 

ruling or governing 60,000 Africans. What thi s mCant then l as an 

imbalance between the stric:turme on the state level--a structure 

created to draw men -ind maLerials froml the local aeas, a structure 

which was not interested in transforming the local base which produced 

the men, the materials for the sulper s tructure and idlimately for the 

French empire--and the local coninnunities. It was this kind of imbalance 

in articulation and in developrient that was to lead to the rise of nationalism 

which finally brouglht these areas to independence. 

Who were the people ,,Jho were involved in the nationalist move

ments? By and large, they were p mopl e who were trained in the mision 

what call the men. 

ones who ]new about the ]French constitutio- -n-any of tlhese indiv'idual s 

had served in the armies, the colonial wvars of France. These vere the 

people then V'ho were able to tall, to tihe French and debate ,,i the French 

about the nature of the colonial system. Howcv(.r, many of these people 

did not have viable links with the rural masses because in order to become 

fluent in French, to talk about the plays of Racine and Comncille, to talk 

about negritude, one had to leave the bosom of one's family by the age 

of five--one had to become an enfant di pere blanc--"a cliId of the 

White Fathers. " These children of the Wlhite Fathers were the ones 

schools--they were we "blac-: white n " They were the 
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whose task it was to move their societies from dependence to in
dependence. These individuals had learned quite well; they had 

learned from the French that the government of a country should 
depend uponl the wvill of the governed. 

The problem for everyone was that the French never practiced 
democracy in Africa. True, the people of the four comnmunes of Senegal 
were citizens, but even they had problems. The Senepalese were black 
and once outside of Senegal, unless they wore their citizenship on their 
sleeves they were taken for sub j ects, and treated as such. Democracy, 
then, consultation bctveen ruler and ruled was alien to French West 
Africa. The African elite kmw that the Europeans had specific ideas 
about the nature of democracy and the nature of leadership so in 
1945, when given the opportunity to take part in the political process, 
these Africans moved into the rural areas co bring a message that the 
local people had never heard. The message was that: ''If you vote for 
me, I can build you schools; I can restore control over your families; 
I can restore your manhood, and your dignity. " This message won the 
elite the votes and with these votes, the elite were able and Xilling 
to move these countries from dependency on France to independence. 

The people of the Sahel faced major problem s at inderendence. 
The Frenclh had built a macrostructure. They had created a French West 
Africa federation with the capital in Dakar, and with regional capitals 
in eight states, five of which kvere in this area. During the decoloniza
tion period, some Africans contemplated utilizing the existing federal 

structure as a viable West African entity, but the French feared such 

a powerful structure. Throuh the agency of M. Felix Ilouphet Boigny 
of the Ivory Coast and the bureaucracy in Paris, the loi cadre of 1956 
destroyed the region,:l unity that had existed in French West Africa since 
1896. Thus, a larger systen wit sonic advantages, even though it 
served the interest of an outside power, \vas broken up. The local 
states were faced with the possibility--indeed the need--to develop 
the kind of politicalI infrastructures which could support their presence 
in the United Nations as modern nation states. Where was the money to 

conic from? 

The African statess had only two sources of money. One source, 
was the local people, but tle econonies of French West Africa were not 
developed to the point where they could have supported the nation-building 
processes that were being dIenmandled by these emerging nation states. 
The other source of aid, of course, was from outside--initially French. 

However, as (heCold War developed, these countries were drawn into 
the orbit of another aid-providing country which had as its raison d'tre, 

not the developncnt of countries needing massive amounts of money to 
build their infrast:ructures, but stopping communism from instituting 

entirely new systems of government, new systems of production, new 



VI-7
 

ideologies, or what have you. Nevertheless, neither the French nor
 
the Americans (nor the Russians) were willing to provide the amount
 
of capital and know-how necessary to enable these states to create
 
the kind of basic institutions which would aid their people.
 

In the absence of substantial aid from outside groups, the
 
local bureaucracies, the local elites began to turn to the only other
 
source of funds, the peasants. And since little was done to develop
 
the rural areas of this region so as to produce a surplus for the state,
 
many elite rnenbers started to use the limited in-flow of taxes for
 
themselves. Corruption becanme a byvord, and the local military
 
elite vhich had its ov.'n Iinlzs through the colonial structure to France
 
and the Western world, coupled to an ideolocy to protect the state,
 
began to move into power. There were coups, riots and more coups
 
as the military attemp!ed to restore some kind of equilibriurn within
 
the system. Yet even the mil utary was unable to deal with many factors
 
and problerms to which this area was heir. 

If the Sahelian countries did loosen their ties to France, they 
could not rernain outside the glolal village that was becoming increasingly 
interdependent and snaller due to the speed of transportation and the 
new technolomy. Not only were they n ml)ers of the Unitod Nantions and 
unwilling participants in the Cold War, but they vere being increasingly 
affected by changes or events in oliher areas, such as chang,-s in the 
world climnatic systems. Climato]ogists are still arguing whether or 
not shifts in the polar air masses, or more regional shifts of rainfall 
having a perodicity of 50 or 100 years have st:arted to affect this area. 
Whatever turns out to be the case;,, the fact is that fron around 1906, 
the area became0 progressivcly drier. Moreover, this wvas a]so the period 
during which many of tle states vere institut:ing nev: local development 
schemes, were organizing regional devel oponint sch e, es to increase 
production of export crops in order to pay for the accoutrermnc-is of 
modernity and so on. It was al.;o a period when the rura l poople, having 
been told that independence woluld bring with it thc modern life, were 
moving to the cities -- those places to which their taxes were being sent and 
which were like islands of mnodernity in the sea of tradition. So, in addition 
to climatic factors, urbanization was another factor, and wvith url,anization 

the problel chan ge.there vere other 0ms of social Political ch ange, urbani
zation, modernization an(] conflict over scarce resources vere all 
disturbing factors in the Salc vhen every year the Sahara spread south
ward a little more, and every year the rainy period became shortcr. 
Every year, the traditional "huinger period" (between the exhaustion of 
previous year's harvest and the beginning of the ncv harvest) became 

longer until last year when the world was faced with the possibility that 
unless massive aid were given to this area, millions of people would die. 
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There are problems here. One problem was: were the stories 

true? But the facts could only have been verified if these countries had 

had censuses or if people could get to the rural areas to ascertain 

how many per.ons were dying. The truth was that the absence of 

a basic infrastructure affected the amount of information the outside 

world could receive about the kinds of problems these areas were 

facing. Once the nev.s media convinced the outside world that there 
was the possibility of famine, the outside world then began to move. Why? 

Human reasonsr asid ', the reason was that these states were no longer 

isolated - - they were part of a larger world system. Newspaper chains, 

televi:sion chains, . tarted to send groups of people into these remote 

areas, and very often these journalists ran into difficulties because the 

local leaders were not aware of the implications of being linked to a 
wider system. 

Both foreign nation- states and international bodies had to 

react to the Sahel disaster. The T1. S. had to react, the UN had to react, 

FAO had to react, UNICEI had to react, and as these major or macro

organizations tinoled up to move into West Africa, what did they find? 

They found an absemce of linages thriough which major universal or 

international ore-ani:-ations could deliver food and medicine to the 

local popilati on. In other \vords, the fantastic differences in 

nature and scale of the local societies in contrast -o the kind of 

structire,;'s whilicl cxi st((d outside of Africa--the only kind of structures 

that could exist on the international plane--made aid-giving dJ.fficult. 
The foreigm stiructures were quite efficient for dealing with modern 

societ e::; they were incapable of dealing with themicro-technology, 
micro-econon ics , micro-politics, the micro-sociology, and the micro

ideology of the Sa h cli an staites. The result has been criticism, conflict, 

contradicti ons and general chaos. 

