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SENSITIVITY OF AGRICULTURAL PRODUCTION TO CLIMATIC CHANGE

P. A. ORAM
fnternational Service for National Agricultural Kesearch, The Hague, The Netherlands

Abstract. Although the range of cullivaled specivs iy relatively re-
stricted, domestic plants and animals exhibil considerable resilience Lo
stochastic shocks, and the study of Lheir ccological adaptabilily and
critical physiological and phenologival requirements is a valuable first
step in determining their nossible response to climatie change. Methods
of assessing agroclimali. suitabilily and their limitations are discussed,
and suggestions are made for simulating the probable impact of shifts
in the main climatic parameters on the productivity and spatial distri-
bution of key crops and livestock. Some regions and crops are climati-
cally more vulnerable than olhers; some regicns (in particular Noith
America) are strategically more critical to the stability of world food
supplies, while in others resources tor agricultural production are
under more severe nressure.

As wel) as atlempls Lo foreeast long-term climatic trends and their
effeets on agriculture, combating climatic variabilily merits high prior-
ity. This is an ever-present source of instability in rroduction and could
be enhanced in assoctation with chinging climaie. ILs maegnitude differs
widely among crops and geographical regions, bul its impact from year
Lo year is cften greater than that predicted from elimalie change even
in extreme scenarios. The paper indicates a number of polentially desir-
able arcas for aclion and suggnests that several of Lhese would be
beneficial bolh as a buffer against short-term cffects of variabilily and
as a means of combaling elimatic change.

1. The Inherent Vulnerability of Productlion Systems

While undisturbed ccosystems are the climax response of vegelation to soil and
climalic influences, agricultural systems represent induced changes in the
natural balance tmposed by man and domestie animals. They comprise a much
narrower range of speeies than would normally be found in the natural environ-
ment; morcover, because Lhe microclimate may be modified by human maninu-
latien (drainage, soil amendment, irrigation, cle ). production systems may con-
tain species that would not be found naturally in that arca at all

It is arguable that the artificiality of agricullural production systems
makes Lhem less flexible, and Lherefore more vulnerable to climatic change
than the nalurally occurring species of the ecasystent within which Lhey fit, and
that the more unstable the elimate the greater ths vuinerability is likely to be.
This is a reflection partly of the tire-bound scasonalily of agricultural produc-
tion, particularly where annual crops predominale; and partly of the fact that
agriculture is uadertaken for cconomic ana social reascns. In an undisturbed
stale there is no pressure on an ccosystem lo deliver a product within a given
period; in farming it may literally be ‘producc or perish’.

Time factors in combination with climate largely determine what crops and
livestoek can be supported within a given ccological situation: social and
economic factors interacting with Lechnological change have a major influence
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on determining which will be preferred by producers among the range of com-
modities that is feasible within these elimatic parameters.

Social and ecoromic factors also play a decisive role in determining
whether attempts will be made 1o modify the natural environment, so as to miti-
gate unfavorable constraints imposed by soil and eclimate and thus cither to
introduce new crops, livestock, or trees into traditional systemns or to reduce
risk a.-l increase productivity of Lhose already forining part of these systems.
Modifications introduced into the nalural environmenl may be long-term in
nature (irrigation, reclarmation, terrecing, land clearance, reafforestation); or
quite short-lerm (mechanization, fertilizer and other soil amendments, weed
and pest control, or other cultural practices).

However, whether they are short- or long-term in their immediale impact
on produclion, atteinpts to manipulate the environment may have far-reaching
effccts on the ecosystem within which the production system is contauined, on
other ecosystems “downstream’ (through flooding, siltation, salinily, erosion,
cte.), and on the marine environment. In the case of large-scale removal of
tropical forests they may alter COp sinks and modify rainfall palterns. Thus
human interference with the environiment for agricultural production can have
a wide effect thal may compound difficulties and risks imposed normally by cli-
mate, as well as contributing a Turther clement of unpredictability Lo climatic
change in the long run. While the magnitude of lhis change may not be as large
as these postulated for other human influences {induslry, urbanization, ete.),
the interactions of management factors in the broadest sense with climate can
have a profound impact on the potential for agricullural production. How to take
this interaction into account has probably not received suflicient altention and
requires interdisciplinary study involving, wnong olhers, agriculturalists,
climalologisls, and social scientisls.

This paper indicates the more important interactions between clirnate and
food production, in relation to both possible climatic change and short-term
climatic variability. It discusses the need for betler agroclimatic assessment,
and some reccnl approaches to this, and bricfly reviews possible interactlions
between agricultural technology and elimalic variability.

2. Major Climatic and Soil Iactors Influencing Production Systems

Crop responses to Lhe climatic and soil faclors thal critically delermine what
can be grown in a given ccosystem vary widely. All plants have certain
minimum requirements with respect to light, walter, and temperature, but
whercas some will tolerate low or high Lemperalures others will stand no frost
and not too much heal. Some flourish besl under short-day conditions, some
under long days, and some are neutral to day length. Some withstand drought
betler Lhan others, irrespective of absolute temperature Nutrienl require-
ments, pH range, and ability to withstand flooding or waterlogging vary greatly.
The sowing date is more eritical for some specics than for others; and some
plants have a sharply determinate growth patlern, with little flexibility with
respect to date of maturation, while others can be harvested over a long period.
This may be an advantage or a disadvanlage, depending on Lhe production sys-
tem and on end use. There are marked differences in adaptability Lo tempera-
ture and day length belween crops with a C, and those with a Cs carbon
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assimilation pathway. As a broad generalizalion, optimum photlosynthelic
response is oblained at higher levels of temperalure and radiation in C, plants
than in Cq species (Table 1).

Within species as well as between gnocra, there are marked physiological
differences Lthat affect when and where crops can be grown. Thus in the case of
wheal, non-winter-hardy bread wheats such as the '‘Mexican’ high-yiclding
varicties can be sown in the autumun in nild sublropical climates such as the
Medilerranecan litloral of Turkey or in Australia; bul nol where winters are cold
ard there is a lot of frost, as in the Analolien platecau of Turkey. Under enlder
conditions, wheats of this type can h» sown only in spring after the main [rost
hazard has passed; often, es spring wheat yields in the U1.S.S.R. show, at n yield
penalty. In some arzas, for example in much of Anatolia, the spring growing
period is not long enough before suminer drought commences, thus the payofTf
to spring planting is low. The optimuin variety there is a fully winter-hardy
wheal sown in the autumn, on the other hand, such wheats will not pass fram
vegelative Lo reproductive growth in milder climates because a cold phase is
needed as a Ulrigger, so they cannct be sown in the littoral. In most tropical
regions temperalure is not limiling excepl at high altitudes, and water availabil-
ity largely deterimines ¢iop yields; however, water is inuch more eritical al some
phazes of growth than al others, an important consideration when designing
irrigation systems (Bunting ef zf., 1962). Thus lemperature effects of a secular
climatlic change are likely to have a greater impact on production systems in
colder regions of the Farth, while the effeets of a change in tolal precipitation or
its distribution will be most pronounced in lower latitudes.

