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Abstract. The economic effects of a doubling of atmospheric carbon dioxide con-
centration on world agriculture under two alternative crop response scenarios are
empirically estimated. These effects include both changes in the prices of agri-
cultural commodities as a result of changes in domestic agricultural yields, and
changes in economic welfare following altered world patterns of consumption and
production of agricultural commodities. Under both scenarios, with a few excep-
tions, the effects on national economic welfare are found to be quite modest.
However, prices of agricultural commodities are estimated to rise considerably
under the more pessimistic scenario. Increased agricultural prices reduce con-
sumer surplus and diminish the benefits from climate change that some countries
with predicted positive yield effects would otherwise receive.

Introduction

The economic and social implications of global climate change, due to increases in
atmospheric trace gas concentrations, are presently the subject of intense national
and international political debate. In order to formulate policies to address this
issue, the costs and benefits of the impacts of potential climate change must be
identified. The present paper is a preliminary effort to provide some sense of the
economic impacts of climate change on world agriculture.

The study of the economic effects of climate change on agriculture is particularly
important because agriculture is among the more climate sensitive sectors. How-
ever, economic impact assessments of climate change on agriculture are few. No-
table exceptions include Adams ez al. (1988, 1990) and Arthur (1988). Adams
incorporates climate change into a spatial equilibrium model to determine its
effects on U.S. agricultural supply and demand. Arthur uses a linear programming
model to calculate the effect of climate change on net revenues in the Canadian
agricultural sector, and an input/output model to estimate production effects in
other sectors of the Canadian provincial economy.
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Our paper takes these analyses a step further by examining global, rather than
only domestic economic effects. In an open economy, the effect of climate change
on agriculture in any individual country cannot be considered in isolation from the
rest of the world. Changes in regional climates and agricultural production affect
world agricultural prices through international market transactions. Thus, it is not
possible to infer the economic effects of climate change on agricultural producers
and consumers on the basis of national yield change estimates alone. The impor-
tant second round impact of changing world agricultural commodity prices on
domestic production and consumption must also be captured. Aside from Liver-
man (1987), who discusses some of the difficulties in applying global food system
models to climate change, few researchers have empirically investigated the link
between domestic crop yield effects and world agricultural markets.?

The paper begins with a brief description of the predictions of large climate
models, with a view toward identifying their implications for world agricuiture.
Because scientific uncertainty is a critical feature of the climate change issue, we
make an effort to uncover the shortcomings of these climate change models for the
purpose of our analysis. Regional crop yield effects expected to result from broad
changes in climate are then examined. Based on our review of yield effects, we
impose crop supply shifts in a model of world agriculture to approximate the
impact of climate change on selected economic variables.

Predictions from Climate Change Models and Their Implications for Agriculture
Climate Predictions

To estimate the agricultural impacts of long-term global climate changes, we first
must have some understanding of the direction and magnitude of climate changes
of relevance to agriculture. Climate change projections rely on large, complex com-
puter models, known as General Circulation Models (GCM’s). They synthesize our
knowledge of the physical and dynamic processes in the overall (atmosphere-
ocean-land) climate system, and allow for the complex interactions between the
various components. The Intergovernmental Panel on Climate Change (IPCC),
composed of hundreds of scientists worldwide, recently released a scientific assess-
ment of climate change. Based on current model results the IPCC (1990) predicts:

(1) Global mean surface warming as greenhouse gases partially block or absorb
heat radiating from the earth. The rate of increase of global mean temperature is

2 The U.S. Environmental Protection Agency is currently funding a research effort that is aimed at
increasing our understanding of climate change impacts and world agriculture.

3 These predictions are also consistent with the general scientific consensus on the broad equilibrium
effects of a doubling of atmospheric carbon dioxide summarized by the National Research Council
(NRC) Board on Atmospheric Sciences and Climate (1987).
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predicted to be about 0.3 °C per decade. This will result in a likely increase in
global mean temperature of about 3 °C before the end of the next century.

(2) Regional climate changes different from the global mean. Models predict
that surface air will warm faster over land than over oceans and that the warming
is expected to be 50-100% greater than the global mean in high northern lati-
tudes in winter. Temperature increases in Southern Europe and central North
America are also predicted to be higher than the global mean.

