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SENSITIVITY OF AGRICUI TURAL PRODUCTION TO CIMATIC CHANGE 

P. A. ORAM 
Itnerntztionalserrricefore Nitionuzl .4rTdculfrfzi Iraesearch, he Itrigue, The Nntherlrunds 

AbsLract. Although the rongu of cultivaLud specivs is relatively r'e­stricted, dorit.sLie plits ai( iniiials exhibit c ionsiderable resilience Luo
stocharst.ic :;hocks, and the study of their ecological adapt.ability ard 

lola:,irlirririts is a valuable rl-st.criLical ph, ;olhrgiuil id ptiu rhliir 
stop in det.errininiig thei r possi blth rtsponse to liniatie chitrge. MeLotiods 
of assussilig '1gr.lirra.III i tiit.tlhi.yt , d tah ir liritionth rs are discussed,
arid sugg stious art' iride for sionlaing the !) i mpbabl,of shiftsitnpet
in the Inain clirniil.ic pa'ainrtieers ont he productivity and spatial distri­
bution of kuy crops and livestock. Sorie regions arid erops are elin,.ti­
clly ilor-e vulnierable than oiiT,; soiniu r'ugiuns (in particular Noi1.i 
Anerica) or' strategically more critical to the stabilit.y of world food
supplies, while in others resouiles ki ag'ie'ultural produetion iu'e 
Under rniorc svuvr(' recssuir. 

As well as itleriv pts to f'reurist. long-k-r1l elilliatie trends anid their
effects on agr iciltiUr-e, eorlnbatirig (elimtie vrihility merits higth p'ior­
iLy. This is an ever-plresent source of instbility in ,':oduetion and could
be unhried in issoeiation wilt. elharging -lirrid e. Its rligitnilde differs
widely among crops and geogriaplical regions, but it.s impact from yeu
to year is ften greit er than thit pr'edited from clirriatic change even 
in extreme scenarios. The paper indicates a nurnber of potentially desir­
able areas for- action arid sugg,:.sts that. several of these would be 
beneficial boLh its a buffer agiinst, shor'l.-teri ehlects of variabiliLy and 
as a imeans of c nihat iiIg elilnit i- chatige. 

I. The Inherent VulnerabiliLy of Production Systems 

While undisturbed ceosysteims are the cliriax response of vegetation to soil and

climatic influences, agileultural sysLerns represent induced changes in the
 
natural baliance in'po.sed by rian and donies tir 
 animals. They comprise a much 
narrower range of ;pecevs than would norimily be found in the natural environ­
menLt; ino rover, he-inse then ieroclirate in y be modifled by human mani uu­
latien (drainage, soil aiendment, irriation, etc ), produetion systems may con­
tain species that would not be found nat uia!ly in that area at all 

It is arguable that the artificiality f agrieultural production systems
rrakc-s thgci less flexible, and Lherefore more vulnerable to climatic change
than tile iLuirally occurring spees of the eeosystvrn within which they fit, and 
that the nore un'Lable the climate the greatr r Lhs vulnerability is likely to be. 
Thi.; is a reflection partly of i he liinc-bound seasonality of agricultural produc-
Lion, partieularly where annual crop,; predoiinate; and partly of the fact that 
agriculture is niadertaker for economnic aim social reasons. In an undisturbed 
state there is no pressure on an ecosystem to deliver a producL within a giv-n
period; in farming it may literally be 'produce or perish'.

Time factors in combination with climate largely determine what crops aniic 
livestock can be supported within givena ecological situation; social and 
economic fa'.tors interacting wiLh technological 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 those climatic parameters. 

Social and economic factors also play a decisive role in determining 
whether attempts will be made Lo modify the natural environment, so as to miti­
gate unfavorable constraints imposed by soil and climate and thus either to 
introduce new crops, livestock, or trees into traditional systems or to reduce 
risl. a- J increase productivity of those already forning parL of these systems. 
Modifications introduced into the natural e nvironmret inay be long-term in 
nature (irrigation, reclarnation, terrE.cing, land citeararrec, reafforestation); or, 
quite short-term (mechanization, fertilizer and other soil amendments, weed 
and pest control, or other cultuiral practices). 

tHowever, whether they are sliort- or long-te ri in their irnmediate impact 
on production, atteinpts to manipulate tire environrnerit may have far-reaching 
effects on the ecosystem within which tIrlc prodicltion systcrn is contaired, on 
other ecosystn'is 'downstrearn' (through flooding, si!tittion, s.alinity, erosion, 
etc.), and on the marine envirorment. In the case of large-scale removal of 
tropical forests they may alter CO2 sinks and modify rainfall patterns. Thus 
human interference with Lhe evirorncinent for agricultural production can have 
a wide effect that may compound difficulties oiid risks imposed normally by cli­
mate, as well as contributing , further' clntu of unpredictability to clirnatic 
change in the long run. While the magnitude of tIis change may noL be as large 
as ti:. postulated for other human inlih.recs (iOndustry, urbanization, etc.), 
the inLteractiois of nanage meint factors in the broadest sense with climate can 
have a profound impact on the poteritial for' agriculturIl production. flow to take 
this interaction inLo account has probably not rec ived su fficierit attention and 
requires in'erdisciplinary study involviiig, aion others, agriculturalists, 
climatologists, and social scientists. 

This paper indicates the more important in teractions between climate and 
food production, in relation to both possible clinatic charge and short-term 
climatic variability. It discusses the need for better agroelimatic assessment, 
and some recent approaches to this, and briefly reviews possible interactions 
between agricultural technology and climatic variabi!ity. 

2. Major Climatic and Soil Factors Influencing Production Systems 

Crop responses to the climatic and soil factor's that critically determine what 
can be grown in a given ecosystem vary widely. All plants have certain 
minimum requirements with respect to light, water-, and temperature, but 
whereas some will tolerate low or high temperatures others will stand no frost 
and not too much heat. Some flourish best under short-day conditions, some 
under long days, and some are neutral to day length. Some withstand drought 
better than others, irrespective of absolute temperature. Nutrient require­
ments, pH range, and ability to withstand flooding or, waterlogging vary greatly. 
The sowing date is more critical for some species than for 6thers; and some 
plants have a sharply determinate growth pattern, 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 disadvantage, depending on the production sys­
tem and on end use. There are marked differences in adaptability to tempera­
ture and day length between crops with a C4 and those with a C, carbon 
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assimilation pathway. As a broad generalization, optimum photosynthetic 
response is obtained at higher levels of temperature and radiation in C4 plants 
than in C3 species (Table 1). 

Within species as well as between g-ticra, there are marked physiological
differences that affect when and where crops can be grown. Thus in the case of 
wheat, non-w intcr-tiardy bread wheats such as tile 'Mexican' high-yielding 
varieties can be sown in the auturnti in' -il subtropical climates such as the 
Mediterranean littoral of Turkey or, ill Australia; but. not where winters are cold 
artd there is a lot of frost, as itn the Anato! ii n plateau of Tii rkey. Linder colder 
corid itinis, wheaLs of this type can IV sown only in spring after the main frost 
hazard has passed; aften, as spring wheat yields in the l.S.S.R. show, at 71yield
penalty. In some ar as, for example in ruuch of Anatolia, tile spring glowing
period is ot ]ung e'ioigh before smmniier draught commences, thus the payoff 
to spring planting is hew;. 'he optiruLu variety there is a frlly winter-hardy 
wheat sowru ill tle oult umi, on the other hand, such wheats will not pass from 
'vegetatiye to reproductive grow ti in inildcr clinates because a cold phase is 
needed as a trigger, so they cannot be sown in tile littoral. In most tropical 
regions temperaturc is not limitiig except at high altitudes, and water availabil­
ity largely deterniines c.,'p yields, however, water is muchimore critical at some 
phases of growth than at others, an importarnt conside ration when designing 
irrigation syste rts (13untinA el al., 1,982). Thus ternperature effects of a secular 
climatic change are likely to have a greater impact on production systems in 
colder regions of the Earth, while the effects of a change in total precipitation or 
its distribution will ibe most pronounced in lower latitudes. 

In general, day length and temperature are strongly correlated wiLh lati­
tude in lowland areas, while temperature tends to decrease linearly with alti­
tude, arid the probability of sufficient warm th decreases logarithmically. These 
factors are more predictable ind less variable fron year to year than rainfall. 
Low temperatires and particularly the inciden 'e of frost are a major factor in 
limiting crop growth (at around 5-6'C), and in determining the length of the 
potential growing season and the actual duration of growth of crops in higher
laLitudes and at higher altitudes (Monteith and Scott, 19812). Grainger (19111-82)
plotted yields of four major cereals in the principal producing countries against
Lhe average latitude in those countries and found a high correlation, with fac­
tors related to latitude accounting for 65% of the variation in barley yield, 42% 
in potato yield, 40% in rice yield, and 31% in maize yield. While barley and pota­
toes are riot crops of the lewland tropics, maximum yields even for rice were 
obtained outside the tropics. Grainger attributes the latter to insufficient day
length and excessive temperatures, but seems to overlook climate-disease 
interactions. lowever, except in relatively primitive production systems there 
is sorne danger of attributing too much simply to climatic factors. Climate is a 
major determinant of what can be grown successfully; but nonclimatic factors 
related to variety, technology, access to capital, prices and availability of mark­
ets and inputs, lane tenure, flood control and irrigation, and education levels of 
farmers are often the key factors determining high yields.