In general, day length and temnperature are strongly correlated with lati-
tude in lowland areas, while lemperature tends to decrease linecarly with alti-
tude, and the probabilily of suflicient warmth deereases logarithmically. These
faclors are rore predictable and less variable from year Lo year than rainfall.
Low lemperalures and particularly the incidenze of frosl are a major factor in
limiting crop growth (at around 5-6°C), and in delermining Lhe length of the
polential growing season and the aciual durelion of growth of crops in higher
latitudes and at higher altitudes (Monteith and Scolt, 1982). Grainger (19681-82)
plotted yields of four major cereals in the principal producing countries against
the average latitude in Lhose countries and found a high caorrelation, with fac-
tors retaled to latitude accounling for 65% of Lhe varialion in barley yicld, 42%
in polato yield, 40% in rice yield, and 31% in maize yield. While barley and potla-
Ltoes arc nol crops of the lewland tropics, maximum yields even for rice were
oblained outside the Lropies. Grainger attributes the lalter to insufficient day
length and excessive temperatures, but seems Lo overlook climate—disease
interactions. lowever, except in relatively primitive production systems there
s some danger of attributing too much simply to climalic factors. Climate is a
major determinant of what can be grown successfully; but nonclimatic factors
relaled to variely, technology, access to capital, prices and availability of mark-
els and inpuls, land tenure, Nlood control and irrigation, and education levels of
farmers are often the key faclors determining high vields.

While the range of physiological adaptability of plant species is remarkable,
and provides considerable buffering capacity againsl Lhe variabilily associaled
with climalic change and other stochastic shocks, it also means thal a fairly
profound knowledge of bolh their potential and Lheir limitations is required



TABLE I: Average Photosynthesis

Response of Four Groups of Crops to Radiation and Temperature.

Characteristics

Crop adaptability group

1

11

m

Photosynthesis pathway

Rate of photosyn-

thesis at light satura-

tion at optimum
temperature
(mg CO; dm™2h~1)

Optimum tempera-
ture for maximum
photosynthesis (°C)

Radiation intensity
at maximum photo-
synthesis
(cal ern~2min™!)
Major crops of the
study

Cs

20-30

15-20

0.2-0.8

Wheat

Potato

Phaseolus bean
{temperate and
tropical high-
altitude cultivars)

Cs

40-50

25-30

0.3-0.8

Phaseolus bean
(tropical cultivars)
Soybean

Rice

Colton

Sweet potato
Cassava

Ca

70-100

3035

> 1.0

Pearl millet
Sorghum

(tropical cultivars)
Maize

(tropical cultivars)
Suvgarcane

70-100

20-30

>1.0

Sorghum
(temperate
and tropical
high-altitude
cultivars)
Maize
{temperate
and tropical
high-altitude
cultivars)

Source: Food and Agriculture Orgarization (1978, Vol. 1).
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when modeling production systemns and Lie possible effects o climatic change
on those systems We sce this from Carter and Parry (1984), with respeet Lo sow-
ing dates. This apphies i mueh Lo livestock-dominated or mixed systems (as the
lecelandie exinnple for hay illustrates: Bergthorsson, 1985, this issue) as Lo sole-
crop production The problem becomes particularly diflicult where mixed crop-
ping is practized, such ax with maize and beans 1 latin America, annual
cilsceds and cereals in South Asia, or mulliple cropping in Southeast Asia. The
arca of such cropping is not unimportant now, and it may well increase in the
future ss aninsurarce against uncertainly if climatic insceurity increases.

3. Assessmenl of Agroclimatic Suilabilily

I order to facithtate wark on developing crop-climate maodels it therefore
seems desirahle Lo cutalogue the main cultivited species in terms of the faclors
that deterimine there serochimatie suitability and degree of flesibility to tolerate
climatic <hifts: These factors imclude thew carbon assinnlation pethways, and
their enttical requirements with respect to temperature, day length, moisture,
sowing date, length of growing seazon, grawth phasez, growth habil, radiation
duning the growing pericd, potential Lranspiration, soil type, ptl, and moisture
storage chiaracteristics, dramage, and crosion hazard  For some years the Food
and Agrienlture Organization (1978-80) has been forining an assessinen! of
agrochrmatic suilabihty somewhal aleng these lines, for 19 of the most Impor-
tant crops urthe world in terms of the area Lhey ocenpy, then totad production,
and itz value These crops are wheal, riee, tnaize, pearl millet, sorghum, soy-
bean, cetton, phaseolus bean, white polato, zroundnut, sweet potato, sugarcane,
and cassava

The  baxie characteristic for determining  crop  adeplability in Uhis
classification 1= photosynthesis. Thss s defined for a much larger number of
crops than the major crops listed above, in fact, ovor 60 These crops are divided
. or CaMY,

and on Lhe response of photosynthesis to temperature and radiation, because

into five groups bared on their carbon assimilalion paihways (C3 C,
these factors deterinime productivity whea the eliimatic phenological require-
ments of a miven erop are met, Lthal 1s, temperalure. water avalabihty, and pho-
toperiodisi (Tauble I3 The phenological calendar s based on the lensth of the
growing =eason, determined either by waler availability and waler balance,
including cotl morsture stocage, or by the combination of water availabilily and
Lemperature. The spatial distribution of soil units is then vectored in, based on
the Soil Map of the World Net biomass production and yield are then calculated
for the major crops mentioned above under an assumplion of freedom from
agroclimatic and sorl constraints within the growing period; and finally, assump-
Licns concerning yield losses due to the four main constraints moisture stress:
excessive wetness; pests, diseases, and weeds; and factors affecting yvield forma-
Lion and quality} are imposed Lo arrive atl an agroclimatic suilabilily assess-
ment Yields are caleulated at Jow and high input levels and varied according to
altitude/temperature changes al different intervals for different crops.

The mamn product of this studv is a series ol generalized regional maps of
agroclimatic suitability showing isolines of Jength of growing scason. The agro-
climatic suitability for Africa is illustrated in Figure 1. These maps are accoim-
panied by Llables, showing the arca of Jand in cach major climatic division in
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Tropics‘subtropics
<~ Summer/winter rairsall

o~ 0

~ MNormal isoline

~-= " Intermediate isoline

-
-

il High attitudes/cold or cou!
Very suitable
[ Jsuitable

Fig. 1. Generalized agroclimatic suitability assessment for rain-fed production of the
phaseolus bean (source: FAQ, 1978, Vol. 1). Isolines show length of growing scason.

four classes from ‘very suitable' to ‘not suitable’.

The regional studies have now been aggregaled into a repurt that relates
potential production of 14 niajor crops plus pastures and livestock to actual
populalion in 1975 and projected populalion in the year 2000, at three input lev-
els, in an atlempt tc determine the capacily ol the developing countries to sup-
port a larger population and o identily critical areas where land resources are
inadequate to meelt food needs (FAO, 1982).

