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C
Iimare is changing, or so say mOSl SClen 
risrs. While nor wirhour conrroversy, rhe: 
recent (1995) repon of rhe Inrergovern­

menral Panel on Clima re Change 
OPCC) concluded rhar "rhe balance of evidence 
suggesrs a discernible human influence on rhe 
global climare" and rhar "climare is expecred ro 
conrinue ro change in rhe furure." Funher, "rhe 
average rare of warming would probably be 
grearer rhan any seen in rhe lasr 10,000 years, 
bur rhe acrual annual ro decadal changes would 
include considerable narural variabiliry." These 
conclusions have given new imperus ro inrerna­
rional effons ro limir greenhouse gases, and agri­
culrure figures prominenrly in rhese decisions (see 
sidebar, p. 8). As climare changes, rhe quesrion 
of wherher agriculrure can adapt is imponanr. 
borh ro undersrand how much ro conrrol global 
greenhouse gas emissions and ro gauge what ac­
rions would make agriculrure more resilient. 

Research on adaptation in agriculture 
Inreresred parries srrongly disagree abour 
agriculrure's abiliry to adjusr to climare change. 
Some see adaprarion as a gradual process rhar may 
underecrably alrer rhe choices we make; others an­
ricipare rhar wrenching changes will be needed ro 
avoid widespread loss. Table 1 is perhaps rhe besr 
summary of whar is at issue for agriculture in rhe 
adaprarion debare. Work ar rhe Economic Research 
Service by Darwin and colleagues shows large re­
ducrions in cereal producrion (18-29 percenr) wirh­
our adaprarion (column I)-rhar is, farmers con­
rinue to planr rhe same crops year afrer year even 
as climare changes. If, however, farmers respond, 
markers operare to provide price signals to furrher 
shifr producrion, and agriculrure shifrs to new land 
rhar is currently nor farmed (largely warming areas 
in Canada and Russia), rhen climare change may 
generare overal1 modesr (less rhan 1 percent) in­
creases in cereal producrion (column 4). Much of 
rhis adjusrmenr can occur on exisring farmland even 
before prices change ro signal shifrs of producrion 
to differenr regions-insread of 18-29 percel1l losses 
(column 1). cereal producrion fal1s by only 2-6 
percenr (column 2). Markers also playa role in 
reallocaring production across regions and exisring 
agriculrurallands; allowing markers to work in rhis 
way resulrs in virrual1y no change in cereal produc­
rion from rhe reference case wirhour climare change 
(column J). These esrimares do not include rhe 
posirive effecrs of CO, ferrilizarion on plant growrh 
and warer use effici~ncy. Based on experimenral 
evidence, rhis effecr could increase crop yields 10 
to 15 percent wirh a doubling of CO, levels. 

Resulrs such as rhose above have co'mforred some 
bur have raised significanr new quesrions for orh­
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ers. Can we just assume that farmers will know 
what to do as climate changes? What will these 
changes mean for farm-dependent communities and, 
in particular, for poor areas of developing countries 

where what you eat is largely what you grow? Ex­
isting research does not provide convincing answers 
to these questions. 

What does it mean to adapt? 
Different researchers and observers have different 
definitions of adaptation and different preconcep­
tions about the ease of adaptation. 

Webster's dictionary defines "adapt" as "to make 

fit (as for a specific or new use or situation) often 
by modification." A Canadian task force reported 

that climate adaptation can mean preventing loss, 
tolerating loss, or relocating to avoid loss (Smit). 

The adaptation debate also hinges on who or what 
is adapting. Europe has its wine regions, the Swiss 

their picturesque alpine farms, and the Japanese 
their rice, each of which may well be threatened 
under a changing climate. For those who focus on 
the individual farmer or farming community, suc­
cessful adaptation means maintaining these local 
agricultural systems more or less in tact. 