While the range of physiological adaptability of plant species is remarkable, 
and provides considerable buffering capacity against the variability associated 
with climatic change and other stochastic shocks, it also means that a fairly
profound knowledge of both their potential and their limitations is required 
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TABLE 1: Average Photosynthesis Response of Four Groups of Crops to Radiation and Temperature. 
Characteristics 

Crop adaptability group 
1 

Photosynthesis pathway C3 

Rate of photosyn­
thesis at light satura­
tion at optimum
 
temperature - 1
(mg C0 2 dm-zh ) 20-30 

Optimum tempera­
ture for maximum
 
photosynthesis (IC) 15-20 

Radiation intensity 
at maximum photo­
synthesis2(cal cm- min - 1) 0.2-0.5 

Major crops of the 	 Wheat 
study 	 Potato 

Phaseolus bean 
(temperate and 
tropical high-
altitude cultivars) 

Source: Food and Agriculture Organization (1978. Vol. 

11 

C3 

40-50 

25-30 

0.3-0.8 

Phaseolus bean 
(tropical cultivars) 

Soybean 
Rice 
Cotton 
Sweet potato 
Cassava 


1). 

II 

C 4 

70-100 

30-35 

> 1.0 

Pearl millet 
Sorghum 

(tropical cultivars) 
Maize 
(tropical cultivars) 
Sugarcane 

C4 

70-100 

20-30 

>1.0 

Sorghum 
(temperate 

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

3 
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when modeling production systems and the possible efTects o. climatic change 
on those systems We see tis from Carter ad Parry (19i4.), with respect to sow­
ing dates. Iis appli's ia' r ih to livestock-dominrated or mix.d systems (as the 
Icelandic exirpc For' h" y illustrates: liergtliorsson, 19h)n, this issue) as to sole­
crop production 'lhe Ipr(iloin ICorTnes prtiCIlltr'ly difliCult where Mixed crop­
pill is pra''tl ed, suits with riai/e anid blns Ili latin America, annual 
oilseets and ',tcds in StiAtli sia, or iultilie cnlofping in Southmi!st Asik. The 
area of such c'rtppi- is nc timr por'tanlt io", and it rrrav well imriTse ini the 
fiutu re t.s oll irsinrvc itylO'irist uncertaikty if clinttic irseinlty increases. 

3. Assessment or AgroelimaLic Suitability 

II order' tr fcIrititat, ir0 oN develouiig cc'rp-cliriti inrodels it therefore 
seems dtesirabli , ta l.iie tie main ciilti ited sjiiu's il termris of the factor's 
thi delecrrriinc tt uicr t'lirrii: ' suittbility /ind degre oft flcxibility to tolerate 
elirriatic :hift> lltistc fa (tor's i'tcile Iicei hrihol ls:sir ilitiari li.ttli ays, arid 
tLh ii 'in licii n'tiliirinrills 'it; I spoct to t iper'atuiir'i , day lengthi, iristrire, 
sowing tttt, hligtll O1f irs; seliosll, r ttltlih phts'sj girixli habit, radiition 
dtiii ll, n.llk tL ;llt Itni, , poitc'llttiIl l'iiipi'tlii, soil tyti,, llI, riild rIi s irc 
stola(ir i' 'hlii'ltlr l'its, itlliriitg iid cl SiOll tl/iId IOr >III(t' )'eriils ' e Food 
anrd . iri , ( ti tlrl () r ,illi/i,ltil:li 978t-8ll ) Ilii> tLaioll fil lillii il iis.'essl' il t if 
ah r'lT 'lfini lt .:'s it' i ty stii(,i t a ilcr, tlist lines, f r' I', (if i iisto irrrpor­

iupy. 
aid its. valtui 'ties crops ir'e wheat, rire,, iait.e, pearl riil et, sorghuln, soy­
bai, i.(ct ar, ptitllis bih, wit pitiito, r'iiiildriiJt, s..,ct potato, sigar'eane, 
a i il s,' iti a 

Liilit i up)s ill th. wnlt ill liins of the area tiL ihe lil-.itit piitt' tioni, 

The bas ic cliiicteii.-;tic for deterrrining reap raitptibilily ill tLhi.; 
i <'la4ssi leatlioll phlitsv.itlsis. Itis i.- d firr, fo' it rriii'h l 'rrriiintmer if 

cmlt,[ s thin the imajorii' Ct . listed i vi'i, ill fat .v ' ('(t 'IhTislt trops ile divided 
into five gi)un .s lt'ved riil their carboi ilssi:lilattril pall liways ((:, "'or ( ,), 
arid (cit ht' rOsltru't ptlctosvntUws. to ti'rrpiCr'ahire anda Mi;iMiirr, because 
M oith, f uitirs t t nineiie pr'iliictivity tliiii tli cliliritit ieioLtiCircIial relriiire­

llll! if it .clvc, t,itl) ilt lut, that Is, tinil)(itur . vater availibility, and pho­
topirliodisn ('iT l 'l h' ptienologiu'd calerar' is based ()i thIe leingth of the 
gro;riuz .u-stc i, dtet'mined either b ater availability arnd wat.er' tiane(e(, 
iniclinltg s ll rr-:tisir' storage, or' by lie coiniriatiorn of watei' avatilability and 
.emper'titiire. The s.,atial istribution of soil units is Lhen vectorecl in, based on 
the Sioil Map rif the Wirld Nit biomass productioi id yield ire then calculated 
for thr miijor rops mhetionnd aboe under, all assiiptioni of freedom from 
agr'oLhirrtaii, and sorl cOi.straiits within the growing pe'ri d; and finally, assumr. 
trans c'aio'eriirg yi(,hl hsses duei to the four min coiiiSniiiits noisture stress; 
excessive wetiiess; pests, diseases, and veeris; aill(] factors- ffrecting yield formra­
tion and quality) are inposed to arrive at al agrocilinintic suitability assess­
merit Yields are cniliulited at low and high iput levels ard v;aricd according to 
alLittide/ teiperinure l.ainrges at difere nt intervals for different crops. 

The nmin product of tis study is a series of generailized regional maps of 
agroclimatie suitability showing isolines of length of growing season. The agro­
climatic suitability for Africa is illustrated in ligure 1. These maps are accom­
panied by tables, showing the area of land in each major climatic division in 
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Fig.phdSUoIlusI. .n Trdhaliz pgrc tinciicsuitlability assessolilit, foherain-r ed producbean (source:: F"AO, 19713, Vol. 1). ]solines show, length of growifng tonofleseason. 

four classes fron- 'very suitable' to 'not suitable'. 
The regionlal studies hlave flow been agg4regated into a repo~rt that relates 

potential production of 14 m~ajor c'rops plus pastures and livestock to actual
population in 197.5 and projeceec population in the year 2000, at three input lev­
els, in an attempt tc determine the capacity of the developing countries to sup­
port a larger population and to identify critical areas where land resources are 
inadequate to meet food needs (FAO, 1982).


Tie approach followed FAO
by the may provide one basis for agriculturalevaluation of climatic change, since the zones of least suitability are also 
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indicative of marginality and high risk for the specific crops described. However,
the model would need some refinement for this purpose since it is not, as it 
stands, a climate sensitivity analysis. It does not allow for climatic change, 
although it could probably be adapted W simiulate tLis, so that shifts in the 
climatic suitability of land for a large range of crops within broaJ geographical 
re,icns or even individual countries could he looked at. Nor does it eower all 
climatic regions, being confined essentially to the developing countries or the 
subttropics and a few temperate areas at higlh idituolus within those regions.
Thus it orits the main grriin-prcdueirrg arid tricling euoniti is, including Aus­
traliai, (anada, tile U.S.A., the U.S.S.R., and Western "'ope. Another limitation 
of the rnole! is that it does iot map cti itud uise (aLthough tire aggregate
sir dy itnakes some effort to show which ar, the (loniuiil pIttmns), 011(1 there­
fort. ioes riot indicate Inch crops would actually he,afrctid roost by cliniatic 
clritlg , arid wherr'i' Poo.r vlilaLtio also r re.li's the value of certain other stud­
ies with somrewlat similar objectiws, such aisthe otterupt by huritgh et al,
(197:")) to coluhthte irraxiinum ,foodproduction polentiial of lie world. The 
PAO study also looks only at food pr oductiont pitcittial, arirl assumes that. all land 
will hi,ird for [ood( pr]uetiorn A 'throwaway pararaph at the end ack­
nMvleulges that tip to oce-Lhird of nd (reo rrly b' Iiquired fur' crsh crops, but 
failure to incorporate this into the analysis seriously weakens its relatively 
o)lirTistii conrclusiois tsto hutman calrrying rapacity 