It seems to mue that what this area needs is a nassive intro

duction of the wherewithal to create the kind of structures that would 

enable theem to articulate with a world that is moving to higher levels 

of integration with t >e use of satellites, computers and complex technology. 
In other \words new structures i-mist be created in the Sahelian zone so that 

the societies (herc can link up with the modern \vorld. Schools such as 
1loward can lic I to trlin engineers, Ilut this is an easy task in comparison 
with the mla.Ijor political and social changes that are neeled. The people 

of this arca should he encoura god to create larger regional groupings. 

I know tha t many of you will say that the se are political problems. 

Yes, indeed those are political problems but we nust never forget that 
the halkanizat ion of West Africa in 1 56 was also a political problem and 

one in which France, because of her own interest, playcd a major role. 
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Because of the linkages between many of these countries 
and France and of France with the EEC, it was difficult (and it 
is still difficult) for people from Niger to trade legally with the people 
of Nigeria, for the people of Togo to trade legally with the people of 

Ghana, and for the people of Senegal to trade legally with the people of 

Gambia. There are also political and macro-economic procedures and 
interests that are frustrating the normal tendency of people to create 
new links or linkages. For e.ample, a great deal of the peanuts of 
Niger are being marketed illegally in N,.igeria. We social scientists 
see these acts as mechanisms of local people, driven by the market 
principle, if you wish, or by ties of kinship or adventure, or by a 
number of basic social factors, to meet the exigencies of a changing 

situation. 

The often spontaneous new behavior of Africans in the face 

of difficulties suggest that they are not totally resistant to change. If 
the circumstances are deened propitious, people will change their 
ordinary behavior. During periods of disaster, they are mnore 
predisposed to change. At this present: monent, giv(.n drought, and 

given the realization of nnny people hat the structures v.'hich emerged 
during the colonial period, the decolonization period, and after indeplndence 
are not working, they are predJspo red to change. The problen is th;tt 

even vhen local structures can chan, . the ongoing re Iati on hip between 

this area and the outmid, \world is not as a rcnahle to rapid change as 
it should be. For ,-xample, there is no (let erminati on to sUpport a 
Regional Coi-mn ittee of Si- or Seven nations cr-eated by the Sah elians 
with a raison d '(tre of coordinating all efforts dedicated to helpi ng this 

area to survive. Instead, groups in the United States, in Europe, in 
Canada, in many places, are rnobilizingr them selves in the name of 

this area, and often forget to invite the Africans to talk about the basic 
issues. 

The problems are even more scrious than that. The attempt on 

the part of groups in the U. S. to create new types of links with the Sahel 
and ones based on n~w concepts are hing frustrated by the present aid
servicing institutions which see tWe ermergence nf new constituencies for 
Africa as a threat to their own operations. To g,i.'e an example: As 

a result of miy background, and lim ited znowlc, g.e of low.tl e:e states 
operate, a group was formed with nc as co-chairnian along with 
Congres sman Digg s (Relief for Africans in Need in the Sall"l - RAINS) 
dedicated to the princitple of helping the Africans but not f:elling them what 
to do with our aid. We planned to give them the money and let them do 
what they wanted to do ,vith the nmoney we had collected. Once the news 
of our organization was bruited about, RAINS was seen as a threat to 
such groups as the American Freedom From Ilunger Foundation, which did 

everything, or almost everything, to prevent our group from coming into 
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existence. The Freedomn From Hunger people promised everything-
promised free television time, and promised to give 101 percent of 
all the money donated to it in the name of RAINS to Africans. 

The Freedom From Fottdation people could not and waild not 
understand that we were trying to create a new kind of organization to 
articulate with the Africans in a novel way. We were not planning to 
deal vith the individual states; we were planning to use the organizations 
created by the Africans themselves to deal with the problem. In other 
words, we were trying to create a new structure to deal with a new 
African structure. The existing organizations although dedicated to 
aiding Afric? did not want to see the emergence of a new structure because 
it threatened their interests. Our feeling was that new structures had 
to 1)e created. We were trying to help these new structures to emerge 
because given the macro changes needed to deal with this new reality, 
the pre-existing ones were inadequate. 

There is a need for a new approach to the problems of the Sahel 
and the brigitest )eople at such institutions such as Howard should attempt 
to help. It: has been suggested that the climatic factors in the present 
drought are worldwide in scope and may be the result of technological develop
ments in the We st. if indeed what is happening here in the U.S. is creating 
change.s in the! global cliliatic system, there is little the Africans can 
do about that. Blut the physical scientists can tell us if this is true. 
If that is inded the case, then the West may have to modify its technology, 
or barring that, .i\e this area the help that would enable it to survive. If 

the problem is due to local clinatic factors then the area may have to be 
abandoned in il' same %va- as those early agricul[uralists abandoned the 
Sahara during the arid period. But, if on the other hand, the disaster 
is linked to hov these states are organized politically, economically, 
socially and ideologically, then it seoins to me thatthere is a possibility 

that physic:,l and social scientists could help. AVe could help to provide 
the neans whereby new structures could be developed in the Sahel so 
that these people can save their ecosystem and link it creatively to the 
global ecosystem which 1 believe is the only kind of ecosystem that is 
viable in the contemporary world. Thank you. 
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RESEARCH NETW 01, 'Z 

Clarence C. Gray, III 

Thank you very much, Dean Pierre. As an old college pro
fcssor, the first thing I'd like to ask is that you all move dov rn to the 
front. There is a reason--these slides I have prepared may not be 

clear to ihose sitng in the rear. It's always nice to talk at a uni

versity where you have a captive audience. I spent ten years of my 

life teaching at Virginia State so I kmow something about these things. 

The follov.,ing headlines appeared in the New York Times on 

February 26, 1974: "Wheat Stocks Are Depleted by Huge Exports - -

Outlook on Price Is Uncertain Dwfore the New Crop Comes In. " 

The opening paragraph went on to state: 

For the first time -in a generation, American wheat 
supplies have been (elplet I so low that the bottom of 
the barrel is almost in sight. And there are some who 
say, or contend, that the bottom -ill be scraped before 
enough of the new crop can get to market to Irevent 
soaring prices of wheat, then flour, and finally of bread 

and other baked goods. 

Here is another headline that appeared in the same paper on 

February 28: "Scien[:ist Fears Wide lF'ood Shortage." This waz a 

report of a presentation at a meeting at the Association for the 
Advancement of Scieuce. Now, such headlines, and the beef shortages 
of the last year, the general rise in food prices- -to say nothing of the 
oil emlbarg o--these things have brought hone to the American public, 
in very real terms, in very hard terms, the growing interdependence 

of the peoples of the world. A severe drought in Russia or India. can 
have direct, almost immediate effect with repercussions throughout 
the world. 

Now, if you have experienced some uneasiness or discomfiture 
over food shortages, and rising prices, you can imagine what the impact 
of food shortages and high prices is in developing countries where the 

per capita food and income are less than $300 annually. For the less 
affluent, often food-deficit developing nations, largely in the tropics, 



VII-Z 

the long-term outlook is bleak and grim if they are forced to continually 

compete for fluctuating, often inadequate, and poorly distributed food 

supplies. 

During the 1973 food crisis, severe dislocations and disruptions 

occurred in several kard-pressed nations of South Asia. In India, for 

example, there v.,cre reports of food riots in various sections of the 

country and the go-,rnment had to divent ,ccarc,, hard-earned foreign 

exchange away fro'i cecononic development projects for the purchase 

of high priced foods. 

Now, aitho"ush the situation varies from year to year, the solution 

for most poor nations is li.ely to be within the country itself, and it is 

for this reason that the Rockefeller Foundation has pioneered and sup

ported instiLIutions which can help poor nations realize the food supplies 

that they need. 