At the opposite end of the spectrum are those 
who look to the global granary. If wheat and corn 

production shifts north to Canada and Russia but 
global production levels are maintained, then mar­

kets have facilitated successful adaptation of world 
food production. If the wine regions of France fail, 
then the world market can supply Canadian Bor­
deaux or Finnish Chardonnay. And, even where 
production fails for some crops, cultural tastes can 

adapt. If the American consumer can live with Uncle 
Ben's converted rice, then cannot the Japanese learn 
to be less fussy or at least import their rice from 
the new Siberian grain belt? By substituting lower­

priced products whose range of production has ex­
panded for higher-priced products that can no 
longer be grown, our aggregate well-being can be 
maintained. Sons of winegrowers can take up com­

puter programming. Daughters of fisherman can 
learn to be winemakers. Cattle-herders can graze 

sheep or move to a job in the village. 

On the other hand, Iowa could be the land of 
cotton, but if adaptation means junkyards filled with 
useless corn planters and harvesters, abandoned build­
ings dotting the landscape, and farmers who know 

only corn leaving in search of a livelihood, severing 
ties with friends, family, and communiry, then what 
does it mean to adapt? For one camp, all of these 

adjustments are a costly burden and should be 
avoided by limiting greenhouse gas emissions. The 

other camp argues that, because climate change will 
be slow, the adjustment COStS will be small relative 
to the cost of reducing greenhouse gas emissions 

In short, the camps split over whether to place 
the emphasis on the ultimate survival of the species 

or on the losses along the way. For a long time, 
climate change action advocates opposed study of 
adaptation strategies-their fear being that any ef­
fort to consider adaptation was an abandonment of 
the goal of preventing climate change. The question 

remains, would we be better off to avoid these costs 
by stopping climate change? Unfortunately, confi­
dently assessing costs beyond what has been done 
requires some significant improvements in research. 

Other unknowns 
In large part we can't accurately forecast adjust­
ment costs because we still can't accurately predict 
climate change. Until very recently. researchers have 
run General Circulation Models (GCMs) indepen­

dently of similarly complex ocean circulation mod­
els; to combine them tests the limits of computa­
tional power. Oceans create a significant thermal 

inertia in the system. Without oceans the atmo­
sphere warms up rapidly and the time-path results 
can be misleading. The thermal inertia of the ocean 
is one reason we are already committed to another 
twenry years of global warming, even if no further 
increase in atmospheric concentrations of green­

house gases occurs. Other factors also limit the use­
fulness of time path (or, as they are known in the 
trade, transient) scenarios. Sulfate aerosols, a by­
product of burning coal with high sulfur, have a 
cooling effect, possibly fairly large. GCM scenarios 
have not included sulfate aerosols, and the accu­

racy of future scenarios will depend on our ability 

Table 1. Percentage changes in the world supply of cereals: estimates based on alternative climate models 

GiSS 

(1) 
No Adaptation 

No Market Response 

-22.9 

(2) 
On-Farm Adaptation 
No Market Response 

-2.4 

(3) 
On-Farm Adaptation 
Market Response, 
Land Use Fixed 

0.2 

(4) 
On-Farm Adaptation, 

Market Response, 
Land Use Response 

0.9 
GFDL -23.2 -4.4 -0.6 03 
UKMO -29.6 -6.4 -0.2 1.2 
OSU -18.8 -3.9 -0.5 0.2 

Source: DarWin el al. 
Noles' Climate change scenanos are those Irom the GOddard Inslilute tor Space Studies IGISSI. Geophysical FlUid DynamiCs Laboratory IGFDLI. United Kingdom Meteorological Office IUKMO). 
and Oregon State University tOSUl general CIrculation models tnat have been logged at the National Center for Atmospnerlc Research (NCAR) for use by other researchers. These scenarios 
represent Simulated change In climate that occurs wnen cartJon dioxide levels are doubled 11'1 the atmosphere. There are a numtler ot efforts 10 make more generally aV311atlie recent and transient 
runs of a sUite oj GeMs 
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Flooding and drought-the two extremes often associated with global warming. Will farm-dependent communities know how to adapt to changing conditions? 