Nevertheless, this study is of great interest arid conitunris sone useful
 
pointers to analysis of the iropact I, r eh oi agriculLure. It shows,
criatin cange 

for' exarriple, 
the important intera tion bitwecii iltirrati' aind scil, arid indlic:ates
 
that zones with severe elirratic ard/or soil constraints genrally respond poorly
 
to inrc'isud lcvel.s of itupit.- Soil factors are erriding 
on eimotic potentials in
 
a nunber (if sitLuatLions, cspecially at low input levels, arid inl ie ked degrala-

Lion of scils is estinated I ) lead to an overall decrease, in prodttivity of rain­
fed land inth, regikms stdwd of 1hIrB. ' potential currying enipT'I highest ety 
(071 per'sors per hectare) occurs in the wariter areas ofI line cliatic regions 
studied (rrruch of the cooler Kind is at higher altitudes) and (except where irri­
gation is idespread) in the areas with long growing pridr exceeding 269 days. 
These are rinniy in the hurril lowlhrnd, tropics whMee population density tends 
to be low at present because of the prevalence of huian ard air niral discase al0d 
tire debilitatign ele'rotc. lie impact of a global wrrninrg trend would protably Le 
smaller at these latitudes than in colder regions; but if it led to riduc.ed precipi­
tation south of the Sahara it could have catastrophic efects on tire already 
deteriorating Sahlian zon, while perhaps benefiting the potLial ly productive 
wetter areas further :outh where tsetse vy s currently a serious impediment to 
settled erop-livestock farm'ing. 

This illustrates tMe need to look carefully at potential interactions between 
clmate and other factors, some of which (such issoil degradation) may have an 
impact on agricultural production as large as or larger than that which might
result from a moderate global warming or cool ing tend. It also emphasizes the 
importance of trying t.o assess and balance the likely geographical distribution 
of gains and losses that could result from any global climatic change, and espe­
cially how the economically disadvantaged regions might fare in such a situa­
tion. 

http:riduc.ed
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3ceause of thie critical buffering role in wurld food production played by a
number of the temperate countries rot Included ill the VAO study, it is impor­
tant Lceexamini e how threir 1)roduoction capJacity iiigi t be affected by climatic 
change ill any overall atteprt to obtLmi a Imtg-terri vie%% of the prospects fror
world food supply arid foo+d se ur it)y. l;xi.stoig reports fror idlustriulized coun­
tries o not. pio\i(,(i allequth, biase for thi., tlley etod to ho,variable ill their 
rtetho0dolo.v itild wiSillljtil they111ld, It('('iiiise ire o)ft(,t quile location­

spcci lc, ior' a'rt SIiippl' pture~trlv coriflictiri ' to F.' effe(ts of cli­iclitlislnls ii.Ill. oilt
itt"!'ic'lltillll pl)dm-'ti( li.Attemr~pt.< m t molite globidl \'it'teiid to fomlId~er 
oiltill' 1i1billty) f e'xl lt - to ;,,rc oil i'I'Iti ori (f iuiiige (Nittio al efeI)set' 'the nfe 
tUliv('ersty, Iw11)

It ( 1 1(1 (.(. r'l' S(.('.I I %N(trth ( t iv'lf p tors itIitill c(thI llIike lyiiIly x~il<fII 
iIF)p i t- ') ,f.1ft III it;II ilptt -it' It(I I ,-C Illt ittI M( 1.tth1 Ill,'y'i' it11d a r il ht u IId­' 


ilrlo' or till'ItiiJ()l LtlIllillr,th c''111 -<illt i) r 'klto tl t' to alid tor'i.:k [.ilyo)ffc" alttge<: ill litild cl+( lTisIrli-h~t hc' dm huty r')iy , tilt- I'.\J Illode', or by
fil l,tlp th rmu , liit'jilill c tt wi,!r lmh)c(.:a,,ll11 k " imllltill', (.ll1ll1il.lcs chl~im .(v(Willi­

lts ] (ill'.', I lllm i,. 1.91 , (Ir I Iiti kof e'lf ,it I1l9 i:1): The uii t irios ir
thn ' rt Hr btas( , ; 'it l I p at, t il l'l,tj ' at Il ,I ll l'if t iso ll,.:for' 'o ristriifits 
dcfli itt t till h-1:cr ~.(f tilt'gcfm111~ SIOS ii (1it ii lougi's iolt, on1 plioto.syil­
1il'!i, 11:H til'I I t)\ ,to't I'i'l II t(-:Project, desc rib('d I ho).o, StewVart has 

fl lh 1,'1d t 1i1 I A' I r )1,1 ill .<t1 tI[it, 10i0 


TV ) ItlJII)lmIiit it t..:I'ilir(,_1 I' 't ll . miTWreiv'c 


i i if r ec o)lo)iciI pot, lntial illCamillia 
; 'iiL iises-i.' i tciits First, its 

allot h (It Ii l ii It(10. (Willklitl. i lid O i(es, 19,781), the ifrost easily ' itil :,[till \ 
illI'11.1tl, lI' 'lititot( It l lii!fl 'I,i of mli' (,'ia shif illilla - illthis (i s( a ver'V'
 
lilrg' (1 'tcr1' 5.1' fol 
 wliI' Ill $( '()hl d ti'rt, is it S lilint' effeit:L for oats, cor ,di­
cliteLd by till' illfllI'to', of ilti dclilt(Ilw ty, 1.9711). In orderr to>tlt'lcsi5u ' the I)Otlit­
tial iiil .ollIf ch Alift.- 0 111ik t iive tot sut mw111, Fi a.s ss till' tliw% boundarie aid
 
pltteril' of pr lh 
 ' 1] foui Illiltit' liillig ', i1d (in1 r'0eaI('tllct.Vr
yie l l h ' jilt it1 01 &Ii 1 i11111l itlr thilIt 'tloiltllIL 1 c tt.,i i of prodcie­
tioti This ll ld ... li t- u': <Illll lillitt, tit > )idfactor. In lhigl'r latihides I,,d at
 
tie ilmligill (If i'iu tl 
ot ti)i: olIt'ii If i' l fertility, with l, ;illirtd ill lacrobicC0 l1d il.l10!i7(1110 ,D(nlf (11 ltto ill i,'?(, It 1 . h li t) till i,7 tmu r-h iil thitd ;i r' is i ll ­

perLii re, wouhl ctiiih,llilorg i itl'('it(ifla nd1 t, be brought, iin ctiultivlatirri, 
even ill irlltivly flat. ill1 tlt 1)1)("tItil of Iuplilild ilsiS rloy hi Inmore limited 
still. It is inte(resting toi rote that iiiti Carii lii exarpl, the effect of a lo,,'r
tcme-raturvtll' r(, Il' oil barley pro.(d1iwtilll wiould be less hant that on whieat 
partly beinc titeare;t from w hiih barley voold retreat woIld generally be one 
Of poor'r soils than tlat occuipield by wheat. It might, be possible to substitut.e 
anoth er short-maturin g crop tolerliit of poor, geolnorphi' coiiditions, such as 
rye, oats, buckwheat or triti cale, for barley, hut the likelihood of adequate payoff 
to suchh u change, is uncertain, 

4. Economic SensitiviLy of I"ood Production Systems Lo Climatic Change 

.ecause of tle juNtapositiot of natrural arid soeoc(oom ic innluCI lOs, food pro­
duction syst-ems cari vary widely even within iasingle ecologic'il region. Theoreti­
cally, this makes analysis of future production possibilities under a situation of 
climatic change quite complex. However, in practice, there are cerLain dom­
inant farming patterns associated with given soil and climatic situaLions, which 

http:r'0eaI('tllct.Vr
http:ll1ll1il.lc
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are dietated primarily by soil/cl irnate/slope factors, and whicll have led to the 
establishment of marked dietary prererences for specific, crops and livestock 
products These originated ill an hi s torical context oT geograplical isolation,
subsistenr'c production, and limited hurnan mobility; but, despite tie introduc­
tioi of new crops, the inflteince of tirbaniziatio, aind Improved storage arid 
transportition facilities, they cin shill be ob.serveil [ielriy,; iiot oily ill the Third 
World but eveii ill idustriialixed countries (Orain ut LI., 1979). This irakes it pos­
siblr' to ev!ilIrirte th' prJolbhile economic implit of climatic ehange over large 
area> aitlhout iivirig to (h-1l ithi air infillity (of r'omnirnioditlir anl lnieroclirnates 
(ligt e -2). 