The Intc:rnati onal Agricultural Institutes and the networks they 

form is t]:itopic for my disclission tl~is afteflcool, and I propose to do 
several I ings. Firs'ft of all, I'd li: to present sonic bacl- round inforina
tion with res' act to th e situa tion, t1e popniation rcsources,4, and food produc

tion pro p ,. In ofli,..r vords, the si tiati on an r the r ati onnie for the 

institute F. Then, I'd like to pres.' nt inornation on the instit:ut s --Hi e 
origi r of the institte concept, the :.cvera] in stituntcs and the way tM('y 
function, and their accomplUshnwnt: to data, Finally, I'd Ii 1:c to 
comment on the significance of the in5titutes and the implications for 

engineering and other profes;ions and disciplines which are necessary and 
critical in the development process. 

First of al, iet us talk about the situation, I'd like to share 

with you a series of slides. lere is a map of the vorld and the main 

thing I want to show are these two red spots here because this is v/here 
most of the people of the world live--China, India, Pal.istan, angladesh, 

Indonesia and J]apan. It shows that the mid-year population of the world 

in 1973 was 3, 860, 000, 000 people. In Asia, there are Z.2 billion. So, 

you see that of the 3. 8 bilion people in the world, most of themn live in 

this section. The projection for the year Z000 is 6, 494, 000, 000, of 

which 3, 999, 000, 000 vr.ll be in Asia. 

This slide shows the developing nations--1940-1970 is right 

here; and here is the projection for the year 2000. You can see that 
the population in the developed nations is holding fairly firmr. It will. 
be increased, but it will not be a substantial increas. That will happen in the 

developing nation, so here is where the problem ,vill occur. This graph 
shows it in more dramatic terms. Since 1900, there has ocen a gradually 
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accelerating increase in wvorld population. This increase has been in 

Asia. You can see what vill happen unless population increases are 

gotten under control. I pul, this particular slide together late the other 

night7 ''he only thing I vant to show you here is v,hat resources are 

availablic for food production,hrouhgliot the worl. This is a map of 

clim:atii zones in tie world. :v ost of the developing nations arc in 

zones four and five. The colors on the map, the greens and blues, 
ndi cat~ h!,mi I A., and the reds and brov.,ns indicate degrees of aridness 

and s cnn-a Ic :-s. The point that I'd like to make here is that in the 

dcvelopj ig world- -that is, in the. tropics, you have a weather constraint 

on food pro](*cicton because of the veather conditions. Now, most of the 

rainfal t1at tei tropics receives is of a monsoon nature. Usually, you 

have l)ri.ocs of h-gh hunmidity, leavy rainfalls, and then lengthy dry 

spells. The next slides will sho1w this. 

-ere is a nation in South Asia--Vietnam- -and you can see that 

this picture was tak.n in the middle of the monsoon. There is more 

water here than one would ]:now, what to do with, Fortunately, God made 

rice and rice does very well in this kind of environment, There are 
stalks elongatevarieties of rice tlhat prow tv.,enty feet tall. Their 

this sort of a climatic sit-uation. 

Thi.; is the l\ati,,andu Valley of Nepal and I vantecl to show the 

beginning of the mon.;oon and thei rice that is growing on these terraces. 

This is what happen s to rice. in the monsoon. In the beginning you get a 

small ao-mt of railnfa.]] and then it picks up. This was going to be a 

very good rice crop but unfortunately tie amount of rain, and because 

the rain comes dovn in such torrents, the rice is just beaten into the 

ground. This slide shows the same valley, but in the dry season--the 

peak of the dry season, about Februaiy or April 1.959. 

In this next slide I want to show you the problem of soil resources 

and population. This slide was made in 1965, and at that time the world 

shows the number of acreas of land inpopulation was 3. 3 billion. This 
the world. The total amnount of land in the vorld comes to something like 

32 billion acres, of which a total of 7. 8 billion is potentially arable. 

That is, that is the amount which can be used for crop production. Here 

we have the cultivated land as of 1965, which is about half of the total-

3.4 billion acres. But most importantly, I \vant you to see the amount 
of land that is being cultivated relativi, t- that which could be cultivated. 

Take a look at the figures here--in 1965, 83 percent of the land in Asia 

was already cultivated. Here in Europe, we have a very high ratio also, 

i. c. , population pressure on the land in Europe. About 44 percent.of 

http:percent.of
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of the potentially cultivatable land is under cultivation. Tow, what this 

says to me--s hould say tu us--s that there is still a great deal of land 
left in the .,orld. Only l,out half th( cultival_) land is no.' being 
cultivated. The problo distriiJion. It is in the wrong place. It:
 

is in Asia. Loo, at: tbt. situation in So:th America where there is cuite a bit of
 

land and very ittle is Lig CutIvatCd. Look. at Australia and New
 
Zealand. Only rwo-tenths of the 1and is bein, cultivated in Australia.
 

So, again we have the age-old problin of di stribution of resources.
 

'i 

In this slide, I v.'ont to show. you ti(- in<i.aor crop.; of the vorld. 

Wheat, by and ]arpc , is t]o o.t i mpu, rta otcn O11 in the vorld in terrns 

of acres devoted to its cultivatio;n--217 nillion hectares. Rice is the 

most in'portant crop in trmns of nwnher of peop]le wh eat rice as a 

major component of their dict--]31 million hecl-arcs. No.., what is the 

situation with regard to food .'pl~y in the world at the present time? 

Well, if we g~o bac]:, say twenty years, you will see that food 

grain production at that tim e was about (00 nillion bushls. In 197], 
it was -)mn.thing like 1. 3 bi]lion. So, the point is timt food pr'od c-tion 

has tept increa.sin in that urF period. Population has ;.,,ncn up 
only about sixty percen . So, we lhave to concluide that food p roduction 

'zrovil.has kept pace vitlh popula tion The pro]hlen- then i:s affiue.,ice in 

developing nations ,rd affience in dav<lop,-d nat olis. ]li-ph inconme in 

Ai-nerica attracts food from developing countries. 

In this next sl]ide, you will see the diffe rence in prodtcti vity 

of various crops in different parts of thc, vor]d]. These data fron 1968 
have not changed much since th nc-. Look t the yield In ni etric tons 

per hectare of these various crops as conmpared to North and Cienit 'al 

America. This :ind of data l(ads us to the con,,:iusion that there is a 
great deal of room for in iprovem,nt in the prodkictivity of food produc

tion in deve] oping nations. This is basically the rationale for the Inter

national Institutes. These kinds of yields clearly show that there is 

room for in-provrnement. This particlar chart reflects gross national 
product, and in turn, incomes in developing nations. 

Here is wher(* the problems arc--in Asia, in Africa. where the 

per capital gross national product is around :,;300 ( U. S. equivalent). 

The ability to buy food is a very important fact:or in the lives of the people. 

This is the per capit:a income in developing countries, and tis slide 
shows selected developed countries. You can see, for exaimple, what 

has happened in the United S,-ates. The point is that the gap between 
the rich and the poor is getting wider. Now, all this adds up to how 

well off the people are, and one of the measures of the well-bcing of 

mankind is the food that they eat. Food is one of the basic necessities 
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of life. You can see in this chart where the excess food is going. 

This is taken as the caloric intake as a percentage of established 

standards by major regions and countries in 1959, 1961, projected 
to 1970. You can sec- that in the U.S.A. \ve eat a little bit more than 

our share. 

It bcaen-e clcar that if one wanted to get at the problem of 

food product:io,n rl 'IDro\,in" food production in Asia, the place to 

start v.is ,ith rice. Tis slide shovs an aerial view of Burma. It 

show!s two tiijo y. 'rst oF. all, it ,.hov.e Very definitely to the 

agriculfurpl!' 1:ii . 3 t that tis rice i S suffering from nitrogen deficiency. 
it also :hows th; even M'-iout any nitrogen fertilizer, the rice tends 

to Iod ', . ., fall over. Thi is th-e result of the monsoon nature of 

the weahcir. Stronr :c ains bat the rice into ti: ground and so the yields 

here will be very lo',. 