ro predict emissions of sult-lir as well as carbon diox­
ide. Greenhouse gases last for decades in the atmo­
sphere. so most of what is in the atmosphere has 
been there for years; a change in emissions of 20 or 
30 percent for a few years does not have much effect 
on concentrations. In contrast. sulfur compounds 
last in the atmosphere for a matter of days, so emis­
sion cutbacks immediately reduce concentrations. 
Sulfate aerosols also largely affect regions. cooling 
areas downwind. Failure to incorporate sulfate aero­
sols combined with the coarse resolution of GCMs 
sharply reduces the accuracy of estimates of the spa­
tial pattern of climate change and the temporal pat­
tern, particularly for small geographic areas. 

Climate change involves other uncertainties. For 
example, it is quite conceivable that a gradual mean 
global change in temperature and precipitation can 
contain abrupt changes at regional and local scales 
that create confusing and difficult-to-predicr peri­
ods of rapid change. Changes in precipitation pat­
terns seem particularly difficult to characterize given 
that they may be governed by differences in ocean­
land temperature, other atmospheric constituents 
like sulfates, and large-scale phenomenon like El 
Nino and the North Atlantic Oscillation. which 
themselves may be affected by global climate change. 

Reducing vulnerability 
There is now a fairly general consensus that we 
cannot srop climate change for many years. Inertia 
in earth systems and in human systems precludes 
quick reductions in greenhouse gas concentrations 
and temperature change. Furthermore. no one pro­
poses cutting emissions enough to freeze concen­
trations at their current levels, because to do so 
would cause unacceptable costs to energy-based in­
dustries and the world's economies. The Kyoro 
agreemenr proposes ro cut emissions from 1990 
levels by a few percentage points in the developed 
countries of the world. Even if these cutS were ex­
tended to the rest of the world. atmospheric con­
centrations would continue to increase because 1990 
emissions levels were well above the rate at which 
greenhouse gases are naturally removed from the 
atmosphere. As a result. even if the Kyoto agree­
ment is successful1y ratified, prudence suggests that 
we begin ro think about how social and economic 
systems that depend on climate can best adapt to 
climate change. 

The Inter~overnmentalPanel on Climate Changeo 
identified both technological and socioeconomic 
means ro help agriculture adapt ro climate change. 
as outlined below. 



Technological potential to adapt: 
• Sowillg diltes and other semo/ltd rhallges. Plant twO 

crops instead of one or a spring and fall crop 
with a shon fallow period co avoid excessive heat 
and drought in mid-summer. For already warm 
growing areas, winter cropping may become more 
produerive than summer cropping. 

• Crop mrieties and crop speries. Most major crops 
alreadv have seed varieties for different climates. 

• New crop varieties. The genetic base is very broad 
for many crops, and biotechnology offers new 
potential for introducing salt colerance; heat, 
drought, and pest resistance; and general improve­
ments in crop yield and quality. 

•	 \\'~lter Sltpp/y ilnd irrigation systems. Both tech­
nologies and management methods already exist 
co increase irrigation eHlciency and reduce prob­
lems of soil degradation, but inadequate economic 
incentives have encouraged wasteful praerices. 

•	 Tillilge. A warmer climate will hasten oxidation 
of carbon in soils. Tillage practices that incorpo­
rate residue in the soils can combat this loss and 
improve soil quality. 

• Improve short-teml eli/Ililte prediction. Accurate six­
month to year-long forecasts could reduce losses 
due to weather variability. The El Nino signal, 
the spreading of warm water across the Pacific, is 
the basis for such predictions now and works 
well for some regions where rhe El Nino has 
strong effects on the weather. 