T'abhl II shoms tire distribat ioij of aren for 1:1 r f tie world's najor food 
c rops Mc dontinanrc of er:rals rn the globazl prodLction sterrt is 7nrmedi­
aliuly abrmi.ous Ih no hroiid geogriphic, r'-,ioir do tley occupy less thia two­
thirds of the lkrd td i slrpe foods, ind irl North Africa and West Asia, Aus­
traiia, (Ctriadi, lcslrii I'iurope, iind th USS R T/liistcrii n:iirope the proportion 
is in tile ieiglihortlod of 9O".' or more. On aviraegc it is higher in the industrial­
ized thrin III tire iihild Word riiritries. There, tire foord patterin, especially iii 
solni hillnid tropial smubregiosllS, i- less ccal-oricilted: for example, ill [qua­
tormi l Africa, plrts of iill Anirer ai, ind the So Ltlh Pacific', tropical roots and 
tubers<, such as 1i;ro, yilrrs, ilrd cassavil, occupy 100,, or more of the 'and devot .d 
to food produnti on. 

The specis firming thre c'eral 'rrpoiinirt of land use iii the tropics also 
differ from those in the tenper ite coni itries, with rice arid inai',e doiinarit ill 
Asiai, snirghuri wid millet in the drrier regions of Africa, and rraize in the more 
humid tropics, both in Africa ,irid in Latin Arririca. Only in the subtropics and in 
soic high-altitade areas of tre tropics: are temperate crops, such a5 wheat and 
barley or white potatoes, of mriajor' silificallc.e. 

Tle distributiini of ,'roduction of the major food crops is reflected in food 
consuiription ptteri., hilt with significant modifications due to socioeconomic 
factors and the iadstLeun;iy of traisport, refrigeration, and storage'facilities. Thus,
aflthlrrtigi cereals ric s) doirrint in the liuid-tose pattern everywhere, their 
imporrtanee for direct hrnirlari consumption tends to decline with rising incomes,
wh ile that of merit, dairy products, fish, fruits, and vegetables ircreases. Cereals 
becoiri in ereasingly crucial, however, for livestock feed. In poorer countries 
their chief use remains for human nutrition, since demand for expensive pro­
teiii of ai rrimal origin is constrained by low incomes, and livestock of all types 
arc rrainly free-ranging in drier regions, with little or no concentrate feeding. 

NevertLhe less, over time, population growth, urbanization, and to a lesser 
extent income growth are forcing up demand for cereals and animal products in 
many Third World countries, with an increasing tendency to prefer wheat or rice 
as easily prepared foods of convenience for larger urban populations. This latter 
trend is causing rnbar'rrassing import problems for a number of African coun­
tries that cannot grow either crop easily (or at all) because of climatic con­
straints, and whose staple food production has been growing too slowly tu match 
their, needs. 

Where food-deficit countries are short of foreign exchange, or suffer a 
climatic emergency, they may require food aid, but this may trigger or 
accelerate changes in consumption patterns because wheat is the key main
surplus food commodity both in world trade and in aid, and has become the 
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Key
Main commodity grouping Ecological grouping M,ain commodity grouping Ecological groupingWheat/barley Temperafe/Mediserranean winter rainfall zone lI Starchy crnns$/ice Hiumid tropical - Africa. Length of

(10-200-day growing season modified by altitude. growing season increases from north 
P Millat/sorgsur Semiarid tropical summer rainfall zonegroundnuts 75-150ay growing seasonf. 	

to south in We !Africa. Rainfall 
may also b bmodal. 

Maize Subhumid tropical summer rainfall lonea 'Tazn(l50-210-day growing seasonf. Cropping pattern E Mined crops (India) Range from warm temperate tooften modhfed by alitude, humid ropca.Cie 	 Lowland humid tropical - m anly Asia 
(180--365d:ay growing seascn). Rairnfall may be Mined crops (Chrina) Range from cold temperate tobimodal with several or no dry months. 	 Subhumd tropical. 

Fig. 2. Developing countries grouped by major commodities and ecological zones (source: 0rar et ti., 1979). In the tem­
perate or tropcal highland regions, both cold and ardity may limit the length of the effective g:srng seaso~n. In the lowlandtropics, ranfal and high temperature are the dominant climatic influences. The map must be interpreted wth caution as itillustrates very broad urop/country generalizations: for example, areas of desert are nut differentiated. 



TABLE II: World Areas of Majur Food Crops (1981). and Distribution of those Areas within Geographical Regions and Selected
 
Countries.a
 
Commodity World %age Africa Latin Near 
 Asia Asian All Austra- Canada U.S.A. U.S.S.R. W. All indus- %.ageofarea area %age Am- East (DME) CPEc devel- lia %ageb %age & E. Europe trialized world(103 area erica %age %age 7%age oping %age area area Europe %age countries totalha) %age area area area cou n- area %age area %age for area ties area area crop 

%age 

Wheat 239,381 25.9 5.7 12.3 51.7 14.3 22.0 
area 
17.3 68.4 55.6 30.6 41.1 36.2 38.7 60.2

Bar] ey /
oats 106,561 11.5 4.1 2.1 17.6 1.1 1.7 3.1 24.8 32.5 7.0 31.2 40.0
Rice 144,915 15.7 5.2 1.0 
 24.0 83.92.8 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 5.5 12.6 14.4 39.8Millet 43.203 4.7 17.8 0.2 3.9 9.0 3.3 7.3 0.1 2.0 '. 1.7 -Sorghum 47.762 5.2 13.8 6.5 9.9 7.9 

0.7 6.4
2.3 7.4 4.0 - 5.2 0.1 0.3 1.9 14.4 

All
cereals 740,148 80.2 65.8 67.2 92.2 79.5 78.9 76.4 98.3 97.8 72.8 88.8 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 - -Soybeans 50,219 5.4 0.3 14.4 0.3 0.8 0.2 0.55.8 39 0.3 1.3 25.2 0.8 0.1 7.8 57.5 
Beans

(phaseolus)d 24,805 2.6 2.4 10.7 0.6 4.6 1.4 4.1 - 0.2 0.8 0.4 1.3 0.1Pulses 65,693 10.0 C"7.1 13.2 12.0 3.9 13.0 4.5 10.1 1.1 0.4 0.9 4.1 3.2 2.6 14.8 
Potatoes 17,861 1.9 0.5 1.3 1.0 0.5 1.3 0.8 0.2 0.5 0.4 6.3Cassava 14,054 1.5 4.3 3.5 73.8 "8.6 3.5 0.1 1.5 0.5 2.5 - - - - - 0.0 0.0 
Sweet
 
potatoes 11,771 1.3 0.9 0.4 - 0 4 7.0 2.1 - ­ - - - 0.1 1.0
 
All roots/

tubers 48,164 5.2 14.6 5.5 1.1 2.5 8.9 
 6.3 0.2 0.5 
 0.5 6.3 4.3 
 3.6 27.7
 
Total 923,823 100 100 
 100 100 100 100 100 100 
 100 100 100 
 100 100
%age of
 

world
food area 9.3 8.5 4.5 2.8 14.6 59.7 1.9 2.4 11.6 17.6 5.3 40.3 
aAll main groups include areas of miscel!aneous minor crops not shown separately. Therefore they do not add to the total in the last row. 
bEgypt, Libya, and Sudan are included with the Near East group. South Africa is included in the total of industrialized countries.CCPE stands for centrally planned economies. e.g. China. The 'Asia' column comprises the DIMEhaseolus is -hown separately, (developing market economy) countries.as it is the most widely growl pulse species. However, it is included under the total of 'pulses' and the 
areas should n-jt be counted twice. 
Source: FAO Production Yearbook (1981). 
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cornerstone of cottingency policies for disaster relief. Thus wheat provides the 
maiin fallback for nouch of tire world in terms of reserve stocks. Wheat and bar­
ley are also of gerat irn porta rice for food and feed in the industriali::ed coun­
tries, and are vital to the tict of the developing comitries of North Africa and 
the Near last (where they occupy nearly all the arabie area), as well as to Paki­
stan, Nor tit a Inidia, itni tire People's lepuiblie of Clhina with their huge popula­
tiors. irst priority ia elitilati( rirodelirig sho ld, it is suggcsted, be given to 
these cereals and to iraize, uhich is also widcly traded arid is grown in a great
rauii, of ecosvsternis \laize is ailorng the istaple crops il parAs of the semiarid 
tropics, a /.onef, of high cliniaLic risk wher sorglouti, rrillet, pulses, and 
groi niltsi ate alsoifor ajo, inipirtaiice. lir riogion iricrils hig h priority for 
assessi iit iof itc itnIh ct of c!iiratit charg,. 

l) ciitraist, tile crops of the lowlantd ituttid tropics: (rice, cassiva, sweet 
potatocs, yarniw, elc ) stern le-s likely to stiffer 'lutric ('NI tiIcas, even if global
teitperitirt ti 's ac ai res-:ult itf itIercastiv d ('02, be'('1I)isC of Lhe relhaively low 
il!Ler'a tiiitil v'ari ilhility of precipitation ill that (litiltti region and the widely
acceph'l assuiptioin that the impact of ('liritic change will be inore pro­
noutic d ill higlh lalitudes atid/or at licih(r altitudes 

It secirts eviltrit that ill iittc'n pting to itaki, ctititngen y plans for, antic­
ipated chlilic chanlge wev h.'ave to look wt,'ll bynd tl t,( year 2000, the year th.,i
riost pi'rspectiv c stidies hwe ta kcit as I)Wii plittrlri lrar'iZol. Assuming that 
no global Iolocaust s ipe'rv'nes, th'se(' shtils s ih%, soniwviat of a consensus 
that factors other thian a global C<:llinttic changCe will exercise a dominant 
itifliicilc on botli sipply and d'lrtaiiil for fooiwd These are incorrie growth and 
teclirologiral chaige on the supply side ili toLh developed and developing
regions, anti incoiut' disLribuLio and ppnpllttioii growth, partieularly in Third 
World couitries, oii ti deriand side. 