The approach followed by the FAQ may provide one basis for agricultural
evalualion of climatic change, since the zones ol least suitability are also

¥
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indicalive of marginalily and high risk for Lthe specific erops described. However,
the model would need some refinement for this purpose since il is nol, as it
slands, a climale sensitivity analysis. 1L does not atlow for climatic change,
although it could probably be adapted "o simulate. this, so Lhat shills in the
clitalic suitability of land for a large range of crops within broad geogranhical
regions or even individual countries could be looked atl. Nor does il cover all
climalic regions, being confined essenlially to the developing countries of the
sudtropics and a few Ltemperate arcas al high allitudes within Lhose regions.
Thus it omits the main grain-preducing and trading counliies, including Aus-
tralia, Canada, the U.S.A., the USSR, and Weslern Varope. Another limitalion
of the model is that it does not map current land use (although the aggregate
study makes somne effort to show which are the dominant patterns), and there-
fore doex nol indicate which erops would actually be affected most by climatic
change, and where, Poor validalion also reduces the vidue of cortain other stud-
ics with somewhat similar objectives, such ax the altenipt by Buringh el al.
(1975} to caleulate the maximumn food production potential of the world. The
FAG sludy also looks only al food production potential, and assumes that all land
will be used fTor food production. A “Throwaway' paragraph at the end ack-
nowledges that up to one-third of lund arca may be required for cash craps, but
failure to incorporale Uis e the analysis seriously weakens its relatively
oplimistic conelusions as to human carrying capacily

Nevertheless, this study is of greal interest and counliins some usecful
pointers to analysis of the impact of climatic change on agriculture. It shows,
for example, the important interacltion between elimale and soil, and indicales
thal zones with severe climatic and/or soil constraints generally respond poorly
Lo increased levels of tnputs. Soil faclors are overriding on elimatic potentials in
a number of situations, expecia'ly at low input levels, and unchecked degrada-
tion of scils is estimated 1 lead to an overall decrease in productivity of rain-
fed tand in the regions studied of 18.5% The highest polential carrying capacity
(0.74 persons per hectare) oceurs in Lhe wariner areas of the chmatic regions
studied (rmuch of the cooler land is at higher altitudes) and (exeept where irri-
galion 1s widespread) in the areas wilh long growing periods exceeding 269 days.
These are mainiy in the humid lowland tropies where population densily tends
to be low al present because of the prevalence of human and animal discase and
the debilitating clisnate. The impact of a global warming trend would probably Le
smaller al these latitudes than in colder regious; bul if it led to reduced precipi-
tation south of the Sahara it could have catastrophic eflecls on the alrcady
deterioraling Sahelian zone, while perhaps benefiting the potentially productive
wetler arcas further south where tsetse 7y is currently a serious impediment to
scetlled crop-livestock furming.

This illustrates the need to look carefully at potential interactions between
chmate and othe: faclors, some of which (such as soil degradation} may have an
impacl on agricultural produclion as large as or targer than thal which might
result from a moderate global warming or cooling lrend. 1L also emphasizes the
imporlancc of Lrying Lo assess and balance the likely geographical distribution
of gains and losses that could resultl from any global clirnatic change, and espe-
cially how the cconomically disadvantaged regions might fare in such a situa-
tion.

./\
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Because of the critical buffering role in world food production played by a
number of Lhe temperate countries nol included in the FAQ study, it is impor-
tant te examine how their production capacily might be affected by climatic
change in any overall altempt to obtain a long-term view of the prospects Tor
world food supply and food s¢ urity. Extsting reports from industrialized coun-
tries do not provide an adequale base for this Lthey tend to be variable in their
methodology and assumplions and, because they are often quite location-
speaifie, present some apparently conflicting conclusions as to the effeels of eli-
mnate onagricaltural production. Altempts al a more global view tend to founder
on the inabilily of experts to s ree on the direction of change (Nalional Defense
University, 1980)

IL would certainly scem worlth while to alltempt to simulate the tikely
impacts of shifls i temperalure and Precipitation o the vields and area bound-
aries ol the major temperate erops, and to relate these Lo ri<k and payoff ta
changes in land use This might be done by wodifying the FAQ model, or by
filling the gap threugh agapling other models simulating chinatic change (Willi-
atns and Oukes, 1970, Hough, 1981, or Palulikof of al., 1983 The sconarios in
these papers are based, at least in pal, on temperalure solines for constraint s
definvag the length of e growing seaxou, and, it Hough's mode!, on pliotosyn-
thesis, as o the FAO Anroccological Zones Project described above. Stewarl has
followed thie I'AO approact i a =tudy of {he agroccological potential in Canada

Fwo important pomnts curerge from some recenl assessments First, as
another Canadian stady shows (Williams and Qakes, 1978}, the most casily
meazurable effect of chmatic change may be a shift i area - i Lhis case a very
large decrease fTor wheat o Seolland there js a sitilar effeel for oals, comnpli-
cualed by the mflucnee of altitade (Parry, 1978). In order to measure the poten-
tial impact of sueh shifts one would first have Lo assess Lhe now houndaries and
patterns of productic resulting from elimatic change, and then recalculate
yreld Tor the predonnnant ol and chinatic variables in Uhe new zone of produc-
Lion This leads to the =econd pamnl, the soil factor. In ligher Tatitudes lond at
the margin of cultivalion = oftea of sery low fertility, with low pl and anacrobic
condilions due ta poor drainase [t s by no neans cerlain that o rise tn em-
perature would cnable large new arcas of land Lo be brought inlto cullivalion,
even in relatively fal arcas; the polential of upland arcas may be more limiled
st U as interesting Lo nole thal in the Canadian examnple the effect of a lower
Ltemperature regime on barley production would be less Uhan that on wheat
parlly because the area from which barley would retreal would generally be one
of poorer soils than thal occupied by wheat. It mighl be possible Lo substitute
another short-maturing crop toleranl of poor geomorphic condilions, such as
rye, oalg, buckwheal or triticale, for barley, bul the hkelihood of adequatle payofl
Lo such a change is uncerlain.

4. Fconomic Sensitivily of I'ood Production Systems to Climatic Change

Because of the juxtaposition of malural and socioeconomic infiuences, food pro-
duclion systems can vary widely even within a single ecological region. Theoreti-
cally, this makes analysis of future production possibilities under a situation of
climatic change quite complex. However, in practice, there arc certain dom-
inanl farming patterns associated with given soil and climalic situations, which
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are dictaled primarily by soil/climale/slope faclors, and which have led Lo Lhe
eslablishment of marked diclary preferences for specific crops and liveslock
producls. These originaled in an historical context of geographical isolation,
subsistence production, and limited human mobility; but, despite Lthe introduc-
Lion of new crops, the influence of urbanization, and rmproved sturage and
transportation facilities, they can shll be observed loday, not only in the Third
World bul even i industrialized countries (Oramn el al., 1979). This makes il pos-
sible Lo evaluate the probable cconomice impact of climatic change over large
arcax withoul having to deal with an infinity of commodities and microclimales
(Iigure 2).

Table 11 shows the distribution of arca for 13 of the world's major food
crops  The dominance of cereals in Lhe global produclion system is immedi-
alely obvious  [n no broad geographical region do they occupy less than lwo-
thirds of the Tand under staple Toods, and in North Africa and West Asia, Aus-
traha, Canada, Western Furope, and the USSR ZLastern Burope the proportion
is e the neighiborhood of 90% or more. On average it is higher in the industrial-
ized than i the Third World countries. There, the food paltern, especially in
sotne humid tropical subregions, is less cereal-oriented: for example, in Equa-
tortal Africa, parts of Latin Ameriea, and the South Pacific, tropical rools and
tubers, such as taro, yams, and cassava, occupy 107 or more of the 'and devotoed
to food produclion.