• Other l1uznagemellt ildjwtments.	 Vinually all com­
ponents of the farming system from planring co 
harvesting to selling might be modified to adjust 
to climate change. 

Socio-economic capability to adapt: 
• Improved geneml education and training. Panicu­

larly in developing countries, a berter-trained 
workforce has more employment options and is 
better able co evaluate information of new farm­
ing systems and technologies. 

• Idelltiflcation	 of the present vulnerabilities of agri­
cultztral sj!stems. Current weather variability exacer­
bates soil degradation, pesr infestation, and water 
management. A better understanding of these cur­
rent problems and their remedies will help farmers 
adapt if the problems worsen with climate change. 

• Agricultztral resrilrrh	 forwed 011 fitll evaluation of 
the economics oflmlling jptems. While it may be 
difficult to fully identify all the ways climate af­
fects agricultural produerion, it should be pos­
sible to evaluate which farming systems do well 
as conditions change. Such evaluation should be 
specifIC co different farming locales. Such a focus 
recognizes that climate change is only one of the 
host of things that will change for Eumers over 
the next few decades. 

'-...-llUl'-'.l..AJ .1 ll:)l '<.u 

• Interaetll'e rOlllIllUlliciltioll between farmers iIIld re­
searchers. Research must ultimately be evaluated 
by its on-farm success. The idea that the research 
process can be separated into basic, applied, and 
technology transfer components gets in the way 
of successful communication that can lead to real 
problem solving. 

• Agricultural	 re.it'ilrch m a foundatioll for adaptil­
tioll. Preservation and use of genetic material will 
be needed to adapt crops and livestock to new 
environmental conditions. 

•	 Food programs and social safCry nets. Improved 
social safety nets can provide insurance against 
food supply disruption or loss of income related 
co climate change. 

•	 TrtlllSportlitioll, distriblttion, and market integra­
tion. Policies which maintain transponation in­
frastruerure and promote eHicient markets can 
help ensure adequate food and fiber supplies as 
production shifts and becomes more variable. 

• Exalllille the agricultztre	 and resource polit')' envi­
ronment. Farmers' abili ty to adapt can be pro­
moted through domestic agricultural policies that 
promote response to market conditions, efficient 
water pricing. and freer trade policies. 

A qualified optimistic outlook 
Agriculture has great potential co adapt co climate 
changes btought on by incteasing levels of green­
house gases, bur we are still quite uncenain about 
what those climate changes might be. Agriculture 
has adapted to many large changes in the past. For 
U.S. agriculture, the boom of the 1970s and the 
bust of the 1980s demonstrates that agriculture can 
respond to change. However, those changes imposed 
many costs on producers and rural communities. 
Normal variability in climate, including drought and 
weather extremes, imposes significant costs on agri­
culture. While it is hard to know exactly how to 
relate the costs of normal weather variability to the 
problem of long-term climate change, these events 
clearlv indicate that weather and climate can be dis­
ruptive. In concluding that agriculture can adapt to 
climate change, it is probably useful to remember 
the nature of the concept as used in the natural 
sciences, nntably thar adaptation does not ensure 
the survival of individuals within a population. Al­
though climate changes that are possible over the 
next hundred years or so won't render the world 
unable to feed itself. adjusting to climate change 
could impose local and individual hardship. [i) 

• For more information 

Council for Agricultural Science and Technology (CAST). 
Preparillg Us. AgriClilture jor Global Climate Chtillge. 
Task force Report No. 119, Ames, Iowa, 1992. 
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Climate Change Policy and Agriculture 

John Reilly is 
associate 

director for 
research in the 

Joint Program on 
the Science and 
Policy of Global 
Change at MIT 

The Framework Convention on Climate Change 
(FCCC), negotiated in Rio de Janeiro, entered 
into force in March 1994. It is the governing 
international agreement on climate change. Its 
ultimate objective is "stabilization of greenhouse 
gas concentrations in the atmosphere at a level 
that would prevent dangerous anthropogenic 
interference with the climate system. Such a level 
should be achieved within a timeframe sufficient 
to allow ecosystems to adapt naturally to climate 
change, to ensure that food production is not 
threatened and to enable economic development 
to proceed in a sustainable manner." Most 
observersbelieve thatthe definition of "dangerous" 
reqUires both scientific investigation andjUdgment 
and discussion within the political system. 