5. Sensitivity of Ilrouuction Systems to Climatic Variability 

So far this paper has dealt mairily with sensitivity to potential climatic change. 
This process is likely to be relatively slow, espec'ially if the global level of CO2emiS-iiotis declrites, as is apparent fron studies that largely discount a detect­
able effect on clhirite wiLhin the next two decades, and possibly longer at. 
curreirt CO2 levels (Clark (!I (t., 1912). If it Lakes a century for atmospheric CO2
concertLralion to double, leading Lo anr estirnattd 2"C inrcrease, a gradual process
of adjustrent seems feasible and it may be possible to plan to cope with it on 
more than air crnergeiy basis. 

lowever, it ras been suggested that any secular change in climate may be 
accompanied by an increase in year-to-year weather variability. Not only might
this make it rnore difliculL to distinguish tire real direction of long-term change,
but it would greatly compound food security problems. 

5. 1. Prescnt PaLlerns of VariabitUy of Production 

Table Ill shows coefficients of variation of yield for two recent historical periods,
for 12 major crops or groups of crops, and a number of geographical regions. 
These crops represent the dominant components of food production systems in 
the world. There are striking differences in the variability of production of 
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T'.B!E III: Coeficients of Variation of Yield for Two Periods: (1) 1961-69 and (2) 1970-77, for Major Food Crops in Selected
Regions and Countries. 

Argentina North West East Southern South
Africa and Africa Africa Africa America 
Middle East (Sahel)

(1) (2) (1) (2 (1) (1) (2) (1) (2) 
 (1) (2)
Wheat 26.38 26.69 5.30 7.51 1.73 1.56 6.65 14.49 14.08 12.99 8.33 

(14.07) 7Rice 17.11 13.81 6.43 1.68 5.41 4.09 1.03 7.09 .A- 14.85 3.55 2.79 

Barley (7.21) (12 75)- - 11.96 13.68 ­ - 0.96 13.06 10.58 14.46 8.76 9.10 
Maize (1.76) (2.78)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 
Sorghum (5.04) (8.13)22.35 19.23 2.75 9.82 9.25 5.18 6.04 2.75 6.02 9.87 14.59 8.22 
Soybeans (5. d9) (7.85)- - 16.66 13.81 6.84 2.57 15.91 8.81 17.01 30.40 10.68 3.35Groundnuts 22.20 24.84 8.65 3.97 12.30 12.26 6.61 11.04 6.35 7.22 8.41 11.09 

(8.62) (15.69)Pulses (total) 19.29 11.91 6.05 7.28 13.75 15.34 2.32 4.47 3.65 2.20 4.28 5.26 
Legumes (total) (7.77) (6.30)- - 6.09 6.75 11.61 12.06 1.89 2.80 5.36 5.06 4.86 1.88 

(10.03) (13.50)Cereals (total) - - 6.02 7.29 4.37 4.39 2.64 2.48 5.Q3 10.21 3.18 4.28 
(3.24) (7.69)Roots and tubers 8.94 14.54 3.96 2.53 3.63 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 Interr.ational Focd Pclicy Research Institute, Washington, D.C. 

0 



Australia 

Table [II (continued). 
Southeast 


Asia
 

k-) (2) 
Wheat 13.43 14.85 

Rice 3.24 1.37 

Barley . 

Maize 3.26 6.05 

Millet 16.12 7.07 

Sorghum 34.09 15.03 

Soybean.5 3.39 4.37 

Groundnuts 3.70 4.03 

Pulses (total) 4.32 2.72 

Legumes (total) 1.06 1.90 

Cereals (total) 3.03 1.72 

Roo's and tubers 2.56 3.93 
(total) 

India 

(1) (2) 


10.78 5.64 

8.64 6.81 

4.78 12.09 

9.03 15.13 

7.52 6.29 

... 

11.60 13.27 

10.62 8.16 

-

-.... 

9.73 4.04 

China 

(1) (2) 

7.28 5.56 

1.93 1.22 

-. 

4.32 7.16 

6.42 2.89 

21.06 3.00 

.
 
4.63 5.92 

0.91 3.07 

-

5.17 3.56 

(i) 

15.44 

10.56 

1! 23 

19.51 

19.66 

.... 


24.51 

18.82 

-.-

.... 

8.03 

(2) 


16.52 

8.91 

6.26 

10.76 

16.45 

16.18 

24.00 

-

4.18 

Canada 

(i) (2) 

12.96 9.29 

- -

17.12 8.45 

- -

- -

- -

9.56 6.24 

- -

4.09 3.58 

U.S.A. 

(1) (2) 

3.43 5.55 

4.19 3.24 

3.78 10.15 

- -

6.36 10.09 

....
 

5.79 4.18 

5.25 4.61 

-

... 

2.61 1.83 

U.S.S.R 

(i) 

13.09 

20.39 

(2) 

12.95 

2.36 

24.40 

-. 0 

12.8 1 

8.43 

37.73 

22.07 

81.63 

28.24 

56.50 

16.20 

4.98 10.00 



TABLE IV: Variability in Staple Food Production. 1961-76.
 

Stapl food production instability Probability of Correlation Correlation
 

Asia 
Bangladesh 

India 

Indonesia 

Korea, Republic of 

Philippines 

Sri Lanka 


North Africa/Middle East 
Algeria 
Egypt 
Jordan 

Libya 

Morocco 

Syria 


Sub-SaharanL Africa 
Ghana 
Nigeria 
Senegal 

Tanzania 

Upper Volta 

Zaire 


Latin America 
Brazil 

Chile 

Colombia 

Guatemala 

Mexico 

Peru 


Standard 
deviationa 

(i03 tonnes) 

765 

6.653 
1.040 

445 
348 
107 

531 
282 
119 

56 

1,156 
702 

121 
958 
325 

430 
128 
190 

1,631 
215 
126 
56 

1,080 
197 

Coefficient of 
variation b 

(M) 


6.4 
6.4 
5.4 
7.1 
5.7 
9.3 

28.9 
4.5 

65.6 
28.0 
27.2 
38.B 

5.8 
5.7 

18.6 
12.7 
9.8 
4.9 

5.2 
11.1 
4.4 
6.5 
7.7 
9.8 

actual production 

falling below 

95% of trend 


(%) 


22 

22 
18 
24 
19 
29 

43 
13 
47 

43 
43 
45 

20 
19 
39 

35 
30 
15 

17 
33 
13 
22 
26 
30 

coefficient between 
total staple food 
production and 
consumption 

0.90 
0.59 
0.92 
0.20 
0.03 
0.56 

0.78 
0.29 
0.63 
0.62 
0.98 
0.92 

0.98 
0.99 
0.99 
0.98 
0.95 
0.96 

0.92 
0.54 
0.51 
0.51 
0.53 
0.37 

coefficient between 
cereal production 
and total staple 
food production 

0.99 
0.99 
0.94 
0.95 
0.99 
0.91 

1.00 
0.96 
1.00 
1.00 
0.96 o 
1.00 1 

B 

0.93 
0.92 
0.81 
0.09 
0.99 

-0.21 

0.60 
0.99 
0.85 
0.99 
1.00 
0.97 

aDefined as the standard deviation of the variable Q-Q.
 
bDeflned as the standard deviation of the variable (Q-Q)/ Qxloo.
 
Source: Valdes and Konandreas (1981).
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variability, the production of basic food and feed crops in the 1983 harvest sea­
son 	was forecast to be reduced by almost half because of -xceptional drought,
leading to a rise in food prices of around 6.)%. Moreover, as the total volume of
world production increases, the amplitude of seasonal fluctuations in production
arourd the mean due to weather variability can also be expected to increase,
whether there is any major shift im clirriate or not. ]it this connection it is 
important to not(e that even wherec co(ficimits of variation relatively low, asare 
in China and India, tie sizc of the standard deviation, measured in tonnes, may
be very large sim)ly beccais, of the sixe of the country and the volume of pro­
duction. 