This is a slide taken in the Philippines. This rice is grown in 

tle deltas, tidal lands uI ) to 10, 000 feet above sea level, and all the land 

in bwet'en. Ilere is a scene in India. The temples indicates that man 

has be en hero f(ur a .11,wi timne- -the':': are old temples, perhaps 1, 000 

to 2, 000 years ,,c(. I lore is another slide shov,ing rice growing in 

Eastern India \vliero it is the a-iajor crop. 

About the nd d-19 5 0's, it became very clear that the technologies 
that bad been d eve] 01 ed in the West--- a highly productive agricultural 

technology in wide u,;os in North America and Europe--was passe in terms 

of tramn.;errillg its ben efits, to the tropics. Presicent Truman in 1945-46 

anlnoun ced the Mar ;hall Plan and we all thought that it would be a simple 

matter. All wc had to do was to go abroad and tell- the farmers how to 

farin Amenrican style--use seeds, fertilizers and insecticides. But 

nothing: the rice p1ant, did not respond to such.enCd... particularly, 

techlol o i es. NIost of tile peoepic lived on rice -which is the najor crop 

that they grow in the tropic s- -i a 1si onocultur e, and Ithe people use the 

rice for food and the grasses for brooms and to build their homes. This 

particular crop just did not respond to U.S. technology. When we used 

fe'tj liz'er on it, it grew too high and the insects preyed on it. Fertilizers 

created an enviroiment-al. situation -which permitted diseases"and insects 

to thrive. Diseases spread like wildfire. So, what -were we to do? 

Here w% were with no technology to apply because most of the scientists 

were \vorkig, on peanults, cotton, bananas and other plantation-type crops 

which were in great demand in the WeVst. No attention had been given to 

the food crops of these tropical countries. The lack of technology created 

a kind of a dilemma because we were faced with a situation where we 'did 

not know how to proceed. 
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Well, fortunately, about that time the Ford Foundation 

suggested that ve organi':e a research effort. Tile Rockcfe]ler 

Foundation had been involved for about twenty years in programs 

to is prove agriculture in ; e.:ico, and o':her countries in South 

Amnerca. Wc had a s mall corps o (.::]cri encod aricultural
 

scientists, soil readers, soi sci ritin:ts, entomole.ists, hi ologists,
 

and micro-hioloy.ists. Fortunately, surveys also had been made and 

the conclusion had bcen reach en that ic(, crop to sHart V.ith rice.was 

That's why I howed you those slides of rice 1,in, .,o in various 

parts of South Asia und (r different cond iions. In that ]art ,fthie 

world rice grn,. under a ri conditions that itsuch Mw.de yu. of is 

difficult to develop tech:noloy t:',t v. o le ln suited ofa J) 4], to all 

a] so to S e fAct that in India alone, 

there is some thing likhe 4, 000 different varieties of rice. Almost every 
those conltiou.. One has Cnny<i r th 

village has its ovan variety. In uany nreas, the peCope are very 

selective about tWe hind of rice they eat---stJcky rice, dry rice, 

aromatic rice, etc. Thus, he--re were consumirjier probles , biological 

problems, physical con strainis and human constraints--a Vho)e array 

of factors which had to be considered. 

As I said earlier, fortnnately tic Rockcfeller F-"oundati.on 

people had looked at the situation and d(ccied that an urprec dented 

resarch effort was nece.ssary to break loose those c:onsraints. The 

previous history of the Roc]c fe]pllr ]f'oundiathi hiad 1 een \':it: work or 
hookworm in the Amoe.sican South, and work on parasitic dits .ases in 

Egypt and South America. The best s cicntific tal],rt that e..i sted in 

the world .as; brougi t together to focus on the ]P)lu'lm. They were 

adequately supported .ith respe:t to iWeithings they needed. The 

goal was to ma- e a production 1irea: H uro,.igh, someparticul]arly if 

scientist had done res earch and disov-rid something that perhaps 
suggested the way for i niprovecnent. 

Fortunately, about this time, the Rockefeller Foundation people 

wordng in lMic.i co, and Dr. 13or]aug who reccived the Nobel Prize for 

his work on who-at, had developed something that vias needed. Dr. 1orlaug 

whlio wlas orking in Mexico wanted to breed vareti (s of rice.. Northern 
that would step up the nurnber of generations rather than vaiting for 

the seasons to come around. Dy going from Northern Mexico dov.,n to 

somne of the warmer Southern states in Mx(-.:ico, he got anotlher generation; 

and the next year he had the two generations he needcd. Il tie ])roc:ess, 

he went from one a]titude to another and he developed a plant that was 

photo-insensitive. If you were noticing those slides, you probably noticed 

that certain trees drop their yield at certain times of the year. Most of 

the plants are photo-periodic sensitive. Sonic plants mature when the days 

are long--some plants mature in warm weather, some plants mature 

when 'the (lays are short. 

http:F-"oundati.on
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Corn, for example, matures in the fall because the clays are short; 
wheat \when the days are Iong, in tie spring and sumnmer. But in 
the proccss of rrCiving the pernm p1asm back and forth--bringing it 
back to Northern 7, e.-ico, th(n to Southern Mexico-- Dr. Bor]aug 

-vas able to d1evelop arie.tic, which V/Cre photo-inscnsitive. 

Tho;i soinco.one..[d, "if we ca develop sone photo-periodic 

ins (si ti v'. riieic,, of rice, :e can double up the rice crop in Asia, 

wU 'nn grow . ' i -c peiO(I of the year, irrespective of theCe -': Lre,. 

day ]In::, Al!;, fl,-, sciCqInSt S "we.re
 abo',L I.-.t tlie hio:cdical 

beginDln,1)1 r,( i: C 11 t iti L 0I : es that cx.-:. ,tcd in th c gorrI
i e(C 

plasm of \'ariOo,,2: cro!)s was such f:lif: if you could manipul.ate the germ 
plasi; , put: a cc,-l.n'fi ono t ,i-lor il su cli a fa shion that it cou]d be 

pecujarly ad'p i e to a pa-Lti'-l].l - 1do t, we would geOt sonlethingen] c V 

that was-,orhahl o. So, thc Iouiiatlaon went to work and es:ablished an 
instifuti on. They C-stablis.tcd what was the first of the international 
institf:f;s thirly niles south of Manila at the College of Agriculture at 
Los Bianos. 

This slide slhows one of the new kinds of rice varieties that 
was d eveloped i the Phiwlin. On tluis side, you see one of the newO 

varneties of rice. O cr here you see the old variety, and here the ncv, 
011C. "You s(e iVh,-.L the now Var.i'% y is still standi. ,-hich m ans it 

w\'ill gi\e a Very hi'h . eld. By erof.sin s'everal val.'iotefLs of rice, the 
sci.eonti ;t : d in oj d a very -h1oI: rice with a sliff straw which does. 
not fallv o\'Cr. o, also sole eted a nit: ,en fortiiiz or. This is what 
wve call gn(,ie crup,,ring. The consequcelC was a substantially 

increased yield. 

Nepal and Palzistan also have new varieties of rice. This slide 
shor,,s thl~e fv-oCf, You eon see i.!e (hffoernce in height between the 
new and old die;. Thi s i s the traditional type of rice, the indicant Tari 
type. This; i:s the hind of yIcd wo could get witli1011: any fertilizer, 

Wi t out: any nitrogen. As; soon as you apply the ijtrogen fertilizer, the 
rice grows sIraisht up and then falls over. As you can see, the new 
rice opd 1eby, thlc lnternational Rice Research institute stands right 

up and fron I U ki]ogram s of fertilizer, you et somethinlg like nime 
tons of rice. 