The species Torming the ecreal component of land use in Uhe lropics also
differ from those in the lemperale countries, with rice and maize dominant in
Asii, sorghuin and millet in the drier regrous of Alrica, and maize in the more
huinid tropics, both in Africa and in Lalin America, Only in the subtropies and in
some high-allitude arcas of the tropics are Lemnperate crops, such as wheal and
barley or white polaloes, of major significance,

The distrmbulion of rroduction of the major food crops is reflected in food
consumption paltern., bhut with significant nodifications duce Lo socioccenomic
factors and the adequacy of transport, refrigeration, and storagefacilities. Thus,
althougi cereals are <o dominanl in the land-use pattern cverywhere, their
imporlance for direct human consumption tends Lo decline with rising incoines,
while that of meat, dairy products, fish, fruits, and vegelables inereases. Cereals
becorne inereasingly crucial, however, for livestock feed. In poorer countries
their chiel use remains for human nutrition, since demand for expensive pro-
tein of animal origin is constrained by low incames, and livestock of all lypes
are mainly free-ranging in drier regions, with little or no concentrale feeding.

Nevertheless, over Llime, population growth, urbanization, and to a lesser
cxtenl income growth arc forcing up demand for cereals and animal products in
many Third World countries, with an increasing tendency to nrefer wheat or rice
as casily prepared foods of convenience for larger urban populations. This lalter
Lrend is causing embarrassing irnport problems for a number of African coun-
tries thal cannol grow cither crop ecasily (or at all) because of climalic con-
straints, and whosc slaple food produclion has been growing Loo slowly tu match
Lheir needs.

Where food-deficil counlries are short of foreign cxchange, or suffer a
climatic emergency, they may require food aid, but this may trigger or
accelerale changes in consumplion patlerns because wheal is the key main
surplus food commodity both in world trade and in aid, and has become lhe

\
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TABLE II: World Areas of Major Food Crops (1981),

and Distribution of those Areas within Geographical Regions and Szlected

Countries.®
Commuodity World Zage Africa Latin Near Asia Asian All Austyra- Canada U.S.A. U.S.S.R. . All indus-  Zage of
area area 7Zage Am- East (DME) CPE® devel- lia Zage Zage & E. Europe trialized world
(103 area® erica %age Zage Zage oping Zage area area Europe Zage countries total
he) 7%age area area area coun- area “age area Z%age for
area tiies area area crop
7age
area
Wheat 239,381 25.9 8.7 12.3 51.7 14.3 22.0 17.3 68.4 85.8 30.6 41.1 36.2 38.7 60.2
Berley/
cats 106,561 11.8 4.1 2.1 17.8 1.1 1.7 3.1 248 32.5 7.0 31.2 40.0 24.0 83.9
Rice 144,915 15.7 8.2 1.0 2.8 40.1 31.2 25.4 0.6 - 1.5 0.4 0.6 1.3 3.4
Maize 134,024 14.5 17.3 35.0 4.8 7.1 15.8 14.6 0.3 4.8 28.2 8.5 12.6 14.4 29.8
Millet 43,203 47 17.8 0.2 3.9 9.0 3.3 7.3 0.1 2.0 2.2 1.7 - 0.7 6.4
Sorghum 47,762 5.2 13.8 6.5 9.9 7.9 2.3 7.4 4.0 - £.2 0.1 0.3 1.9 14.4
All
cereals 740,148 80.2 65.8 67.2 9822 795 789 76.4 98.3 97.8 72.8 §8.8 92.4 85.8 41.1
Groundnuts 19,329 2.1 6.1 0.9 2.5 4.2 1.9 3.3 0.1 0.6 - - 0.2 0.8
Soybeans 50,219 5.4 0.3 14.4 0.3 0.8 5.8 39 C.3 1.3 25.2 0.8 0.1 7.8 57.6
Beans
(phaseolus)d 24,805 2.6 2.4 10.7 0.6 4.6 1.4 4.1 - 0.2 .8 0.4 1.3 C.1 10.0
Pulses 65,693 7.1 13.2 12.0 3.9 13.0 4.5 1C.1 1. C.4 0.8 4.1 3.2 2.6 14.8
Potatoes 17,861 1.9 0.5 1.3 1.2 0.5 1.3 0.8 0.2 0.5 0.4 6.3 4.3 3.5 73.8
Cassava 14,054 1.8 8.6 3.5 C.1 1.5 0.5 2.5 - — - - - c.0 0.0
Sweet
potatoes 11,771 1.3 0.9 0.4 - Ce& 7.0 2.1 - - - - - 0.1 1.0
All roots/
tubers 48,164 52 14.6 5.5 1.1 2.5 8.9 6.3 0.2 C.5 0.5 6.3 4.3 3.6 27.7
Total 923,823 100 100 100 100 100 100 100 160 100 16C 100 100 10C
Zage of
world
food area 9.3 8.5 4.5 2.8 14.6 59.7 1.9 2.4 11.6 17.6 5.8 40.3
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2All main groups include areas of miscellaneous minor crops not shown separate'y. Therefore they do nct add to the total in the last row.
Egypt, Libya, and Sudan are included with the Near East group. South Africa is included in the total of industrialized countries.
°CPE stands for centrally planned economies, e.g. China. The *Asia’ column comprises the DME (developing market economy) countries.
haseclus is ~hown separately, &s it is the most widely grown pulse species. However, it is included under the total of ‘pulses’ and the
areas should n-t be counted twice.
Source: FAO Production Yearbook (1981).
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cornerslone of cantingeney policies for disaster relief. Thus wheat provides the
main fallback for much of the world in terms of reserve stocks. Wheat and bar-
ley are also of great importance for food and feed in the industrialized coun-
tries, and are vilal Lo the diel of the developing countries of North Africa and
the Near Fast (where they occupy nearly all the arable arca), as well as Lo Paki-
stan, Northern Indiu, and the People's Republic of Ching with their huge popula-
tions. Firsl priority in climatic modeling should, it ix suggested, be given Lo
hese cercals and Lo maize, which is also widely traded and is grown in a great
range of ccoxvstems Maize is among the staple crops in parts of the semiarid
tropics, a zone of high climatic risk where sorghum, millet, pulses, and
groundnuts are alzo of major importance. This region merits high priority for
assessment of the impact of clitnatic change.

By contrast, the crops of the lowland humid tropies (rice, cassava, sweel
polatoes, yamy, ete ) xeem less likely Lo suffer climatic extremes, even if global
Lemperalure rises as o result of inereascd CO,, because of the relatively low
inlterannual variabilily of precipitalion in Lhat climatice region and the widely
accepled assumption that the impact of climatic change will be more pro-
nounced in high latitudes and/7or at higher altitudes

It seems evident thul in atlempting to make conlingeney plans for antic-
ipated chimatic change we have to look well beyond Lhe year 2000, the year thaot
most perspective studies have Laken as their planning horizon. Assuming that
no global holocaust supervenes, these studies show somewhal of a1 consensus
that Tactors othier than a global clinatice change will exercise a dominant
infMlucuee on both supply and demand for food. These are income growth and
technological change on the supply side in both developed and developing
regions; and incoine distribution and population growth, particularly in Third
World countries, on the demand side.