The Nl)U study coinchlides that, at least for the next two decades, technolog­
ical chitnge is, lik'ly to have a much [ r impact thu climaLic change on 
yields, and thererore or totad prodi(cLio Ir we, accept this conclusion, then the
irifi oncc of let hiology on product varicilility Mill be extremely crucial to the 
stability of food stirllly anrd t.hus 	to food price's. 

5,e. 	Inleru.:lPins biewe!en ('mal ic tarirbility,7chnological(hange, and
 
Other . ourc: s of /'rldr.cuionInslabitily
 

In inuch of the HItcrilu re Oir dcvclopmcint there has been an implicit assurnp­
tion tliat ltclilologicail cthallnge has a stabilizing influence on crop yields. Recent
studies by lI;irkir ( l (I9d I), Mcihra (198h1), and lhazell (191182) challenge this 
assurripthioi. Harker 0itl arguc tloaL although some componren~s of technologi­
cal Cliai ge, such a.; breeding for tolerance to adverse environirirnts or irriga-
Lion, are )ield-stalilizing when itaken independently, they tend Io raise the mar­
ginal productivity if rreritif'c inputs such ias fertilizer or allow the spr'ead ofcrops to a reis ;(rVion sly thought to be sublrnrgilla], both of which Lend to be 
destabilizing lit addition to weather variability, insect arid disease danage
(which miay if cour,, ')(, correlated with weather variables as well as wiLh crop
Variety) is i najor 'ojrcc of loss, while urnc-rta nLics of water, fertilizer, and 
electricity Supply - especially in developinrg counLries important- are sources 
of fluCuatrois im yields. Thus there are complex arid somewhat controversial 
intcrrelationships between yield-ircreasirg technology, climat.ic variability, and 
risk. lurtic'r rcsarch of an interdisciplhnary nature is needed to shed more
 
liglt air this issue, since it cold have 
 crucial implications for agrieiultural
research aird 	 tihe direction of new agrictiutura] techiology, which are lik.,ly to
 
vary inder differenat agroelinatic situatiors 
 and probably among individual 
crops ard production syslems. 

After looking furlher into this problem in relation to India, Hazell (1912)
concludes that instability of total cereal production there has increased, in the 
ten years from 1967/68 to 1977/78, compared with the previous decade. While 
changes in the variability of individual crop yields within Indian states have 
been an important contributory factor to the increase in the coefficient of varia­
tiorn of total cereal production, he attributes the main source of aggregate insta­
bility to increases ira various intercrop and interstate covariances affecting both 
crop yields and areas sown (the 	latter becoming more posi'tively correlated with 
yields over time). Ile states, 'The sources of these fundamental shifts in pat­
terns of dssoeiation are difflcult to identify, but they probably have less to do
with the improved seed/fertilizer-based technologies . . . than with changes in 

http:climat.ic
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weather patterns and the more widespread use or irrigation and fertilizers at a 
Lime when supplies of these inputs are not reliable.' Ilazell (private communica-
Lion) also suggests that the vaniaive of total cereal production in the United 
States (due there mainly to yield rather than to area factors, and again largely 
to irterstate correlations) increased h twcir I95ti-3 arnd 1967-830, especially 
with respect to maize. This could be dui toi te iarr;wirng of tile genetic base 
that has occurred in the hiediiig of iiooherril iraize hrybrids. This reductio of 
genetic variability is riot cmiiriri to rrraize varieties; it also applies tio wheat. 
iarb (1981) hias suggestedIlint thIn' rerders hlave pridlo'ed varieties that slar­
ply Ilaxililiz' yield withil a quit( rirrom iaige of %%catlierconditions, but give 
lower yields thalit hfore Ilder roiriitions ortisid' that range, implicitly asstim­
ilg I tio-chaligi' elilliat i' forccast This is pr'obally OI''r'et as agriciitilre has 
beconi, more .r)phi.Aicated tlh(lre ii hi'i' it trenld ;rway trOli trying to breed for 
;id nliptahilit 3 to ;-.aid t lorilg ('illtivars to locial r'ollo tivirs, a fact notel by 
lalrymupl' (19'41) ill Ilis r'ic',N f Ii t dh'veloproetit rlid spread of high-yielding 
varic . wcal rice While g'ii'tic'ists at the iterniational AgriculluralC'Sr of aild 
Res!arcli (C'(t rs ire row tryinig to develop iiaterials with increased plast:oity 
and tolrario' of cli tirio uiversity, Ile' oilh' ni'ins idlit frd above rnniist he a 

oru ill to cliniatic change,caiusi' of firure [errI Inlit icnl til' response of crops 
irrcr'itsi(d (clitain nriaillv oyr ither clriitt'-rlated factors such as pest and 
di ',ls,'c (tlack,o rc'lialbility (if "ater supplies for irrigation arid electricity gfen­
('f it fol 

Th'e Jra.ltit oif year-to-y('.ar wveatler variuitioi can also be very sevre for 
livuslock, e.<t'crinlly range airirals. loth north and south of tire Solitria, losses 
of 5(iY Iil rllutu ltlt airirrial riurrrllers have been reported' and, as has been 
pointed out b) Ih' literruatliona] Livestock Centre for Africa (1933), the cornhiria­
tiori of dtatllis a iit scini-starvation (if growing stock liray impair overall produc­
tiori for a (h'c-hn,. lii higher latitdes griizirg anitrals tre more likely to benefit 
thi los'. ran t radia' an,irllg Lreid, siicc tiis would probably increase 
pasture grooth ald e.teicI tie growing season itn regions that might remain 
mtrgiutl for tillt ivutit i cit her because of high variability or, Imore likely, 
becaLIse of Illl.-:1ilible, soils Htwever, ivew i in indiistr'ialized countries with more 
teinfterate ('liual.s ai;d sophistic.ated systems of rianagenernt it has been 
demonstratcd tiht the iridenc'e of several aniial diseases is signifieanlly 
correl aled wi l weather' variables, andi that control of these diseases by farmers 
is not geared Io cope with lithem, despite the availability of forecasts for some 
diseases (Ollererislraw, 1981). 

Thus despite the need for a long-teLrm view withit respect to climatic change, 
much must also be done to safeguard producers against tire more irmediate 
hazards of clinoati c variability. While the fact and magnihide of change are still 
uncertain, variabiiity is always present and often high. lortunately many of the 
policies that could prepare LIS better for Lhe first contingency are also those 
that would provide some insurance against the second. 

6. Planning for Future Climatic Contingencies 

It is difficult to look far aiead with any confidence both because of the uncer­
tainty attached to forecasting climatic change in itself, and because of the 
externalities unrelated to climatic change that are involved. There are grounds 
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for optimism and for pessimism. These include the following. 

6. 1. Iopulation (rowul 

Accordinl to the World l3aiik (l91)2), poltulit ion is 1xplnt'tcd to rise, at least to 
arond11( [it' .Lit'Lr'210), ii t11 loI ,-i( l (ic t jlidle-illco 
ecitiritrics, blit irmIly lillrl' statliliiory by the yt't 3)(1)) i0 

0e iltlo t1 I c]€ic levelopiig 
2 11SinCe higher-incoinre 

ini sLr'ioliz(,d mtii ii'> tl,chnug'. s .If 'rini onily .<iovly th i i oul he tnie to 
adjust t t toI, Ii(Iea'it< orldt ot piilttion, bitl+ if ciiir II Ir shifts ire rapid and 
accomani eiii'dby t' ,tirhlttlity, t dliffittilt sitinotloii co'l ii f l re,,l .irtlly it)tlhe ntxt e'(tinrv liI sonil, ilei.s of the, tiirini tl. a tiit ',l(ncyncool orto .er 
irier cIi iiit, 111ii,lit fit Iiitt1t ( i. rl ll it illof )intilt ]tll ittliil l l i ii't't'ot,,, 
rneams wihll (uintil,.< tliiii ii4ii,, jni~iinlt(tldtuii',tin-l or1w "iloticiui"din,., 

to cii itt<', hill I niItill I ,w roi .. rIIil ti'llbol it 'ii lhe f(-;irl, llifiot t'lin it it 
r-,.L l'solutIi , its i( iiit hit-lo y s ul . 

liu tlly, it is evilhriL ttl:t lltJ oi li(55 1iihlitt cs c i i i,ta ptr tl Lit'' , I. 
iriteinsil'ic ioii ouf pmiiltu ,lcln;iil ( ilninti liii i ftiifje ; iigri uIllii lLec h i q uetic'its, lil \Weste'iii 1,1t 1t)1,1, lil+;t .\si+,, ;111(1' i 'r' .-ti l i ll titi ;Ilild
 