It is these Mind:s of ro slts that have emerged through the establish
ment of other inltitutes. We now ha'e a whole netwvork of these institutes. 
The fir.:t was established at Los Banos in the Philippines to work on rice. 
About the same time that -IR producing the nowwas plant type for rice, 
Dr. Borlaug and his associates had produc ed a wheat that was also 

widely adapted to the tropics. fly the mid-1960's, both rice from IRR 
and wheat from CI\'!iYT had spread like wildfire throughout Pakistan 
and India, showing very conclusively what the potentials were for increasing 

food production in the wet tropics. 
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That last slide showed that you could increase yields of rice 

up to nine tons per hectare. That was the potential and hope and 

promise for food production in the tropics through scientific activity 

and engineering of plants as I have indicated- -changing the architecture 

of the plant by making it smaller, making it more resistant to storms, 
more. responsive to inputsi cdthcr 6 6 - h iua"I'blrd of 

possibilities for increasing food production in the wet tropics. 

Based on the results of IRR and CIMMYT located in Me.co, 

a;whole series of institutes have been established. We have one in Columbia 

(CIAT), one in Nigeria (ILRAD), one in Tndia (INTERCEPT), and the 

International Laboratory Research in animal diseases, and another 
institute is being established in Kenya. Another livestock institute is 
also to be established in Ethiopia. There is a vegetable institute in. 
Taiwan and an institute in Lebanon doing research in dry-land farming, 

a Mediterranean type of agriculture, and a potato institute in South America. 

On this last slide I want to show the kzinds of funding available 
for the international institute, system. Look at the bottom line -- $32 mi-llion. 

These various donors came together through the actions of the Rockefeller 
Foundation and Ford Foundation because it soon became apparent that the 
two foundations could not establish enough institutes and keep them going 

to solve all the problems of food production in the tropics. It was there
fore imperative that something be done. So, here was an opportunity for 
the world donors to come together to pool their resources and establish 
institutes that would function in the tropics. As you noticed on the map 

I showed you, all of the institutes were located in the tropical zones of the 

world and directly in areas where they could carry out their functions. 
Well, you can see the kind of money that has been mobilized in support of 
this international institute network. 

At the present time, as you can see from the hand-out that 

I gave you, if you look at the column of the world's major crops, you 
will see that all are now covered by some international institute. You 
may well ask what kind of activities are carried out by these institutes. 
The first thing they do is to become the world center for a particular 
crop. That is, they have the responsibility for collecting all of the 

world's germ plasm. In other words, corn grows all over the world-

up in the Himalayas, in Me-xdco, Central America--and. what has happened 
over time, even though crops originated in a particular climatic zone of 

the world--what has happened over time through the influence of the environ
ment is that we have expressions of different characteristics of genetic 
qualities that have come to the fore. Thus, there is a wide variability 
in the genetic make-up of a particular crop. 
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After collecting the world's germ plasm, the first thing that 
the institute does is to screen it and find out vhat are its attributes and 
what cialit-ies th,(..e in- p1a sm possesses that can be used and manipulated 
to increase food production. Their next tas, is then to act as a sort 
of clewir.hon:-se For informiation, and as they co]lect the germ plasm, 
they can I:;J]e it available to the nations hoineed it. The institutes 
also onimctr7,niwnv;ch is a very hevy component: and of vital 
importanco to in',.t deo,-(:A(n, natiols wlhich are face d wth manpower 
probllmos. ']Training i:: ccuucted at all levels--the prcduction level, 

hMaster':; ,Oyr(., P°h. ). deroe, po4t doctnral work- -for scientists who 
wvish to cone to an i,,stitut, to wor onl a particular problen. 

vn arc 
differ ent--they are dif orpo;t both culturally and sociallyl. When we 
begin to devnelop technology for Liie tropics and the devclping nations, 
one must take hii. into conside rat ion. What arc the inplicafions of 

all tiis? In the case of ag~ricu lture, there are countries that may bc 
faced vith the sarnle .ind of prolcnis after thcy have spent several 
generaUns doing the s aime . \'' dtidh--' ryin,_ to transfer stern 

The othec iu. w.e ut remnber is that the tropics 

h '"V 

ternperate,- vo W( 11]n ,(I.- d evu1o' ,d counitrics, tch:ncologyy, th e to the 
tropics. t doe sn't work, and thuirefore we had to t:al:e a differeint approach. 

This is col. 0ijiy one' o[Lthe i riplciv01 :: :: . The o:hor imipJ*.calion was that the 

probleln va:" so ]ar :0 and so conj'o: flat no one institution can handle 

it. It: wou'ld have Io bAe a c or r ions ando1n doFor!t e in-1.1>tut individuals 

poolu:, teir outs i hrmi. scll, , mechn:im,]W the ve'y best talent 

had tio bro:g-ht tope(tller to s olve some of these probloins. 

As I ' tlbrou,out the world, Itravel. through developin co11tries 
see all sorts or mon tros:iis. I see c.nine ring tchnolo,y -whichis 

poorly suited for devel opilg iiations; I see bigmnachincs: I see computers, and 
1 see all sorts of advanced techi0oogy in societ:ies where you have great 

numnbers of polie who are uneiuiployed, where you have inCoeme distri

bution ])ro]lc-n:;, W're nnt roing to got around this ]roblem by trans
ferring t.chnolog. -Tore in t:h e United States, agrcultural technology 
has vmade fMod very cheap. But: lool: at wmat: has happened here. It has 
di.;piaccd a nuilbor of people, and I'm sure that the social costs when you. 

add then q1 ar, mvore important than cheap food in the supermarkets. 

I can see time need for instii:utions such as Iloward ,gettin- involved 
in establishing, first of all, closer points of political s:r'ength in developing 

countries, perhaps with anotHier institution. I can see opportunities for a 
network of those strengtis to be foste red. I can see opportunities for 

developing t:raining courses that deliver a. technology that is suited to 

people of developing countries in their present circumstances. 

As I was telling Dean Pierre just before this ]ecture, I am 
absolutely di sgu steCd with agricultural technology in Aincrica, but more 
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in terms 	of vhat it does to developing nations. I just finished putting 

a l)ip er in which I say flat it jis alinost worth a solution to
togcthcr 

nt-; come to tlic United States with 
start all o-,r again lw(cause st,'U 

a completelv (idiffer ctAbac:,rou .l ano. set of e:.:D rences:(, etc. The 

for them. All we dolitile or no mneai nqthings that ve teach have 
wherc an 

is reproc;w: .ve ric a probf]eenis and solution s. I can see 

a very promiJnent role to play
as -iov.ard could haveinstitution suchl 

in Africa, in Anglop]hon( Africa. 
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A MORPHOLOGY OF TRANSPORTATION IN DEVELOPING 

COUNTRIES: A CASE STUDY OF AFRICA 

Neville A. Parker 

The objectives of today's discussion are first, to define the 
role transportation plays in clve] opi u econorni.cs and second, to share 
inform-ation widh you regarding the state of transportation in independent 

Africa, both from at phy.sical and or, ani:,:-:,tinnal str: on (point. !asically, 
my expectations are coincidcI Ct[ the ci.:ecc.fions of thi.s s ein nar series, 
i.e. , for a ceeper appr .ciation of tac'ical and stratei c inmnu'nance of 

transpt,-rtation i nfr -truc ture. I also e:pec: that: a;, a re.;u It of v,'iat wC 

are going to talki about today, soInu Avgorous discussion vil] follow the 
formal pres entatio,. 

I decided to Pr, the node of a slide show. I am not so sure 
of the mei si of this, but it Certa 0]V Ic0t.a; it ca scr to re n b o)(:r w hat 
you v.,ant to say--ij puItna ii: on a slide. First, I want to orient: us all to 
what we inean by transportation. I know that rnost people think there is 

no problem in cjing trans portati on but I want to do it anyway. A very 
simpie c_eflnitn of trans porta tion is: "the inov(,rrent nf persons aud goodis 
from one poi nt to another as quicT:ly, as cheap]y, as c nifortably, as safely, 
and as reliably as possible, within the Iimnitation N of the resoqurces available. 
I think that this last phrase - "within the liitations of the resources 
available'- - is very important v. n we tal. aboutf: transportation in developing 
countries. What do we mean by resources? When we talk about resources, 
basically what we are talking about is some cobiination of the folloving 

thing s: 

(1) 	 The guideway, that is, the kind of facilities that are 

available, whether a road or rail, a channel in a river 
or a channel. approaching a harbor, and the netx\ork over which 
these things are spread. In other words, is it just one 
road between two points or is it a number of roads between 
two points or is it a number of roads connect-ing a number 

of points, etc. ? So the facilities and the network are 
important when we talk about the technology available. 

http:econorni.cs
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(2) The vehicles that ride on that facility. For example, 

if you have a roadway, is it a truck, a tractor-trailer, 

an ordinary little car; what kinds of trains do you have 
running there, what kinds of boats do you have running 

in the channels, what about the pipeline size, etc. ? 