(3) Increased precipitation in the order of 5-10% in middle and high latitude
continents (35-55° N) in winter. Reduced summer precipitation and soil mois-
ture in Southern Europe and Central North America.

(4) An average rate of global mean sea level rise of about 6 cm per decade over
the next century mainly due to thermal expansion of the oceans and the melting
of some land ice. A sea level rise of about 65 cm is predicted by the end of the
next century.

Features of Climate Models and Implications for Agriculture

There are several limitations associated with the use of GCM predictions for agri-
cultural impact studies. We have identified three areas of concern. They include
timing, geographical scale of predictions, and seasonality.

Timing. Climate models have, for the most part, been developed to project the
equilibrium state of climatic conditions under an effective doubling of carbon
dioxide concentrations in the atmosphere. Typically, they do not provide informa-
tion on the dynamic time path to the new equilibrium climate. The timing of the
climate effects are dependent upon estimates of future greenhouse gas emissions
and physical lags between changes in trace gas concentrations and climate effects.
Calculating greenhouse gas concentrations in the atmosphere many decades in the
future is inherently difficult. For example, interactions between physical sources
and sinks and changes in climate are not fully understood; nor is the contribution of
many economic activities to the total level of trace gas emissions.

Climate fluctuations during the transition period to the equilibrium state could
also have important economic consequences. Even though it is generally presumed
that the long-run temperature trend will be a fairly persistent increase with year-to-
year variations, the transient response of temperature change to increased trace gas
concentrations is not well understood and may not be linear.

Geographical Scale. Currently, GCM’s agree strongly in direction for many glob-
ally averaged phenomenon, the best example of which is surface air temperature.
However on regional scales, there are significant differences. The difference in
some estimates of temperature changes for the U.S. midwest is more than 3 °C
in the summer season (Grotch, 1989). The grid size of the GCM’s determines the
level of detail of predictions. Currently the smallest grid size of GCM’s is in the

Climatic Change May 1992



20 S. Kane et al.

order of 250,000 km?, too large for reliable regional and local impact assessments.

Poor regional resolution also limits researchers’ ability to predict changes in soil
moisture levels, a critical element in determining plant growth potential, and thus
agricultural impacts. Soil moisture levels are dictated by precipitation which is a
localized climate feature, and consequently not well simulated by GCM’s.

Seasonality. GCM’s have only a limited capability to project seasonality; that is, the
difference between average summer and winter temperatures. Seasonality is an
important determinant of crop production systems. Changes in precipitation and
temperature would have very different effects on crop production depending on
their seasonal distribution.

Climate Effects across Broad Geographic Zones

Although GCM predictions are not ideal for agricultural impact analysis, they
serve as a suitable benchmark for our global economic analysis directed at evalu-
ating general directions and relative magnitudes of change. In particular, the GCM
predictions suggest broad geographical zones across which climate change may
affect agriculture (see Figure 1). Increased precipitation and warming in the high
northern latitudes could enhance agricultural production potential in the northern
regions of the Soviet Union, Canada, and Europe.

Drying in the interior of continents in the northern middle latitudes combined
with warming could lead to negative crop and livestock effects in the United States
and Western Europe, and the most agriculturally productive regions of Canada.
This region includes the largest grain producing areas of the world. Other northern

REGION

Northern latitudes |

Northern
mid-latitudes

Tropics

Southern
mid-latitudes

Fig. 1. Effects of climate change on world agriculture.
Northern Latitude: above average warming and increased precipitation, increased yields;
Mid-latitudes (north): above average warming and dryer summers, reduced yields;
Tropics: warming, uncertain precipitation and yield changes;
Mid-latitudes (south): warming, some precipitation and yield increases.
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middle latitude regions, including southeast Asia, could suffer from coastal inunda-
tion.

There are exceptions to the broadly generalized climate patterns sketched by the
IPCC. While China falls within the category of northern middle latitude countries,
climate models do not strongly support increased aridity. Consequently, some esti-
mates suggest crop production potential could increase (Zhang, 1989).