% ltLli(i,i
S { As.iii 

pp lill iloll is notfJii+cr,m il liim,d hs) illljllo()\ d 

(()liitrl,I h .Ifit lli il' t Ilil\ thrli(JO~it , 
Ii(t~III, %Nhclly;dvvfcr t,, 

providled thiilt h I )(i'\% prli l i(,cs J() im t)Icild toielmirl ill ,flntiddvoi-,adih ilil,lilt, 
worst pll , of In iusi o r tt t'$ liitt l ill111'o£:,iV,11i11.r ' ili,. il(C 

fc+rl ill ili(lliloll. ',itt
( I'ty r'€lls.-: lolll
 

6 2 'hI: /'otcnlial (if .,liri: iltural Techrcot1,iu/ 

jcur if ' 't orlnd 
attribtut bli toi ijct lincic,.t<, lost fioill 1:, h,ttNll 

Tih' ) up rt 1(11 r t i it ,Ih (('l'l (i lI)(,oc t-i i i l hi l n c iunrItr'es 
9 I t and I9f6 tot '70

bc'ti,v'r i I 99 3'77:, ntil I *\itli i h thi: tl icli(],tii y is likilItoi rise s ils,, Iuln 
becoini's SU't ',I(., ,(n r liiills furLnlt t pt' yieId iIiirolvi'inl iit ili tIhel Third World, 
is Clll be s:etll flrnil irlliiritot nlis il(t n'nil yield> of sitriliir crops in closely
lilohgoiis cmidinr4 II pttd illltlltlioil- ilovt dt'v lo iniig uiilltri' s; foir vx rin­

phII I euI r lie r prot iiod i ' yt a Iiutt, ii I, n,"i , of th! i(, lioth,' of the t'SA corn­
pared wit li 'urki-i A;iiitolii, or li cheat isep systell ilr \clditeirani n Arrs­
tralia, coiop red ,,ith timi-feut sys:teuis illthe \Idit'r'rilicj, holsil itself lhe 
rnmari obs.tils to hii lot pritiitc viLy ore, oftii siiil (espeniilly forIin4g strue-
Lure) or ecunomic rilr(,r Lhon techiilntgiid Should s(iilrnlists be aimiling it 
tria+xiizir g yields with risks of iiitre iisrlg variability, or atLyield stability, with 
possible perralties in ilower yield pt,irtirl' Thi trah,-off li terns of growth of 
food production elerly inrierits serious stuinty 

Increased yield amid labuor- rouhuctivity have been the inun coriLtribtltors to 
agricultural growth irrdeveloped coilnitries silice 19'I, but yield shows signs of 
levelin' off there, with increasing costs f(i ealch :'"" ritnl at, the margin. Cal 
r.',w bi'eakl!it.OLlhS illreseoal' i accelerate, growtl an d/or redtnec costs'? Sund­
cluist c+>at. (1 9112) sugges t that the i nins froin further ircre'rses in nitrogen fer­tilizer use, the main contributerr to yield gr-owth (and variability) in the U.S. 
corn crop since 19,4b, are virtually exhausted. The genetic and physiological
plasticity of plants referred to earlier gives ground for hope, buL a corollary is 
that a determined effort will have Lo be made Lo screen the world's germ-plasm 
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resources, and to conserve them for use in times of future need. 

6.3t. 7Me Affects of Increasing Urbh.niztaion 

Apgrioltiural populatioir has declined cibsolutely it devloped aind sorle develop­
ing icicntriev ind is (chnlingi relatively alirot rvhirywhertsuggests, forhic, 

ol('OIle tin ,lilt c l ic or poli' l ic) tcc[tl cp rdliit' ioll erlf ril oiollldctrLib,;iS iit-ce 
will declrn I;iltil lid the cf llo livnc c rit.(1 fllz II ttr, piltrter of food oInstre ip­ttioll Illi uy cL ri I il( rlj~r() onriina slihslitltioll of[ 'apt~d (l'llm 

k Inr I t d Ir Intc(,ss itl­llimz ah~l i) fo r lahm~, m',th mll'ir( ial Ie' wre ­ s 
,siolIS oill (c(I t/11 i(-( r('diltloll.lh ij)S alld li'' ., rq ]l [" ll ll < 

1Hisrrig ilCOlMPSl l iri iistriall/c'dii il( Iifl,s havc hd to iil ,ic t'u deliand for.
fruit, vevg taiblc, , anl iilincil p itc'jin /fel-EVrci cn)Iducit i, with iitnisl cqiiciL
chall es ]ii l i pirodtl( i{) l Stelir ill hlilr Iijliciit) i<(1 d ill(,I lo ('vilerlt in 
Iniidl(le'-ilc'mIIt'- dv' ' Iolig Imtilric's Will Ivh 'rslf l )l of tlit, diet irili'(,is (m,
ntil I I', Vii i ii bll it, iLl li l iii chlliig ,' l flll In i lct c(lirl li t(ribl ololl If] poor 
vciliitric:4 Icics ilist ally ti IIhI IIerc'or l I :il n oll oof foorScic1jstic Sc e )pcialIlIy
CCIiils, dl~ io tobut -itlc' i ~y IchligtS HII[lii P1JlljpcWitc0!l ti t iCel t. TriS IX(i.C:,ss ccli c g,tll{'itt i l(ii :c Impcirt. of cif 7l,I I ty loiw-i c ll(ci , (0o u tr i's for 
both food ch f(cc, h t Ihrouglh tl1,(7 or .cl 

6 ), l,oc oicn of liitu Mijor ,ulaimiut e CrrLn lroduxccers 

Although :\rtcicntilcu, 'Iiuhi ni)Ill t il, li i 'ri be alce to increase their grain and
cilst ,e' exports, tt(, it n fiture ucid ,ii (or i.'ielit) of inc,'ting increased 
ch'rmc.rnd for fiooid 11it f(' d is likely k) fill oi North Ariericuit, tile princcipill gracin­
scirpclcis iru' Ltcii ,y , ')!'h y
hlc' \Table lc i% 'cj)('lce l.' wic North Aineric-a for world
 
grain i '. (itirlcc.hlt ccf [t, l( :,- 7' 
 ircark' c h' stirplus) lts incresiledthe sin i-Itivity of vccl !d fod1 ilj);dv toi the w'itl'r iel illnat.e of thair region.
'[his giv S (Ctiisi' for (olrl(cr I tiin lic(rtaill fiticri - especially if there is a
likilihood of pir€n y('virs oscitrlin rrriuitcncc'ciic4 iin the major inidlatitudc 
grair-proltucicc i egjotri- :)f \orth A ericcc , the [..S S R_ and Austrciina, as lamt­
(1 ,I3 1) has s.-ggu(,tcd 

6. ( Musures lo lnc:rease lbon Seurixl 

In recent years the deve loped countries havc shown greater concern for the food
secur'ity of the Third Wor'ld, lthouch th' rrmain iiiternritiorial aid inistrumeni ­
the Worl oldc Prograinme - still r'ceivus only a minori proportion of the world
grain surplus, ind muc h tid is provichd bilitterally and with political strings. It 
has been hotly debated whether devethping countries themselves slit uld 
attempt to hold large grain reserves, since this is costly and ineflicierit; how­
ever, not to do this could put them at the inercy of unpredictable political and
commercial forces in a time of global scarcity. Recently 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 by Region 
108 tonnes)a for 1969-71 and 1975-77. 
Region/economic group 

World total' 

Region
North America 
Europe 
U.S.S.R. 
North Africa/Middle East 
Sub-Saharan Africa 
Latin America 
.:4ia and Oceania 

Econorniz groupd
Developed 
Developing 

1969-71 average 

Gross Gross Net 
surplus deficit surplus/dcficit 

77.3 81.9 -4.5 

52.0 ­ 52.0 
1.1 28.3 -27.2 
- 4.4 -4.4 
- 9.3 -9.3 
3.1 2.0 1.1 
8.3 7.3 1.0 

12.8 30.5 -17.7 

68.8 49.1 15.7 
12.5 32.7 -20.2 

and Economic Group: Averages (in 

1975-77 average 

Gross Cross 
surplus deficit 

153.1 123.3 

116.5 ­
5.3 38.1 

- 18.1 
- 13.3 
2.3 3.3 

12.5 12.2 
16.5 38.2 

135.5 77.3 
17.6 46.0 

aTrcluding all cereals; aggregated from country-level estimates of production and domestic use.bGross surplus minus gross deficit.CFcr 130 countries with available data on cereal production and domestic use.dFcl!owing the FAO classification. 