(3) Maintenance is a very key problin especially with 

respect to developing countries- -what is the maintenance 

technolo-y that is available? 

(4) 	 Operational policies. in other words how do you route 
the vehicles that are available to you, how do you schedule 

them, etc. ? 

(5) 	 The: personnel available to operate all of these facilities. 

So we taik about resources \vitl respect to providing transportation for the
 

-nove-in of peop]e and goods in sonme efficient mai,-mer as defined by
 

whocver the deci- jon in]iahl'ers are. We have to talk then about some combi

nation of techol l(:y invoivhig guidevs, the vehicles, the maintenance, the
 

operati.jq, policies and the pcrsonnel involved.
 

Nov', when we talk abou[ these guidleways, one of the things that
 

has to be dealt with i; flie connparij.on of technologies available. I want to
 

discuss very briefly some of the technologies that are available.
 

Watcrvav's. Why opt for watervays if you can use thei? JWaterways provide 

low-cost Inove-eno-11t of bulk commodities for both long and short hauls, all 

things bein, equal. If vat'erways are available, then low cost inovemen0t of 

bulk coinmoditi es w%,ill be facilitated. This is very key especially in the 

south central part of Africa because there are a lot of natural waterways 

that are totally unexploited to (late. 

Railways. It is an economical means of moving bulk material over long hauls, 

and where thcre is a very high traffic density. Again, I think this is a very 

key thing because one of the problems today is that if one looks at all the 
developing countries, railways are definitely on a decline. How does 

one justify railways being on a decline against the fact that it does provide 

an economical nicans of moving bulk a great distance and over high traffic 

density? There is an advantage there, but I think the problem here is the 
competition vitlh roadways, and, of course, the institutional mechanisms 

that exist in the countries themselves. 

Roads. Very reliable and economical for truck hauling. This transport
 
means has definitely improved over the years. It is a feasible form of
 

mechanized transport where traffic is light. Perhaps one of the most
 

http:connparij.on
http:operati.jq
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important selling points for roadways is that it does provide flexible 

routing in that it can go to a number of dispersed points much more easily 

One of the problemvs v.4th athan a railraod and service is fairly fast. 
that one has to allow a lot more time for deliveryrailroad, of course, is 

than for truck haulage. Another coiriparative advantagek of a roadway is 

that it does provide access to land and resources throuphout the entire 

length, i. e. , you can got off at any point. it is accessible at an infinity of 

points along the roavay for all practi cal I:r vhereas with railyooss, a 

road, that is not true. In otlhe:r '.- s, if One IIIUst UtJ) every few hundred 

feet, it mooh ue (ccJnoical to operaite a railroad in thatbecoi.es :I,.Ch 

mode than it is to ope ra:c a hi hv'al" v.'[I tr'c]h ., runil n0 ov r it in that 

mode. Another very im.portant thing, too, is thai: a roadway can 

acconmoodate all kinds of traffic. What (10 we mean )y that? 'NCll, 

if a roadvay is constructed, a guy with his don"l: ev cart, if he has been 
that particularaccustoed to h gthings wth his cart, can still use 

can haul things like a rick-shawv.facility or he can all: on it, or he 

So the roadvay can facilitate both the movement of mechanized transport 

and the eisting so-called prirrotIve incans of transport. Thus, it is no 

accident that a lot of inoney and investinrents in dovel oping c ountries are 

now going into roadways. it is because of these comnparat :i,. advantages. 

Air. Air is a very irmportan1, trav i -ayover C>:tro eley rugh, ery diffi

cult terrain. That i s al.I want to svy about that, e(cept for t:he fact 

that within a deve]oping Pconoun, huat would be de.sirable, are air carriers 

capac ity, but at the .;anc tinre l)orim itthat can provide very high hauling 

operation on very short run,%,ays so as to 1mmiinize investments in building 

runways, etc. 

Pipe]ines. Very lov unit cost trans;port for liquids and gases. Perhaps one 

of the most important advantages of pipelines is that it is relatively unaffccted 

by the weather. IWhen ve talk ablout roadways or any hind of tran sportation 

facilities in developing countries it is very important to con sidier \veather in 

the design, mainteoance and operation of their facilities, because of the fact 

that many ti hes, w. thar is the :ey prol)]em. There rnighit be x thousand 

miles of roadvay v.haen lool:ing at the total. account, but perhaps nine nonths 

of the year, only I/ or 1/5 of x are possible, and therefore weath er condi

tions are a ver, important factor to be considered. 

Nov, when we tal, about the choice between these things--how 

to ma.e a .hoice between these technologies given these conjparative 

advantages, as we said before, one has to4hal with the cost characteristics and 

the service characteristics--what are the levels of service one can get from 

employing a particular technology? low cheap is it to operate, how fast 

is it, how reliable, how safe, etc; what about the economics of each of 

these modes? One has to worry about the input of capital, a very critical 

thing .because one might well have to expend a lot of foreign reserves in 

order to invest in a very sophisticated system that results from attempting
 

a wholesale transplant of technology from a so-called developed country.
 

http:becoi.es
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What about the whole problem of managerial talent? The 

more sophisticated the transportation systen, the more demands there 

will. be for and upon managerial talent. Technical skills will have to be 

molilized, anid that could be an cxtrenmly critical constraint upon the 

system that can actually be utilized. 

One of tli-( things that one has to keep in mind in any developing 

economy is tat a transpm-ftation system is:; not an end unto itself. It has 

to fit into lb-e total overall dev cloFruent objectives. So, ther efore the time 

constrai lit m-iglht in fact require one to pull back on what might appear to be 

a real ice ool iiing ;y sten, , to sometling that can operate with],in the given 

time con straint for operati on. V/rhat about the 'quirements for maintenance 

and operi on'? I do nol: !k-now of any vehicles that have been designed in 

developilig counltri es to meet the conditions of the developing areas. It is 

usually a ca.se vhcre one come.s up here, buys a truck, and takes it back 

somnvplace and liopv s that it functions cffici enty in a different environment. 

What lappic.i., is tihat the requierients for maintenance and operation of those 

vehicles and those facilitic-s can , in fact, get you into trouble. What about the 

ability to crc,! capital? IC one cannot produce the capital, where does it 

come From. Tio."does it a fcct foreign ex:.change and how does it, in the 

long ru, affec: the entIre- eool-iuc acti,,ity? One has to consider very 

seriously, fr-om1 an c onUMI c standpoint, not only in term-is of engineering 

econor 'cs, but in terms of the cc'nomics of the countries involved, what should 

1)e IhC ltcrli\tiy technoloiies', and what should be the mixture of technologics 

that should b utility,,! in order to meet some transport ojectives. 

Now, we said that transportation is not an end in itself, that it 

has to tie in very closely with the overall development objectives. So, I 

just want to lis: here some of the things that transportation ought to serve 

Nov,, I am not saying that this is particularly unique to developing countries. 

I am silmply stres sing this to point out that certain stages of development re

quire tha: particular attention be paid to the effect that transiortation can have 

on these differenit: [hilinis. One cannot- afford to build transportation net-orks 

cannot afford that luxury as you can in thefor transport'ation's sake. You 
United States, for example. I will just list some of the things that have tobe 

taken into considerationi when one attempts to put in a transportation infra-

Structure. 