Regions of agricultural importance in the southern middle latitudes include
Argentina and Australia. The climate change effects on agriculture in Argentina are
not well known. However, some projections show a wetter, and therefore more agri-
culturally productive climate for the major agricultural regions in Australia (IPCC,
1990; Walker et al., 1989).

Much less is known about the possible agricultural effects of climate change in
the tropical latitudes encompassing regions of Africa, Latin America, and
Southeast Asia. In general, temperature changes are expected to be smaller in
equatorial regions than in higher latitudes, but there is very little agreement on
changes in precipitation and soil moisture. Consequently, both magnitude and
direction of effects on agriculture are uncertain. We observe, however, that less
severe temperature changes may not necessarily result in less severe agricultural
effects. Evapotranspiration increases nonlinearly with temperature. Thus, the
potential for drought with a one degree rise in temperature in areas with already
high average temperatures is greater than in cooler areas. In addition, cooler tem-
perate areas may be able to shift to warm weather grains, whereas already warm
areas may have fewer immediate alternatives.

Crop Yield Response to Climate Change
Crop Growth Models

The broad changes in climate projected by GCM’s offer some guidance for asses-
sing agricultural effects, but they must be complemented with more detailed infor-
mation in order to evaluate region-specific effects on crop growth. Mathematical
crop growth models are used to translate modified weather conditions into crop
yield changes by simulating plant growth rates for a particular crop, combining
information on physical conditions (sunlight, temperature, rainfall, and soil type)
with growth processes.

Many types of crop-weather models have been used in agricultural impact
studies, including empirical/statistical, simulation, and extrapolation from histori-
cal record. Predictions from these models must be interpreted carefully in light of
the manifold problems that exist. Limitations of crop-weather models include the
following: multicollinearity among predictor variables; non-linearity between pre-
cipitation, yield, and temperature; noncompatibility of spatial scale between data
on climate and agricultural yield; limited time-scale of data sets that preclude cap-
turing changes in soil characteristics such as organic content and soil erosion; and,
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the use of historical data that frequently do not include extreme events that may
result from climate change (sece Katz, 1979; Santer, 19835; Liverman, 1987; and
Arthur, 1988).

We review a number of yield estimates found in the literature on the crop growth
impacts of climate change, including USEPA (1990), Parry er al. (1988), and
Santer (1985). While not a comprehensive global assessment, these studies have
examined a wide range of region-specific changes in yields induced by changes in
climate as suggested by GCMs, under existing cropping patterns, management
practices, and production technologies. A selective summary of the results of these
studies is shown in Tables I, II, and III. Even though each producing area was
examined by a different team of experts using different models and methods of
analysis, the findings of these studies generally support the conclusion that middle
latitude yields will fall and northern latitude yields will rise with a doubling of CO,
levels.

TABLE I Projected impact of climate change on crop yields in the United
States by crop and climate model

Climate Percent changes
Corn Corn Soybeans Winter wheat
(dry) (irrigated) (dry) (dry)
GISS® -23.7 —24.2 -34.6 -16.0
GFDL' —54.7 —28.5 —59.7 -30.9

Source: Peart ez al. (1990); Ritchie et al. (1990); Rosenzweig (1990).

4 GISS is the Goddard Institute for Space Studies, National Aeronautics and
Space Administration.

b GFDL is the Geophysical Fluid Dynamics Laboratory, National Oceanic and
Atmospheric Administration.

TABLE IIT: Projected impact of climatic change on wheat and spelt®
yields in EC countries using empirical/statistical model®

Country BMO*® model GISS model
(percentages of 1975-79 average yields)
Denmark +18.7 +1.1
Netherlands +1.2 +0.3
Luxembourg +7.8 +6.1
Belgium —-9.5 -6.8
France -9.6 —12.3
FRG. -1.1 -8.6
Italy -0.8 -1.2

Source: Santer (1985).