Net 
surplus/deficit b 

0 

29.8 

116.5
 
-32.8
 
-18.1 
-13.3
 

-1.0
 
0.3
 

-21.8
 

58.2 0 
-26.4 IM 
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political solutions can be found. lowever, because politicians Lend to take a
short-term view, it is likely to be easier to mobilize aid for iinirediate emergen­
cies tiwn to otrvinee national planners of lhe meed to take long-Lerm and possi­
bly costly menasures to safegunrd world fNod sloppli(s against a change in cli­
ratte, tin' direction of wlic:h is hard to il mrate oar to predict with any cer­
taiity Theire is oll ugc'it ieed for teariulor, 1. iiloi ilirnatologisLs, agricul­
Iu,,alists, iiil(] (,('.lmimmmiists to ito i(lor lli(t iS - timt irnriliie atioris of clim atic 

hilliigm, aid N'trimllLi[y, arid tomiism re that hlmise art, limldrstoom by iational arid 
i iLcr at it)i I p(l icy kf"r'sit ii 

This analysis suggists that to hleti'prini, "I ,-r'Iheim' ain economic and 
social impaitts of (ihuillca cmn agiluiiiir( Inight omc''umrm'lmongm' and who the pril­
€ipnil im'm'Fi'mam t' l k Smlii mit ud s nilit b,' iiv'quim i" t\mm m'it lmim'liii'mary approm lches. 
,mlimplv to milc,''ll'tl< ' ()I;na ,iiiiimto atimims rmold h' m liigcoiud ,cmisi bvm:ouse these are 

flmr(i t im tmm'i, i il lill' lbaliimaili rat rlt glo Irmitdm mlimi ;5m'm'l' 
'Iri i tim .I t t lI ' I I)lok at gl hcal sripply id d(Iimanml for food with

cili lla' z oil celeals ftr h mi ind feet!, illidn iH l(iiiimajor consuminilrg aid export­
ink; ioiniti'ies It would ii' i V )l)st itl'm, of the present arid 
!1ki'l f[tmtltu'i ti ltlmims of tm I maimi pi mhi'cli i',st om ri rodtu tiLlon .:ysterms on 
\'ii ,(i>m issiami jiltmilm )f tmhmmll:p'.> iI (l'itpi i, ile] pmi (iti 'ltiti lL. or exam ple,
Siile ml t m CIft il lI n \%tet 'i Ia lirtlml tml u l sim il mirliif, ftiosl-fr'ee lim it iii the 
(.)I it,,1tifth(,l ' itm'ii St i' ma(,!.-mis'mtlmmt,t I C oi%,, imii a iiimn , would result sin ply 
IIIa al ' illcai t ndilin cm ifii ,i' t hli,iI '( inlId I iid tm im shift of production 
0atimild Its sm bitm i mi rIigiii Initm tli i()I)jjimniimps i'It [Oil,

ticmilt i ir(, tluinin ' iiiuttvi's %iti(I ia ' to)I' li st c,I l 


mt
' - pe anuts, or hor­

-- ' it owever, maize or 
anlot he"r (ii icp lm1(J firm immiili lrmil ito iiii r' 'hiimtmc 'onmdmitioins might replace
wheiiait1 il ss ii i' t iiti('iii' i A si milar Im ',i(miiI iJilt mom'(cur rm tiLe h']C, perhaps

illig it-exp'mmlivi'r'tdim '.'miim I ahl(liim it- fti-d aild cxctic fruit and vegetable
imrmplitis Tiii' po(i lltiitm mimpti t if,mmiimtii 'iiimg iIll Hi. U.S.A. oil aind ,oW 
'idled' f.tilltmmi l icim (i) 1'-Uii ;i,', tin imiml it licrsc t iriecs) ()iught also to be 
exalliic'd The Irrigilo p(.ilt iti l v,muld lii() ii('iluire evaluation. ile supply
illillysis immlmli(hmtm to hi' misigclt gill I. ihiil l i' rIhmIjor producing court­

tries rid t shiiuim him , m,emimidhil n-bet. 

of plenty the, mai ii'ii'fil'ioli'S i)ghIt Ili' limill 


mmit mmi iial In a world 
mcoisumji]ers, and a sensi­

tLivity ilinlyss it supply sillim!t-, IIsii tiii'tmpimihimi' amti" i'imm.suincr surplus tech­
riiue right im ip tm( crlify tlins In a tiglt ;m im its iuati, prices would rise and
 
richer moUl!Irlms "wmi ld have first ('ll, litii, iigit be ilt 
 for conicessioral sales 
or aiml.Itnterniationally tit' majD1 fom-C'xpoIt, ri ciimirims would probably

birnefit subsimttally, mddmi
Imnpiiitmm-s \aih wak irargaiiing power, aind the poor in 
those counrtrim.S, .sp'iiily th ,]i'ldl's: lhib 'ers, iommli hi, tie cihie'f sufferers. 

Whil' aillainilysis aloniig thmisC ii's \i€mlid hmlp to di'iimuct thimiM ir global

Sci'mmmm'ion 
 iri' irtc ts ot cilm nitie mhmiii', it ,itrirmit approach, focmrsirng on risk
arid imimer'itirty, %ouhm be imemcdIto dhmfime lit, rost vutincable producers. /bur
 
r y'in t
inal promucer .Jroup: amtparlicular risk carL be postulaled. lie fmrst is 

t hilillilocitet in im e tropil's, iii mumaim] itlm,:s of .'\sim at 'tie mercy of excessive 
prcimpitmiaLr aim( flo minig, mmmlii Lhin' Pacific aid Caribbea . While prune to
pe:riodic: violent matastrmimlim' tihs( regions iniive'rtliless scer less vulnerable to 
excessive year-to-year variability of yield andmJ less likely to be severely affected
by cliratic change than produers indrier or colder marginal areas. The second 
group, ii thm' arid andm simriarid areas of thim tropics inAfrica and South Asia, and 
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in the Mediterranean climate of West Asia and North Africa, exhibits the highest
annual variability. Sem i'rid Africa has been the main focus of famine for, iany 
years. Population pressure and nationali,,-tn are exaeerhati rig this, and reducing
flexibility for traditional inears of risk avoidarirc such ias riotiiadismli. The 
nouradic herdsriei are noW ill great risk, aid i,,liliri' ii rimriwrer. their situia­
tion in rlahtioi to airy possible shift (if tlv rainfall rist liit iou at lH dry Mar­
gins riorth ani soutli of the Saliara siold icccive :ti'r:iail alttliiilioi A tlird 
group, cslirriatd to eaorrprise some 107' of the %orld'sp tiliimil, comprises- the 
farners Ilt high allitudes. 'lIesi' hivc ret'iV it i',tltlvi little' iltteiliolli until 
recently: they live in a iie, rallgeofe" niditili lat \aiyii.g idtitildes arid llti­
tules, allid hav, all eqaidly dlvirtse I'illg of ltoiwhtlltl teII1' Isl regiois
altitude iay roodify iailh Iw lllitarid cl ii fnila bly, )tlwi i ill Westia III ., n Asia,
it rlnriy 'o li mlnId.aill lwn 'l Iti l a it a i i 'l 'oh! ill Itilw-, '..gi t iil it sill aiid 
tlra isi nii aircel l( also i ojrt a it \h, iii tif li 'slIb.k mllill ii wi'it It is 
extrl llt'y difficult to pred liot twu di\t'I.C ,1td ,uiip)I, -iti!ltt i .o aolilll beaffected by chimLnlic €'u lirlgc, I'hnl Ic ' l ( l l1[(' ti,1w t ii i.- ll l1i";her hil i­

tides. 'li s, ii'r rmostly lorated iI d<' clipl:'d illid i i i are€ittttillic's lhvir plethierefore <2olleV, hilt les.s vullilrile l likth l 1 :lal\,ttil l Iflid~ili clilili'Lic: 

c lnig Ihli li liost ill Hili Iii iglmi hii i s of Ih-liiiI 'i\it hi II vi , ,, lth y irv
still riot l l tirn' to i'(i(ot iit' oss, is ("aCt i iiid hnin l ti;\i p iit 'd ,t,Agail,
i Ilay be Lll, hi.'ildslirii Mv d ito it rost ij-k, >il'i' thwit liiiig i< oliii beyonl
the fri ig', of cliitVditii W 'll i' ' t ho ,li'fit fti ll ;I irilt ., I relld in)' vtny 

climate 
would depend greatly oil liti this frilcil i li it itid gira.ing. sitce 
adequt niul.ritioti of ralige alliinals is ;I €'ru'ial htiffir iQigiist h illt'iper'atire
(hllaxter, 19802) Alnost certilily a c'iolliiw tl irtiu oid hi' (iliI'llilhd I se io 
alternative to stodyitig tre speial prollliii i)f i','lt itf Iies' groiipls aill the 
potential ef(fects tif ch tti'icimitic, i'lllp' tiir tlilll~ .,.tilrs '< 'parLitnly, 
breirlise Ixce pl iii tir' brctih'.st l'i'hiiillil. > -(,oi piti l f th , g1(iiail food siltlil­
tiori ilty uno riot im1pintge Oil 'allh other 
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