9. Sensilivity of Production Systems to Climatic Variability

So far Lhis paper has deall mainly with sensitivily to potential elimatic change.
This process is likely Lo be relatively slow, cspecially if the global level of CO,
emiszions deelines, as is apparent from studies thal largely discount a delect-
able cffect on clunale within the next two decades. and possibly longer at
currenl CO, levels (Clark el al, 19823 11 it lakes a century for atrnospheric CO,
concentration to double, leading Lo an estimated 2°C increase, a gradual process
of adjustinent scems feasible and it may be possible Lo plan to cope with il on
more Lhan an emergency basis.

However, it has been suggested that any secular change in climate may be
accompanicd by an increase in year-to-year wealher variability. Nol only might
this make it iore diflicult to distinguish the real direction of long-term change,
but it would greatly compound food sccurily problems.

5.1, Presecnt Pallerns of Variability of Production

Tablc 1l shows coeflicienls of varialion of yield for Lwo recenl histarical periods,
for 12 major crops or groups of crops, and a number of geographical regions.
These crops represent the dominant eomponents of food production systems in
the world. There are striking differences in the variabilily ol production of
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major crops among individual countries and regions. These emerge more shar-
ply Trom Table IV, wnich shows Lhe high cocflicients of variation in the Nopth
Africa/Middle Fast region (with Lhe exception of Feypl, which is entively irri-
galed), and the three drier countries in Alrica (Senegal, Tanzania, and Lpper
Volta) This table also illustriales how different countries vary in ‘heir dietary
dependence both on cereads (Zaire, with its very high ramnfall, is hieavily depen-
dent on root crops) and on aemestio production for their food supply (Fgypt, Tor
example, depends heavity o nnport= of food}

The high varabity of wheat, bartey, and maize e Mediterrancan cli-
Iate eo<triking, and illustrates Lhe cottimanding influence of unreliable rainfall
s regwn where low temperature s racely limiting The 1O rates Uhe West
Astac Northe Meica region ax most eritical amonyg future food-deficit arcas Tor
raan-fed crop production A sinlar g variability can been seenin production
dita from Chile, Southerrn Mirrea, and Australio, where wheal and barley are adxo
grown largelv i o Mediterrancan winler rainfall clitnale, and, t Australia, these
cercals e heeno pushod out to reasingly margimal areas by the develop-
ment of new varelios and cultoral teehimigues, resalling i lower average vields
and greater year-Losvear Macluadions in vield, but hicher Lolal production

ot mean areas of callivaion (South and Sautheast st rice shows rela-
Uveby tow variabildy lack of 1o 1s nol uxtaliy woertous problent in those arcas
(although too el sometines ix), nor s temperdure holing - Dizease,
msect=and Nooding are probably the mean couses of low yields Where rice s
grown vader more marginal conditions (upland, swionp. and Nood plains}, ax in
el of Sub-Sahavan Afrea and Brazil, s vields are more variable This is due
Lo a comples of sul Tactors, Tuctuating waler supply . and disciase

Vartabdity among root and tuber cropecw el except Tor polatoes al jugh
altitudes, Lend also Lo be grown in wariner ard more haimnd recions of Third
World countries, ix quite fow By conlrast pulses and especiadly leguminous
oifsceds (groundnuts and sovhear) tend to ex it Tneh el vartabihty, particu-
arly in the Mediterrancar elimate and Uhe <onnarnd Lropics of Mrica and South
Asta, where Jow rainfall and lngh altnosplicrie evaporalive demand produce
witler stress at Irequent intervals A refatively manor shiare of the Lotad arcas of
these degutnes o the moore Larnd trapies, where disease causes severe losses
= for exaunple i cowpea

Although most industrialived conntries have the rajorily ol their cul-
Livitted area oulside the tropres and sublropies (Australia i an exception), Table
HE shows thid ther annual viriability of yield is not always lower, bul foe
different reasons Low auluimn and spring Lemperatures, killing frosts, Nuetuat-
g snow cover, and variable ramfall are main cagses of loss in Canada, the
northern Great Plains, and parts of the USSR I Australia and Argentina
unreliable ramfall and high summer temperature, as well as rost in some
arcas, Lend to himit yield=. The Jow average variabihty of yields in the Uniled
Stutes compared with other inajur developed conntries shown in Table 1 is
noteworthy

IUis significant thal in imany countries and for a wide range of crops the
current variations 1 crop yields from year Lo year are larger than Lhose
predicted i the National Defense Universily (1980} study for a range of
scenarios of global climatic change, Mrom large cooling Lo large warming al some
Lime far in the Tuture. Even in the United States, with its low average annual



o

T'BLE III: Coeficients of Variation of

Regions and Countries.

Yield for Two Periods: (1) 1961—69 and (2) 1970—77, for Major Food Crops in Selected

Argentina North West East Southern South
Africa and Africa Africa Africa America
Middle East (Sahel)
(1) (2) (1) (2; (1) (23 (1) (2) (1) = W {2)
Wheat 28.38 26.69 5.30 7.51 1.73 1 1.56 6.65 14.49 14.08 12.99 8.33
(14.07) 7.
Rice 17.11  13.81 6.43 1.68 5.41 4.09 1.03 7.09 8.4~ 14.B5 3.55 2.79
(7.21) (12 75)
Barley - - 11.96 13.68 - - 0.96 13.06 10.58 14.46 B.76 8.10
(1.78) (2.78)
Maize 14.73 19.09 3.19 3.85 4.55 3.98 4.53 5.25 6.61 12.07 4.78 5.20
(11.74) (4.90)
Millet 22.09 17.17 2.89 4.49 9.43 5.63 4.85 7.14 5.50 1.32 8.51 10.29
(5.04) (8.13)
Sorghum 22.35 19.23 2.75 9.82 9.25 5.18 6.04 2.75 6.02 9.87 14.59 8.22
(5.49) (7.85)

Soybeans - - 16.66 13.81 6.84 2.57 15.91 8.81 17.01 30.40 10.68 3.35
Groundnuts 22.20 24.84 8.85 5.97 12.30 12.25 6.81 11.04 6.35 7.22 8.41 11.09
(8.62) (15.89)

Pulses (total) 19.29 11.91 6.05 7.28 13.75 15.34 2.32 4.47 3.55 2.20 4.28 5.26
(7.77) (6.30)

Legumes (total) - - 6.09 6.75 11.81 12.08 1.89 2.80 5.36 5.08 4.88 1.88
(10.03) (13.50)

Cereals (total) - - 6.02 7.29 4.37 4.39 2.64 2.48 5.03 10.21 3.18 4.28
(3.24) (7.89)

Roots and tubers B8.94 14.54 3.96 2.53 3.83 0.98 2.50 1.38 3.27 2.20 4.82 3.31

{total) (4.42) (5.68)

Source: FAO and USDA production data compiled by the Interratioral Focd Pelicy Research Institute, Washizgton, D.C.
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Table [If (continued).