4 Spelt is a cereal intermediate between wheat and rye.

b ‘HANUS’ country model developed for the Economic Community.
¢ BMO is a GCM developed at the British Meteorological Office.
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Santer found modest positive effects on crop yields in northern areas in Europe,
and modest negative effects in southern European areas. Parry and others exam-
ined the effect of climate variation on agriculture in semi-arid regions in Ecuador,
Brazil, Kenya, India, Australia, and the USSR, and northern latitude agriculture in
Canada, sub-Arctic USSR, Finland, Japan, and Iceland. In general, the effects of
predicted climate change were positive on northern latitude agriculture where pro-
duction is currently limited by short growing seasons and cool temperatures. In Ice-
land, yields of hay were estimated to increase by 64%. In Finland, barley yields
were estimated to increase 9 to 14% in the south. Spring wheat and oat yields were
estimated to increase by 10 to 20, and 13 to 18%, respectively. In the northern
regions of the USSR examined in the study, rye yields and spring wheat were esti-
mated to decrease by 13 and 3% due to excessive soil moisture.

In the semi-arid regions examined by Parry and others, estimates for a doubling
of CO, were made for wheat in Canada, the USSR, and Australia. Both the USSR
and Australia showed increased yields due largely to the predicted increase in
precipitation. Canada, however, showed decreased yields of spring wheat of 18%
due to the adverse effects of increased temperature and reduced soil moisture.

The USEPA study compared the agricultural effects of predicted climate change
under effective CO, doubling based on two different climate model forecasts. Both
the Goddard Institute for Space Studies (GISS) and Geophysical Fluid Dynamics
Laboratory (GFDL) climate models predict warming and drying for most agri-
cultural areas of the United States. The GFDL model predicts more severe warm-
ing and drying with heightened effects during the summer growing season. Yield
declines in the range of 16 to 35% are reported under the GISS climate prediction,
and yield declines in the range of 25 to 60% are found under the GFDL climate
predictions.

Other Considerations

In addition to temperature and precipitation changes, climate change may also
impact agriculture through greater competition from weeds, increased plant and
animal disease, changes in soil nutrients and pests, and increased conflicts for avail-
able water. While these damaging effects are probably controllable, we are far from
concluding what they may do to the cost of agricultural production and how they
will affect agricultural resources and the environment.

They are, however, probably less important than the impact that increased
carbon in the atmosphere may have on plant growth. A carbon enriched atmos-
phere, like that under doubled CO, concentrations, is widely believed to promote
plant growth and also lead to increased efficiency in water use. This positive
influence of climate change on plant growth is termed the CO, fertilization effect.
To date, there are no reliable estimates of its precise magnitude; existing ‘chamber’
studies of plant growth test separately for the effects of controlled climatic condi-
tions and varying levels of carbon in the atmosphere.
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Despite the limits of scientific knowledge, some crop response studies have
attempted to take into account both altered climatic conditions, and the direct
effect of climate change on plant growth. Their analyses suggest that the increase in
yields from enhanced carbon levels could be significant. Parry er al. (1988) found
that in sub-Arctic regions of the USSR, inclusion of the CO, fertilization effect
increased yields 17%. The USEPA (1990) study found that inclusion of the positive
effects of CO, on plant growth generally balanced yield reductions in the GFDL
scenarios?, and resulted in modest to large increases under the GISS scenario.
Finally, a recent study conducted by the National Climate Program Office (NCPO,
1989) concluded that, under the assumption that no other factors are limiting, the
fertilization effect from an effective doubling of carbon dioxide concentration,
could be expected to enhance crop yields by about 15%. Beyond this point, or with
carbon dioxide levels in excess of 600 ppm, most of the benefits of the direct effect
on plant growth are exbausted.

The Effects of Climate Change on World Agriculture
The Model Structure

The GCM climate models and crop response studies serve as the basis for our
analysis of the economic effects of climate change on agriculture. Their suggested
crop effects are introduced into a world food model ~ the Static World Policy
Simulation (SWOPSIM) modeling framework. SWOPSIM describes world agri-
cultural markets through a system of domestic supply and demand equations that
are specified by matrices of variables that describe the responsiveness of the quan-
tity of agricultural commodities supplied and demanded to changes in commodity
prices (i.e., own and cross price elasticities). It is a primary tool for policy analysis
of international agricultural markets, developed by the Economic Research Ser-
vice, United States Department of Agriculture. Descriptions of the SWOPSIM
model can be found in Krissoff er al. (1990), Roningen (1986), and Roningen and
Dixit (1989).