Ge(:tin," land into )roduction: Obviously, if there is no way to get the produce 
out, you are not going to develop the land, except maybe for bare subsistence 

farming. One has to talk about marketing these agricultural commodities. 

That is a very critical thing because we are all aware of the distribution 
over there is , in fact, transportation.problems; and one of the problems 

Even if you did produce the goods, how do you actually get the goods over 

the network to the people -who need them? The lack of transportation 

becomes a vcry important constraint. 
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Making forests and mineral wealth accessible. If you cannot get in to 

.moVe"itinand-out-whete itis-needed.--then-you-might--as-well-not:hav.
 
it. It is useless. So you can have a rich continent with poor people 

because you have no way of getting those goods out. Now, keep in mind 

the fact that I am not suggesting that just putting transportation there that 

every one will get rich. I am just simply pointing out that one has to 

have the transportalton infrastructure in there to allow you to do these 
other things. So, you do not do this unless you are prepared to follow up 

with the other things that will increase the economic activity in the 
region. 

Developing industry. If your transportation system is unreliable, then 

industry is going to have a tough problem in planning its supply schedule. 

How does it get the fuel to meet the needs of the machinery to be worked, 
etc? 

Expanding trade. That should be intra- and international trade. Without 

the transportation system, you cannot move the goods from one point to 

the next, and between one country and the other to stimulate trade. I think 

you will see that it is very true of Africa that the transportation system was 
never designed to facilitate either intra- or international trade. It was only 
designed to get things out to the port so you could move raw materials to 

the mother country. 

Conducting health and educatioArjr t_.rarns. Once again, you can have the 

best docthrs in the world but unlessyou have some way of getting them 

to where the people are who need their help, then you might as well not 

have then. So again, transportation helps to meet these developing 

objectives. 

Exchange of ideas. This is also very important. In other words, if you 

have isolated villages or isolated communities throughout the country, then 

it is not very easy to exchange ideas unless they can somehow communicate 

and move around. Now, that might be gocd or ba-id. You just might want 
to not put in a transportation system to deal with that because one of the 

objectives may be not to exchange ideas, because you can see that on an 

international scale or on an "across-the-ocean" scale that this could be 

a problem--the fact is that you can come here and get infected or stimulated 
by ideas which might be totally useless to the economies that you say you want 
to return to. So transportation does facilitate that exchange of ideas, too. 

National polit-cal unity. How do you get around when you have to campaign 

and so forth? 

Now, that we have said all that as a very lengthy introduction,
 

we could probably summarize it all into what you might call a Transport
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Problem. Available transportafion was developed primarily to facilitate 

movenicnt from points of resource to the coast, so that one finds that, 

especially vith respect to railroads, that they are all oriented towards 

the coast, not to allow any intra- or international trade, As a result, 
grov.,tb o ccurred in port citi. (:;. There is poor vnaintenance of rolling 

stock. There is imad eq ,ate e:ploitation of waterv.ays, where possible. There 

is a lack of ,.ll-trajncd per:-onne.l for Pla1nning, management and main

tenance of an- effi ceni: transport system and the qcuestion is how much of 

the scarc : reso Urcc:; .'oudbe allocate4 to transportation in order to 

achieve d(e.lopri (wnt oals. 

The independent tates of Africa are attempting to alleviate 

the'st problens via the crcation of a new rational system of transport 

lines. I rcr v"on to the Afric 1'egional Plan of the UN World. P1an of 

Action v.,hi ch '.as pubsi'led Just recently. This rational system has 

dividcd t:e tran!- nort Ii into three types:ziks (1) penetration lines which 

-will colnect each c(oflnt: rvith the out"svde world, providing access froll-I 

port , to areas w]'erc th':re is some cconon-ic ac iv~ty in th hinterland; 

(2) ax:, of intc., ration, "h"'v111 facilitatc, international trade and coopera

ti on; a nd (3) nltIona.1 netv.orks which willin effect dcvelop in each country 

itself Ii:t 1l,3,:1n Serve as"fecdcr lines to iUl axes of int:egra0tion and pene

tration linies. 

Therc: i; also the prnblern of st nmdardizatinn of transport 

netvork1s,- in ter!ns of the p'oCi itric dosign of the links, and capacity by 

volumlc, and wei t, This is a very critical problem, because, especially 

with reS;pcc' to railroads, it is not: uncon mon to find in Africa, two rail

roads of different gauge s con ing togclhe(.r hucause they were built by 

differenil: colonial powervs at diffcirent time, to serve different needs. A 

trans-shipm ent: is a,'ti ficially created which in turn introduces inefficicirdes 

into t:hC ,yste'n for nmovine i:oods aronrd. To appreciate the capacity 

problem, ilagine you are driving forty- ousand gros s-tonnage trucks on 

one road to ano'Lh er which canlinks Avlll)hup road only carry ten tons. Th en 

there is the opcratiion of tran sport: nit\vorlks with respect to personnel manage

menit, ma int;enance and vhat appears to be a big problem, customis and 

immig raion laws and practices. .1ccauseif you are going to facilitate 

international trad on t:hic same continent, that does beconre a problem 

and it is being addressed on a joint basis by all the African countries. 

Now I want to show some slides to give an overall feel for 

what is haplenin" with respect to the plans that are being made to deal 

with t:he problems that i have just outlined here. Before I do that, however, 

I want to define Africa. I think that is important because when I talk 

about Africa here I am talking about the .1l independent member states of 

the Economic Commission for Africa. That excludes Azania, Angola, 

Mozambiquce and Zimbabwe. Independent: Africa is divided into four regions. 

North Africa consists of Algeria, Egypt, Libya, Morocco, Sudan and 
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Tunisia. That land area is 8, 244, 718 km squared with a population 

of 90. 83 million. West Africa includes Dahomey, Gambia, Ghana,
 

Guinea, Ivory Coast, Liberia, Mali, Mauritania, Niger, Nigeria,
 

Senegal, Sierra Leone, Togo, and Upper Volta. This region has an
 

. area-ofl.6 ;i41y207- km-squaredvwi,--vithra-population . of-O5. 4 nnilliOn .................... ..... 

estimated for 197Z. Central Africa is made up of Burundi, Cameroon, 

Central African Republic, Chad, People's Republic of the Congo, 

Equatorial Guinea, Gabon, Rwanda, Burundi. and Zaire, with an area of 

5,377, 042 km squared and a population of 44. 4 million. Then there is
 

East Africa made up of Botswana, Ethiopia, Kenya, Madagascar, Malawi,
 

Mauritius, Somali, Swaziland, Uganda, Tanzania and 'Zambia. Note that
 

Mauritius and Madagascar arc islands off the coast of Africa which are
 

defined by Africans to be part of Africa. East Africa has a combined area
 

of 4, 868, 246 km squared and a population of 84. 79 million.- I mention these
 

statistics because it is going to be important as we look at a set of
 

statistics and attempt to interpret them because as you well know,
 
statistics can tell anything. So, to make this a little clearer, what I
 

will do is compare these statistics with developed countries. In order
 

that we can get an idea of the order of magnitude we are talking about
 

I will present some information with respect to the areas and populations
 
not only of Africa itself, but also with respect to the so-called developed
 
countries. When we look at the areas and populations, I just want to point
 

out that this is supposed to be the number of persois per square kilometer.
 
Note that Africa (41 member nations) have 13. 2 persons per km squared,
 

and here we have France with 91.5, Germany with 240 approximately,
 

Japan with 277 and the United States with 20. 8. So that just gives you
 

an idea of the demographic-geographic characteristics of these areas we
 

are talking about. You might want to raise some questions of that 13.2
 
versus 277. I will leave that up to you.
 