Southeast India China Australia Canada U.S.A U.S.SR
Asia

) (@ (1) (2) (1) (2) (1) (@ (1) (2> 1) (2) (1) (®)
Wheat 13.43 14.85 10.78 5.64 7.28 556 15.44 16.52 12.86 9.29 3.43 5.55 13.09 12.95
Rice 3.24 1.37 8.64 6.81 1.93 1.22 10.56 8.91 - - 4.19 3.24 20.39 2.36
Barley - - - - - — - - - - - - - -
Maize 3.26 6.05 4.78 12.09 4.32 7.16 11 23 6.26 17.12 B8.45 3.78 10.15 24.40 8.43
Millet 16.12 7.07 2.03 15.13 6.42 2.89 19.51 10.76 - - - - " r.80 37.73
Sorghum 34.09 15.03 7.52 6.29 21.06 3.00 19.88 16.45 - - 6.36 10.09 12.8! 22.07
Soybeans 3.39 4.37 - - - - - - - - - - - -
Groundnuts 3.70 4.03 11.80 13.27 4.63 5.92 24.51 16.18 - - 5.79 4.18 81.83 56.50
Puises (total) 4.32 2.72 10.82 8.18 0.91 3.07 18.82 24.00 9.56 6.24 5.25 4.61 28B.24 16.20
Legumes (total) 1.086 1.90 - - - - - - - - - - - -
Cereals (Lotal) 3.02 1.72 - - - — - — - - - — - -
Roo*s and tubers 2.56 3.93 9.73 4.04 5.17 3.56 8.03 4.18 4.09 3.58 2.61 1.83 4.98 10.00

(total)
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TABLE IV: Variability in Staple Food Production, 1961—76.

Staplc food production instability

Probability of
actual production

Ceorrelation

coefficient between

Correlation

coefficient between

Standard Coefficient of falling below total staple food cereal production
deviation® variation® 957 of trend production and and total staple
(108 tonnes) (%) (%) consumption food production
Asia
Bangladesh 765 6.4 22 0.90 0.99
India 6,653 6.4 22 0.89 0.99
Indonesia 1,040 5.4 18 0.92 0.94
Korea, Republic of 445 7.1 24 0.20 0.96
Philippines 348 5.7 19 0.c3 0.99
Sri Lanka 107 9.3 29 0.56 0.91
North AfricasMiddle Fast
Algeria 531 28.9 43 0.78 1.00
Egypt 282 4.5 13 0.29 0.98
Jordan 119 65.6 47 0.63 1.00
Libya 56 28.0 43 0.82 1.00
Morocco 1,156 27.2 43 0.98 0.96
Syria 702 38.8 45 0.92 1.00
Sub-Saharan Africa
Ghana 121 5.8 20 0.98 0.93
Nigeria 958 5.7 19 0.99 0.92
Senegal 325 18.6 39 0.99 0.81
Tanzania 430 12.7 35 0.98 0.09
Upper Volta 128 9.8 30 0.95 0.99
Zaire 190 4.9 15 0.96 —-0.21
Latin America
Brazil 1,631 5.2 17 0.92 0.60
Chile 215 11.1 33 0.54 0.99
Colombia 126 4.4 13 0.51 0.85
Guatemala 56 6.5 22 0.51 0.99
Mexico 1,060 7.7 26 0.53 1.00
Peru 197 9.8 30 0.37 0.97

%Defined as the standard deviation of the variable @—@.

Deflned as the standard deviation of the variable (@—-Q)/ @x100.

Source: Valdes and Konandreas (1981).
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variability, the produclion of basic food and f{eed crops in the 1983 harvest sea-
son was forecasl lo be reduced by almost half because of exceptional drought,
leading Lo a risc in foud prices of around 6.5%. Morcover, as Lthe total volume of
world production increases, the amplitude of seasonal Muctualions in productlion
around the mean due to weather variability can also be cxpectled to inerease,
whether there is any major shift in clitnate or not. In this conneetion it is
important Lo note that even where coeflicients of varialion are relatively low, as
in China and ludia, the size of the standard deviation, measured in tonnes, may
be very large simply because of the size of Lhe country and the volume of pro-
duction.

The NDU study coneludes that, at least for the nexl two decades, technolog-
ical change is likely to have a much greater iunpact than elimatie change on
yields, and therefore on total production Il we accept this conelusion, then the
influence of technelogy on product variabilily will be extremely erucial Lo the
slability of Tood supply and thus Lo food prices.

5.2 Interactions belween (limalic Variabilily, Technologicel Chonge, and
Olther Suurces of Production Instobilily

In muech of the literalure on development there has been an implicit assump-
tion thal teehnological change has a stabilizing influence on crop yields. Reeent
studies by Barker et ol (1981, Mehra (1981}, and Hazell (1982} challenge Lhis
assumplion. Barker ef ol argue that although sorne components of technologi-
cal change, such as breeding for tolerance Lo adverse environments or irriga-
tion, are yicld-stabilizing when taken independently, they tend to raise the mar-
ginal productivity of recurrent inputs such as fertilizer or allow the spread of
crops Lo arcas previously thought Lo be submarginal, both of which tend to be
destabilizing 1In addition {o weather variability, inscct and disease damage
(which may of course be correlated with weather variables as well as with crop
variely) is a major source of loss, while uncertaintios of waler, fertilizer, and
clectricity supply — especially in developing countries — are irnportant sources
of Nuctuations in vields. Thus there are complex and somewhat controversial
interrelationships belween yield-increasing technolegy, climatic variabilily, and
risk. lFurther resarch of an interdisciplinary naturce is needed lo shed more
light on this issue, since it could have crucial implicalions for agricultural
research and the direction of new agricultural technology, which are likely Lo
vary under different agroclimatic situvalions and probably among individual
crops and produclion syslems.

Afler looking further into this problem in relation Lo India, Hazell (1982)
concludes that inslability of lotal cereal production there has increased, in the
len years from 1967768 to 1977778, compared with the previous decade. While
changes in the variability of individual crop yields within Indian stales have
been an important (:onlributéry faclor Lo Lhe increase in the coefficient of varia-
tion of total cercal production, he attributes the main source of aggregale insta-
bility to increases in various intercrop and interstale covariances affecling both
crop yields and areas sown (Lhe lalter becorning more positively correlated with
yields over Lime). He slales, ‘The sources of Lhese fundamental shifts in pat-
terns of association are difficull to idenlify, but they probably have less to do
with the improved seed/[erlilizer-based teclinologies . . . than with changes in
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wealher pallerns and the more widespread usc of irrigalion and ferlilizers al a
time when supplies of these tnputs are nol reliable.” Hazell (private communica-
Lion) also suggests that the variance of lotal cereal production in the United
States (due thiere mainly to yield rather than Lo arca factors, and again largely
to interstate correlations) increased between 1950-66 and 1967-80, especially
with respect Lo maize. This could be due to tie narrewing of the genetic base
that has occurred in the breeding of modern maize hybrids. This reduction of
genetie variability is nol confined Lo maize variclies; it alsa applies to wheat.
Lamb (1981) has suggested that the breeders lrave produced varieties tial shar-
ply maximize yield within a quite narrow range of weather conditions, but give
lower yields tan before under conditions outside that range, implicitly assum-
ing a no-change elimatic forecazt. Thiz i= probably correet; as agricullure has
becoine more sophisticated there has been a trend away from trying Lo breed for
wide adaplability toward tatloring cullivars 1o local condilions, a facl noted by
Dalrymple (1978) in his review of the development aud spread of high-yielding
variclics of wheal and rice While genelicists al the International Agricullural
Researel Contres are now trying to develop malerials with incereased plasticity
and tolerance of climalic adversity, lhe tendencies identified above must be a
canse of fTuture concern i relaticn to the response of crops to climatic change,
increascd chinatic variabihity, or othier elunate-related faclors such as pesl and
dixcase atlack, or reliability of water supplies Tor irvigation and cleetricily gen-
cration