SWOPSIM has the desirable feature of encompassing all regtons of the world at
a considerable degree of commodity disaggregation. The model contains 20 agri-
cultural commodities, including eight crop, four meat/livestock, four dairy product,
two protein meal, and two oil product categories. SWOPSIM is flexible enough to
allow separate identification of up to 36 countries/regions of the world. For the
purposes of this study we decomposed the world into 13 countries/regions in-
cluding the United States, Canada, the European Community (EC), Australia,
Argentina, Pakistan, Thailand, China, Brazil, the USSR, other Europe (Sweden,
Finland, Norway, Austria, and Switzerland), and Japan. All other countries are

4 With the exception of the southeast, where even with CO, fertilization, yield declines were generally
in the range of 20 to 80% for soybeans.
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grouped together. This level of disaggregation covers the major agricultural im-
porting and exporting regions of the world and several areas projected to be among
the most strongly affected by climate change.

The models’s structure is straightforward.’ For each country/region i and com-
modity j (or k) in the model, a demand and supply function is specified:

D, =D,(CP;, CP,)
S; =S,(PP,, PP,)
where CP,; and PP; are domestic prices facing consumers and producers of com-
modity j. CP,, is the cross-product consumer price for commodity k (that is, the
consumer price of other commodities that affect the demand for f); PP is the price
of an intermediate input to product j, and/or the price of another product that
affects the price of commodity j. Trade is the difference between domestic supply
and demand:

T;=S;—Dj.
Domestic prices depend on the level of consumer and producer support wedges
(CSW;; and PSW) and world prices denominated in local currency:

CP, =CSW, + F(E, * WP)),
PP, =PSW, + G(E, * WP)),

where CSW; and PSW,; are measures of the level of government support in each
country, as measured by Producer and Consumer Subsidy Equivalents (PSEs/
CSEs).

The PSE/CSE is a broader measure of policy support than the nominal rate of
protection (see Webb e al, 1990). Tt includes direct income payment, input,
marketing, and structural assistance as well as market price support. E; is the
exchange rate defined as local currency (i) dollar and WP, is the world price of
commodity j.

World markets clear when net trade of a commodity across all countries is equal
to 0. For commodity j, this occurs when world supply of a commodity equals its
world demand:

> T,=> S;,— » D,;=0
i-1 i=1 i
The commodity supply and demand equations are parameterized to reproduce
1986 base period data for each countries’ supply, demand, prices, and trade. The
data set is published in Sullivan ez al. (1989). When a change is introduced to the
model, world trade, production, consumption, and prices, are rebalanced. The

5 This description follows Krissof et al. (1990).
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pattern of prices and quantities observed in the base period is then compared to the
pattern that emerges from the model.

Replication of base period data is not, in itself, evidence that the model is valid.
Rather, validity is determined by the reasonableness of the properties of the model.
An important property of considerable interest is the measure of producer and
consumer response to price changes. In an assessment of the validity of the
SWOPSIM model, Roningen and Dixit (1989) find that the parameters used in the
model to estimate these responses (the aggregate supply and demand elasticities)
are consistent with the literature, including the models used in OECD (1987) and
Parikh er al. (1988). The responsiveness of commodity trade to changes in prices is
also derived. This is the partial net trade elasticity. They tested this responsiveness
for the United States largely because of the availability of such information for
comparative purposes. Again, they found that the net trade elasticities compare
favorably with the empirical estimate provided by the literature.