Let us now take a look at some statistics on the amount of
 

roadway kms. in each of the different regions of Africa. For example,
 

take Algeria, with 95. 83 thousand km of roadway. However, permanent
 
roadway is only 18. 46. That is critical. Why? It is critical in terms
 
of having a roadway or network system that is available for use at all
 
times of the year, the critical thing is what's permanent as opposed to what is
 

so-called improved. So, if we look at the percentage of all weather roads
 
(incidentally, an all-weather road could also be a gravel road; it does not
 

necessarily have to be paved; however, when I attempt to break the
 

statistics down, I distinctly look only at the paved), it turns out that North
 
Africa has the highest percentage of permanent roadways of 191. 25 thousand 

km. with 31.2 percent of it paved. If we were to look at the .density of paved 

roads per unit area, we will see that Africa as a whole, has 4. 2 km of permanent 

roadway per thousand km squared, compared to the United States with 270 km 
per 1000 km squared. Now, I am not suggesting that 270.is an ideal to which 
Africa might aspire; it might or might not be. I am simply presenting this 
so you can get a feel for what we mean and what those numbers mean. Let 

us take a look at Germany with 1168 km per 1000 sq. km of territory-

fantastic density. On the other hand we see that it only has 290. 27 thousand 
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x 100 km of roadway. So what is reflected here is the density. Germany 

has fewer route kms, but very high density. Take a look at the amount 
o..f perimainentroadway 3n each country. Tlh&-Uiiited Stat"Se'.ry-ifi festing- . 

ly has only 42. 7 percent of its roadways permanent. I thought that interesting 
because some of you might have thought that everything around here is paved. 
In other words, 57. 3 percent of U.S. roads are gravel or earth roads. 
Notice that with respect to density of roadways per 100 per square kin, the 
U. S. is below France, Germany and Japan with respect to density. With 
respect to population, however, notice that the United States has the 
highest rating of route kim per population unit. So you might say to yourself 

as a decision maker in an African country, "Well, look, these developed 
countries have the word on everything and if they are our standard--we 
might want to get to at least 1/2 their density in so many years, and what 
does it take in terms of the commitment of resources in order to get there? " 

That is an example of the way you might want to use the statistics presented 
here. 

Let ne quickly tell you what is being done to deal with sorne of 
these problems. I think perhaps the most exciting thing that is going on 
right now on the continent with respect to transportation is the Trans-Africa 

Highway which is planned to go from Mombasain Kenya to Lagos in Nigeria, 
a distance of about 6, 375 km. This highway dll connect East to West, 
something that does not exist right now. Six countries will be linked directly 
by this highway- -Kenya, Uganda, Zaire, Central Africa Republic, Cameroon 
and Nigeria. The feeder ]inks to the Trans-Africa Highvay will link up an 
additional twelve countries--Somalia, Ethiopia, Tanzania, Zambia, Sudan, 
Ruwanda, Burundi, Chad, People's Republic of Congo, Gabon, Niger and 
Equatorial Guinea. Now, a lot of these roads already exist in some form 
or another, either as paved roads, unimproved roads, dirt or gravel, etc. 

So one of the things that has to be done is to upgrade those roads so that 
they will be all-weather roads and meet certain standards of link geometry 
and carrying capacity. 

Another exciting and ambitious project is the Trans-West 
African highway network, a very large percentage of which has already 
been completed. Nearly 55 percent is all-weather. It consists of two 
main routes--a northern route and a southern one; a system of feeder 
routes will link up all the countries throughout the area. The northern 
route goes from Senegal to Fort Lamy and Enjarnina in Chad; the coastal 

route goes from Senegal. to Lagos. Sixteen countries will be linked up via the 
Trans-West Africa highway network to facilitate international trade and 
cooperation. The total length of that network is 17, 511 kms and already 
13, 512 kms is operative as all-weather roadway, but only 7, 842 kms of it is 
bitumen-surfaced. So things are well on their way. A key observation here 
is that if we now super-impose the Trans-African highway onto that network, 
we would note that there will be a continuous roadway extending from the 
West to thle East of Africa. With respect to timing, the Trans-West African 
Highway is slated for completion in five years. 
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There is also a Trans-Saharan highway being planned that 

will link up to the Northern route of the Trans-West African highway, 

goi ng--from Elgolea-through Tamanrasset-in--Alg eri'a to-Mali and .Niger..... 

to link North Africa with the rest of Africa via this highwayThe idea is 
network. 

With respect to railroads, it is again useful to view some 

comparative statistics. Independent Africa has a density of about 2. Z 

km per 1000 km squared, and 16. 6 km per 100, 000 population. This compares 

with 38. 0 and 175. 4 respectively for the United States. What is important 
like. This is a

at this time, however, is what the railway network looks 

classic example of just what the transport system was designed to do. 

coast with the exception ofNote that everything is oriented towards the 

Azania. 

The Tanzarn railroad is being built by the Chinese to get 

copper out of Zambia. I will just mention in passing that before the 
consortiumin an American-British-CanadianChinese came to do this job, 

and said no to the idea, thedid a feasibility study of the Tanzam railroad 

reason being that there already existed an economically viable alternative. 

Which was what? Well, if you look at Zambia here, you will note that 

rail, links to the West via Lobito in Angola, and to the East viathere are 
was made, however, and aBeira in Mozambique. A political decision 


correct one in my opinion given the volatility of the situation in Southern Africa.
 

There is also a new Trans-Gabonese railway which serves a deep

water port. One of the reasons for that is because the interior of Gabon is 

timber and mineral, deposits. Note the coastal orientation of thisrich in 

It is to get the raw material out because there is no manufacturing
railroad. 


industry that can transform the raw materials into finished goods there.
 

I said that the Tanzam railroad was giving Zambia a route to 
to reap otherthe sea. However, Tanzania itself is also reaping or hopes 

a lot of coal and magnetite ore deposits inbenefits from this. There are 

lots of areas with potential for sugar cane and
Tanzania and there are 


wheat ranching in the Southwest portion of Tanzania, which will be made
 

I also want to point out that there is a road
 more accessible by the railroad. 


that is almost parallel to the Tanzarn railroad. It is called the Great North
 
serve as a
Road which is not an all-bitunen surfaced road but it does means
 

for going from the port of Dar-es -Salaam cross-country into Zambia, and it
 

has been used for some hauling of bulky raw material.
 

, Now, with respect to organization, we mentioned that especially
 

with railroads that there is a problem of standardization. There is 
 now a 

Unim of African Railways on the continent, which was established in 
June of last year. ThisSeptember 197Z and had the first assembly meeting in 


union has as its objectives, standardization, expansion, coordination
 



VIll-lU 

and improvement of rail?.y services of member states. So something is 
being done about those problerns that mitigate against an efficient system. 

Let mne, in closing, mention something about ports. There 
is now a Port Management Association in Eastern Africa that was estab
lished last year in April, comprising Ethiopia, Kenya, Zambia, Uganda 
and Tanzania. They have listed as their objectives: "to foster cooperation 
in operation and administration of ports and harbors for the benefits of 
their countries; to cooperate, collaborate and coordinate activities in the 
harmonization of their related laws, procedures, activities and policies and 
to provide the neans for achieving this; to improve the operational and 
financial efficiency of their ports and harbors within the context of the old 
communication and distribution systems of their respective countries and 
to achieve the foregoing by the mutual study and discussion of problems 
a rising in these fields." All ports, from Sudan, all the way down to, but 
not including, Mozambique are invited to be a part of this association. 
Simultaneously with that, there is nov a Port Management Association of 
West and Central Africa. So African people are trying to get together to 
deal with the problems that would lead to disunity with' respect to the laws, 
operations, standardization from one place to the next, imnigration and h 
customs laws. 

So, let me just close by saying that I hope in this brief period 
of time I have been able to give some feel for what is happening on the 
continent, based upon the ilformation that 1 have to date. I hope that 
it has stimulated some of us to go into the area. I think that it is a very 
exciting thing. Transportation as an infrastructure is very critical to 
development: not that transportation itself will cause development, but 
development certainly could not occur without transportation. 

Thank you very much. 

1 
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