The impicl of year-lo-yvear wealher varialion can also be very severce for
livestoek, especiatly range animals. Both north and soulh of the Sahara, losses
of HOYX in ruminanl animal numbers have been reported; and, as has been
pointed oul by the International Livestock Centre for Africa (1983), the combina-
tion of deaths with semi-starvalion of growing slock may impair overall produc-
tion for o decade. In higher latitudes grazing animals are more likely Lo benefit
than loxe from o moderate warmimg Lrend, since this would probably inerecase
pasture growth and cxtend Lhe growing scason in regions thal might remain
marginal for cultivalion cither because of high variability or, more likely,
because of un=uitable soits. However, even in industrialized countries wilh mare
temperate chimates and sophisticaled sysleins of management it has been
demonstrated thal Lhe incidence ol several animal discases is significanlly
correlaled witli weather variables, and that control of these diseases by farmers
ts not geared to cope with them, despite the availabilily ol forecasts for some
discases (Ollerenshaw, 19813,

Thus despite the need for a long-term view with respeet to elimatic change,
much mustl also be done to safeguard producers against the more immediate
hazards of climatic variabilily. While the fact and magnitude of change are still
uncertain, variabnily is always present and often high. Fortunately many of the
policies that could prepare us better for Lhe first conlingency arc also Lhose
that would provide some insurance against the second.

6. Planning for Fulure Climalic Conlingencies
It is difticult Lo look far ahead with any confidence bolth because of the uncer-

tainly ettached to forecasting climalic change in itsell, and because of the
externalities unrclated to climalic change that are involved. There are grounds
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for optimism and for pessimism. These inclnde the following.
6.1 opulation (rowth

According to the World Bank (1982}, population is expeeled Lo rise, at least to
around the year 2100, in the low-incame and many iddle-income developing
countries, but may becomne stationary by the yvear 2000 1 some higher-income
industrialized countries 1f elinale changes only =lowly there should be time Lo
adjust to the nercased world population, but if climatie shifts ape rapid and
accompianicd by greater variability, o diflicult <ituation can be foreseen carly in
he next century In some areas of the hamid tropie= o lendencey Lo cooler or
drier climaie might facilitale redistribution of populalion irom overcrowded
arcas within countries to thosze now underpoputated because of disenses related
to ctimate, bul migration aeross national boundarios cannot be regarded as a
realictir sotution, as recent history <hows

Finatly, it is evident that population pressure can acl ax a spur to the
intensification of agricultural producetion and the adoption of new agriculturai
techniques, as in Western Dorope, Hast Asin, and increasingly in South and
Southeast Asia (Oram, 1982) The tnpact may therefore nol be wholly adverse,
provided Lhal these new praclices do not lead to envirommnental degradation, the
worst examples of nnsase of nidural resources are in arcas where inereasing
population is not accompanied by inmproved farmimg methods or by conservation
measures,

62 The 'otentiol of Agricultural Technology

The proportion of the increase o coreal production i Third World countries
allributable Lo yield inereaze rose from 427 between 1960 and 1966 Lo 70%
between 1967 and 1970 Althauch this dependency is hikely G rise as new land
beeomes scarcer, great scope remaimns for vield improvement in the Third World,
as can be seen from compart=ons hetweon yields of similar erops in closely
analogous growie conditions i developed and developimg countres: for exaim-
ple, the lngher productinty of wheal in the Pacific Northwest of the U S A comn-
parced with Turkish Aiatolis, or the wheat ‘sheep system i Medilerranean Aus-
tralia, compared with ram-fed systems an the Medilerrancan basin itsell. The
main obslacles Lo tngher productivity are often sociil {especially farming struc-
ture} or cconomic rather than technological. Should scientists be aiming al
maxirmizing yields with risks of mereasing variability, or al yield stability, with
possible penalties in lower yield potential” The trade-off in lerms of growth of
foad production clearly merits serious sludy

Inereased yield and labor productivity have been the main contributors to
agricultural growth in developed countries sinee 1945, but yield shows signs of
leveling off there, with increasing costs for cacl in-~cment at the margin. Can
new breakthroughs in rescarch accelerate growth and/or reduce costs? Sund-
quist el al. (1982) suggest Lhal Lhe gains fromn further increases in nitrogen fer-
tilizer use, the main contributer to yield growth (and variability) in the U.S,
corn crop since 1945, are virtually exhausled. The genctic and physiological
plasticity of plants referred to carlicr gives ground for hope, but a corollary is
thal a determinced effort will have to be made Lo sereen the world’s germ-plasm
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resources, and Lo conserve them for use in litnes of future need.
6.9 The kjfecls of Increasing Urbonizalion

Agricultural population has dechned absolutely in developed and some develop-
ing countries and is declining relatively alinost everywhere This suggests, for
one thing, thal the proportion of total production required for rural subsistence
will deeline and that the ehianges noted carlier i the pattern of food consurnp-
tion tmay accelerate Labor shortages on the land may also mcerease, necessitat-
g substitution of capital (mechanization) for labor, with uncerlain tepercus-
sions on cosU/price relalionships and chergy requirements

6.4 Itsing Keal Incomes and Improved mcome Distribulion

Rising incomes in industriadized countries have led to mercased demand for
fruit, vegetable, and animal protein/fecd-grain production, with consequent
changes in land use and production systemns Snnlar trends are now evident in
middle-nmeome developiog countries. Wil diversification of the diel imcerease or
reduce valnerability to climatic change” Tmproved meome disteribubion in poor
countries Jeads inibially to higher consumplion of food staples, cspecially
cereals, pul eventually alzo to changes 1 (he comnposition of the diet. This prao-
cess could generate mnercosed nnports of cercals by low-incoime countries for
both foad and feed, whether through trade or aid

6.4, localion of the Major Mdtalitude Grain roducers

Although Argentina, Brizil, and Thacland may be able Lo increase their grain and
vilseed exports, the man future burden (ar benefil) of meeling inercased
demeand Tor food and feed s fikely Lo fall on North America, the principal grain-
surplus arca today Table VY The heavy dependence on North Ameriea for world
grain reserves (abmost 867 of the 197077 narke' able surplus) has increased
the sensitivity of world food ~upply to the weathier wnd celimale of {hal region.
This gives cause Tor concern i an uncertam Tuture - especially if there is a
likelthood of poor years oceurcing sunultancously in the major midlatitude
grain-producing regions of North Ammerica, the USSR, and Auslrana, as Lamb
(1981) has suggested