The SWOPSIM modeling framework has some desirable characteristics for our
purposes. Among these is its ability to estimate the welfare effects of agricultural
production disturbances. In contrast, most empirical models of agriculture ignore
traditional welfare and resource efficiency measures (some widely used agricultural
models in this category include FAPSIM (Gadson et al, 1982), WHEATSIM
(Holland and Sharples, 1981), FAPRI (Meyers et al., 1986), and POLYSIM (Ray
and Richardson, 1978)). Welfare effects are measured by the change in consumer
and producer surplus. Consumer and producer surplus are commonly used empiri-
cal measures of how much better, or worse off, consumers or producers are when
commodity prices are altered. Consumer surplus is defined as the area under the
demand curve and above the price line. It represents a willingness to pay beyond
what is actually paid. Producer surplus is defined as the area below the price line
and above the supply curve. It measures the excess of gross receipts over total
variable costs.®

SWOPSIM also has some limitations that should be noted. First, it is a partial-
equilibrium model and does not capture agricultural interactions with other eco-
nomic sectors. However, we do not believe that this is a serious limitation. In indus-
trialized and semi-industrialized countries, agricultural production is only a small
part of total output and therefore has relatively little effect on resource allocations

¢ SWOPSIM uses Marshallian measures of economic surplus. Marshallian measures do not take
account of income effects associated with price changes. In a multimarket framework, the Marshallian
measure can be considered a true measure of welfare change if it is assumed that consumer preferences
are identical, that there are no income changes, and that goods are consumed in the same ratio at the
same relative prices regardless of income level. The mass of empirical evidence suggests that these are
not realistic assumptions. Nevertheless, Marshallian measures remain popular empirical tools because
they are easily estimated. Haley and Dixit (1988) show that the Marshallian welfare measure is well
suited for use in the SWOPSIM modeling framework. We would argue that it provides a reasonable
estimate of the true change in economic welfare. Willig’s (1976) theorem shows that even without
exactly satisfying the above conditions, Marshallian consumer surplus provides a very close approxi-
mation of the true changes in welfare.
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in other sectors. Moreover, in a general equilibrium study of climate change in the
United States, Kokoski and Smith (1987) show that the welfare effects of fairly
large, single-sector impacts, can be adequately measured in a partial-equilibrium
setting.

Second, the SWOPSIM modeling framework does not explicitly incorporate
resource inputs. Rather, the model implicitly assumes that uses of resource
supplies, including arable land, will be appropriately altered to fulfill new demand
and supply conditions following a shock to the base system. It would be useful to
have resource inputs in the model in order to exogenously change them and to
ensure that, for large shocks to the system, constraints on resources (especially
cultivated area) are not binding.

Two Scenarios

The SWOPSIM modeling framework does not include explicit climate variables.
Climate changes are introduced as exogenous increases or decreases in base yields
for specific countries/regions. Once entered into SWOPSIM, the model then solves
for a new set of consumption, production, and price relationships. Two alternative
climate change scenarios, termed ‘A’ and ‘B, are specified (see Table IV and V).
They should not be viewed as ‘upper’ and ‘lower’ bounds to potential outcomes,
but rather as outcomes that illustrate the range of possibilities (of a doubling of
CO, levels) suggested by the existing literature. Scenario A reflects moderate
impacts and Scenario B reflects very adverse impacts. The scenarios were used in
some of the preliminary research undertaken by the IPCC Working Group 2 on
Impacts (see Parry 1990). Scenario A yield effects are close to the estimates

TABLE IV: Yield effects, scenario A

Countries/regions % change in yield
Wheat Corn Soybean Rice Other?

United States -10 —-15 =15 —-10
Canada -135 +5 +5 -10
European Community -10 -5
Other Europe +15 +30 +10
Japan =5 +15 +10 +5
Australia +10 +10 +10 +15 +10
China +10 +10 +10 +10 +10
USSR +10 +15 +15 +10
Brazil No change

Argentina No change

Pakistan No change

Thailand No change

Rest of the World No change

2 QOther coarse grains, groundnuts, cotton, sugar, tobacco.
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TABLE V: Yield effects, scenario B

Countries/regions % change in yield

Wheat Corn Soybean Rice Other®
United States —20 —40 —40 -15 —20
Canada —20 =5 -5 —-20
European Community —15 -10 —-10 —10
Other Europe +10 +15 +10
Japan -5 -5
Australia —15 —-10 =10 -10
China -15 -15 —15 -15 -15
USSR. -15 -10 -10 -20 -15
Brazil No change
Argentina No change
Pakistan No change
Thailand No change
Rest of the World -10 -10 -10 —-10 10

2 Other coarse grains, groundnuts, cotton, sugar, tobacco.

provided by Parry ez al. (1988) and Santer (1985). We have not assumed any CO,
fertilization effects. Farmer responses to climate change are also not included. For
these reasons, the assumed yield changes are more likely to overstate than under-
state the actual changes.