The so-called Kyoto agreement-reached 
in December of 1997 in Kyoto, Japan, the 
follow-on to the FCCC-was intended to nail 
down the specifics of greenhouse gas 
stabilization. Given the difficulties of such an 
agreement, few were surprised that it left many 
issues unanswered (What is a dangerous level 
of greenhouse gases? How and when will the 
developing countries participate? What 
greenhouse gas sinks should be included and 
how will they be credited toward individual 
country commitments? What specific 
mechanisms forthe trading of emissions rights 
among countries will be allowed?). 

More surprising perhaps was that 
substantive commitments were made. Annex 

''''lt~,~ 

Darwin, R., Iv!. Tsigas,]. Lewandrowski, andA. Raneses. 
WoridAgriculture and Clim,lte Change: Economic Adap­
tatiol/. Reporr No. AER-709. Washington DC: U.S. 
Deparrmenr of Agriculture, Economic Research Ser­
vice, 1995. 

Inrergovernmenral Panel on Climate Change OPCC), 
Clim,lte Chtlllge 1995: The Science of Climate Change. 
].T. Houghton, LG. Meira Fiho, B.A. Callander, N. 

Harris. A. Kattenberg, and K. Maskell, eds. New York: 
Cambridge University Press, 1996. 

Kane,S., and]. Reilly. "Response: An Empirical Study 
of the Economic Effects of Climate Change on World 
Agriculture." Climlltic Change 24(1993):277-80. 

B sets out quantified emissions limitations as 
a percentage of base year (for most countries 
1990) levels for thirty countries ranging from I 

92 percent for most Western European I 
countries and 100 percent for Russia and the 
Ukraine to 108 percent for Australia and 110 
percent for Iceland. The United States agreed 
to 93 percent. Annex A of the agreement lists 
carbon dioxide, methane, nitrous oxide. hydro 
fluorocarbons, perflourocarbons, and sulfur 
hexaflouride as subject to control. The Unite~ 

States sought broad inclusion of gases and, 
sources of these gases for economic 
reasons-the U.S wanted to maintain flexibility 
to seek out the cheapest sources to control, 
rather than limit policy at the outset by ruling 
out some gases or some sources. 

Some loose ends to the Kyoto agreement 
await further negotiation. At least 55 percent of 
the FCCC Annex I countries (GECD plus 
Eastern Europe) contributing at least 55 percent 
of 1990 emissions must ratify the agreement 
for it to take effect. But even if the agreement 
achieves target reductions, global warming 
questions still loom ahead. Agreed reductions 
will only slightly reduce developed country 
emissions and developing country emissions 
will still grow. So. worldwide concentrations will 
continue to grow indefinitely. To halt climate 
change, future agreements will need more 
severe reductions and inclusion of most, if not 
all, countries. 

....--------.I 

Reilly, ]., et al. "Agriculture in a Changing Climate: 
Impacts and Adaptations," Climate Change 1995: Im­
pacts, Adaptations and Mitigation of Climate Chal/ge: 
Scientific-Technical Analyses. R.T. Watson, Ivl.C 
Zinyowera, and R.H, Moss, eds., pp.427-69, Cam­

bridge UK: Cambridge University Press, 1996. 

5mit, B,. ed. "Adaptation to Climatic Variability and 
Change." Occasional Paper No, 19, University of 

Guelph, 1993, 

United Nations, Conference of the Parries, Kyoro Pro­
rocol to the United Nations Framework Convenrion on 

Climate Change, 1997, 
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