6.6 Measures lo Increase food Securily

In recent years the developed countries have shown grealer concern for the food
sceurity of the Third World, although the main international aid instrumenl -
the World Food Programine — still receives only a minor proportion of Lhe world
grain surplus, and much aid is provided bilaterally and with political strings. It
has been hotly debated whether developing countries Lhemselves sheould
atlempl to hold targe grain reserves, since this is costly and ineflicient; how-
ever, nol lo do Lhis could pul them al Lhe merey of unpredictable political and
commercial forces in a lime of global scarcily. Reeently other proposals, such
as an insurance against excessive departures of production from the normal
trend, backed by the International Monetary Fund, give hope that cost-effective
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TABLE V: Estimate of Annual Cereal Surplus and Deficit b
108 tonnes)® for 1969—71 and 1975—-77.

y Region and Economic Group: Averages (in

Region/economic group

1969-71 average

1975—77 average

Gross Gross Net Gross Cross Net
surplus deficit surplus/deficit® surplus deficit surplus/deﬁcitb
World total® 77.3 81.8 —4.5 153.1 123.3 29.8
fegion
North America 52.0 - 52.0 1186.5 - 116.5
Europe 1.1 28.3 —27.2 5.3 38.1 -32.8
LU.S.8R. - 4.4 —-4.4 - 18.1 —-18.1
North Africa/Midd!e East - 9.3 -9.3 - 13.3 -13.3
Sub-Saharan Africa 3.1 2.0 1.1 2.3 3.3 -1.0
Latin America 8.3 7.3 1.0 12.5 12.2 0.3
A<ia and Oceania 12.8 30.5 —-17.7 16.5 38.2 -21.8
Economic grou.pd
Developed 68.8 49.1 15.7 135.5 77.3 58.2
Developing 12.5 32.7 —20.2 17.8 46.0 ~28.4

aTr.cludir.g all cereals; aggregated from country-level estimates of productior. and domestic use.

Gross surplus minus gross defizit.

“For 130C countries with available data on cereal productior and doriestic use.

Fcllewing the FAO classificatior.
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political solulicns can be found. However, because polilicians lend lo take a
short-term view, il is likely Lo be casier Lo mobilize aid for immediate cmergen-
cies than Lo convinee national planners of the need to Lake long-lerm and possi-
bly costly measures to safeguard world Tood supplies against a change in eli-
mate, the direction of which is hard to demonstrate or Lo prediet with any cer-
Lainty “There s an urgent need for teamwor b nivolving elimatologists, agricul-
turalists, and cconomists to monitor and assess the implicalions of climalic
change and variability, and to cusure that these are understood by nalional and
international policy makers

This analysis suggests thal to determine wlere the main cconomic and
social inpacts of clunatic change on agricullure mighl ocenr and who the prin-
cipal benefictanes and loxers mught be requires two complementary approaches.
Sunply to concentrale on narginal arcas could hoe mixleading because these are
often retatively unimportant in the glebal production scene

The fivst step would be Lo look al global =upply and demand for food with
cinphiasis on cerculs for food and feed, and on e iniajor consuming and export-
g countres U would be necessary to postulate =cenarios of Lhe present and
Nkely Tuture locations of the myain produciig arcas and productlion cystems on
Vibous axsiinptions of changes o temperature and precipitation. For example,
stnee Ui uneertain whether a northward extension of the [osl-froe limit in the
corn belt of the United States cansequent ona 1°¢ warming would result simply
moalarger arca under corn, or whether 10 wonld lead Lo a shifl of produclion
around its sowthern margin into other crops = perhaps collon, peanuls, or hor-
tiealture - these alternatives would have Lo be lested However, maize or
another C crop bred for adaptation to cooler chimatic condilions might replace
wheal in some olther areas A similar trend might oecur in the FIC, perhaps
reducing it~ expensive wheat exports and its feed and exotic ruit and vegetable
imporls The potential tnpact of clunalic ctiange in the US.A on land tow
‘ddled” Trom production (presumabin targinal al present prices) ought also Lo be
examined. The qrrigation potential would also require evalualion. The supply
analysis would have Lo be disageresated to vnelude the major producing coun-
tries and commodities to show how cotmnercial demand could be mel, In a world
of plenty the mam beneficiaries might be the urban consumers, and a sensi-
Livily analysiz of supply shifts using the producer and consumer surplus Lech-
nique might help to clardy this In o bight grain situation prices would rise and
richer countries would have first call, Lt mighit be left for concessional sales
or aid. loternationally the major food-cxporting conntries would probably
benefit substantially, and tnporters with woeak bargaining power, and the poor in
those countries, cspecially the landless laborers, would be the chief sufferers.

While an analysis slong these lines would hielp Lo delineate the inain global
sociocconomic effeels of climatie change, o different approach, focusing on risk
and uncertainty, would be needed to define the most vulnerable producers. fowr
rarginal producer groups al parliculer risk can be postulaled. The first is
located in the humid tropies, in fowland areas of Asia al ‘he merey ol excessive
precipitation and flooding, ard in the Pacific and Caribbean. While prunc lo
periodic violenl catastrophe these regions nevertheless scem less vulnerable Lo
excessive year-lo-year variabilily of yield and less lkely to be scverely affected
by climatic change than producers in drier or colder marginal arcas. The second
group, int the arid and semiarid arcas of Lhe Lropics in Africa and Soulh Asia, and
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in the Medilerrancan climate of West Asia and North Alrica, exhibils the highest
annual variabilily. Semiarid Africa has been Lthe main focus of famine for many
years. Populaticn pressure and nationalism are exacerbaling Lns, and reducing
flexibility for tradilivnal means of risk avoidance such as nomadism. The
nomadic herdsmen are now at greal rigk, and declining in numbers; Lheir situa-
Lion in relation Lo any possible shill of the rainfall distribulion al the dry mar-
gins north and south of the Sahara should reccive special allention. A third
group, eslimated to comprise some 10 of the warld’s populalion, comprises the
farmers al high altitudes. These have received relalively httle altention until
recently: they live in a wide range of conditions al varying allitudes and lati-
tudes, and have an equally diverse range of produclion sy-tets In some regions
allitude may modily harsh lowland elitnates Tovor bly, i other s, as in West Asia,
il may compound suinmer heat withe winter cold In Uns resion nomadism and
transhumance are also important syslems of livestock manacement 1 Qs
extremely difficullt Lo prediet how such diverse and comples <itealions would be
aflfecled by climatic change. imally, there are the cald margms al higher lati-
tudes. These are mostly located 1 developed countries and their peaple are
therefore somewhal less vulnerable to destitution or stanvation from elimatic
change tian those in the marginal lands of the Third Wor ld However, they are
sUll not immune to ceonomic loss, ax Carter and Purry have pointed aul. Again,
it may be the herdsimen who are sl mmost risk, since their Iving 1= often beyond
the Tringe of cultivation Whether they would benefit rom o warinning trend in
climate would depend greatly on how Lhis effected their hay and prazing, since
adequile nutrition of range animals i< o crueiad buffer afams=t low Lemperature
(Blaxter, 1982}, Alimost cerlamly a cooling trend would be detrimental | see no
allernative Lo sludying the special problems of cacli of these groups and the
polential effects of chimatic change on Uien production systems sepuarately,
because excepl in the broadest cconomic sense i part of the global Tood situa-
tion they do not impinge on cach other
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