Price and Income Effects

The estimated price effects of these crop yield changes generated by SWOPSIM
are presented in Table VI. Under scenario A, compared to the base, there is a pre-
dicted small decline in the price of primary products, and a small increase in the
price of secondary products. This result is not surprising since most corn and soy-
bean production occurs in countries located in regions of the world that are ex-
pected to be adversely affected by climate change. Of the secondary agricultural
products, oil and meal prices increase by the highest percentage, reflecting their
dependence on soybeans and other oilseed intermediate inputs.

In contrast, scenario B predicts large increases in the world price of primary and
secondary agricultural products — 41 and 37% respectively. These large price
increases are directly related to the much more pessimistic yield effects, particular-
ly in those countries that are the most important producers. In corn and soybeans,
the change in U.S. yields from base is —15% in scenario A, and —40% in scenario B.
Because the United States accounted for 43 and 56% of world corn and soybean
production in 1986 (measured in total tonnage; USDA 1989), such a large change
in yield effects can be expected to have a considerable effect on world agricultural
prices. Similarly, the largest producer of rice is China (36.6% of world production).
The change in Chinese yields from base is +15 and —15% in scenarios A and B,
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TABLE VI Price effects (% change in prices, by commodity)

Primary products Scenario Secondary products Scenario

A B A B

Grains and oilseeds

Wheat -0.9 50 Beef 04 23
Corn 9.2 75 Pork 0.6 48
Oth. coarse gr. -1.2 50 Mutton, lamb 0.7 29
Rice -8.1 36 Poultry 0.0 31
Soybean 10.6 79 Soymeal 4.9 50
Other oilseeds -28 52 Soyoil 4.4 67
Other primary commodities Dairy
Cotton -4.5 40 Milk 0.0 0
Sugar -15 17 Eggs 0.6 28
Tobacco -53 36 Butter 0.2 50
Cheese 0.1 45
Milk powder 0.2 51
Composite Price Change, Composite Price Change,
Primary products: —-4.0 41 Secondary products: +1.0 37

respectively. The largest producers of wheat are the USSR, China, and the United
States. They accounted for 17.2, 16.7, and 10.6% of 1986 world production. The
change in their wheat yields from base is +10 to —15 for the USSR and China, and
—10 to —20 for the United States.

Table VII presents the complete breakdown of estimated changes in consumer
and producer surplus for scenario B, as well as the change in taxpayer costs (‘other
surplus’) when there are distortions in agricultural markets from government inter-
vention. For scenario A, only the net welfare change is presented.

The results in Table VIl illustrate two interesting features regarding the impact of
climate change on agriculture. First, even under the assumption of relatively large
and negative domestic yield effects, the economic impacts on national economies
are estimated to be small, with some winners and some losers. The net world wel-
fare effect is negative but very modest even under the more pessimistic scenario B;
it is estimated to be 0.47% of 1986 world gross domestic product (GDP). Aside
from China, no country/region is predicted to experience welfare losses greater
then one percent of GDP. The relatively small macro-economic impact of climate
change on domestic economies is related to the fact that agriculture accounts for
only a small percent of GDP in most economies (3 percent in industrial market
economies, and 19% in developing economies in 1986; World Bank, 1988).

Second, the pattern of welfare effects among countries depends not only on
domestic yield changes, but also on changes in world commodity prices, and the
relative strength of the country as a net agricultural importer or exporter. Consider
scenario B. Aside from ‘other Europe’, all countries/regions are predicted to ex-
perience negative yield effects from climate change. However, in every case the

Climatic Change May 1992



Economic Effects of Climatic Change on World Agriculture 31

TABLE VII: Welfare effects of climate change scenarios

Scenario A

Net welfare change % of 1986 GDP

(mill. $1986)
uUs 194 0.005
Canada —-167 —0.047
European Community —673 —0.019
Other Europe =51 —0.010
Japan -1209 -0.062
Australia 66 0.038
USSR 658 0.032
China 2882 1.280
Brazil —47 -0.017
Argentina 95 0.120
Pakistan =50 -0.153
Thailand -33 —0.081
Rest of the world —67 —0.002
World 1509 0.01

Scenario B

Producer Consumer Other Net welfare % of

surplus (A)  surplus (B)  surplus (C)  change 1986 GDP

(A+B—-0C)
Millions 1986 dollars

Us 19212 -39990 ~6464 —13027 -0.31
Canada 4167 —5450 —-464 —738 -0.21
European Community 24270 —39162 -1214 ~13677 -0.40
Other Europe 3848 —2550 1822 ~524 -0.10
Japan 4022 -9773 —333 -5614 -0.29
Australia 1971 -1913 -14 75 0.04
USSR 29198 —47377 ~7426 ~10753 -0.52
China 27500 —39874 0 -12374 —5.48
Brazil 9697 -8574 522 602 0.22
Argentina 5159 —3372 —-437 2223 2.82
Pakistan 2250 -2020 =313 528 1.63
Thailand 1596 ~-1076 29 490 1.22
Rest of the world 63835 —-86349 0 —22513 -0.84
World 196725 —287480 ~14292 =75302 -0.47

change in producer surplus is positive. This is due to the fact that reduced domestic
yields from climate change increase international agricultural prices, and higher
producer prices increase producer surplus. In contrast, with demand curves
unchanged, the same price effect reduces consumer surplus.

The importance of induced price changes in promoting interregional adjust-
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ments in production and consumption can be illustrated by comparing the SWOP-
SIM results with other models that consider the climate change effects on a single
country. Adams et al. (1988) examine the economic impact of climate change on
U.S. agriculture using the GISS and GFDL climate models. They find net welfare
reductions for the United States under the two scenarios to be about §7 and $34
billion (S 1982) respectively. Referring back to Table I, IV, and V, we notice that the
EPA (1990) crop yield effects in the United States under the GISS and GFDL
climate models roughly resemble our U.S. yield changes specified in scenario A and
B. However, we find that the welfare changes for the United States are +S0.2 and
—S$13 billion (1986S) for scenario A and B, respectively. These values are consider-
ably smaller than the Adams et al. predictions. We interpret the differences as an
indication of the role of international price changes in promoting interregional
adjustments in production and consumption.’

The net welfare effect of climate change on domestic economies depends criti-
cally on a country’s net trade position. The producer surplus gain will be large rela-
tive to the consumer surplus loss if the country is a large net exporter. For example,
although Australia is predicted to experience significant yield losses under scenario
B, the net consumer plus producer surplus effect is positive. In this case, because
Australia is a very large net exporter, the rise in world agricultural prices generates

Price Price
i 'y
Sy
S
Sy
P
bl A B S A B C
° r D Demand
Demand
Quantity Quantity
Panel 1 Panel 2
Large net exporter Large net importer

Fig. 2. The effects of climate change on welfare.

7 We also note that comparisons between models are limited by the fact that the structure and eco-
nomic properties of alternative models are likely to be significantly different.
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a large increase in producer surplus that dominates the yield decline losses, and the
loss in consumer surplus associated with a higher price of agricultural commodi-
ties. In contrast, Japan is a large net importer with losses in consumer surplus very
large relative to producer surplus gains.

These two possibilities are shown diagrammatically in Figure 2. Consistent with
scenario B results, we assume that equilibrium world agricultural prices rise (from
P, to P,) and domestic agricultural yields fall, shifting aggregate supply curves
(from S, to S;). Panel 1 represents the case of a large net exporter (at world prices,
quantity supplied is greater than quantity demanded). The loss in consumer surplus
is given by the area ‘A’ — the area under the demand curve between the old and new
price. The gain in producer surplus is given by (A + B) — (E + F) — the area above
the old supply curve between the old and new price, less the area under the old
price that is lost when the supply curve shifts inward. Straightforward algebra tells
us that if area ‘B’ is greater than the area (E + F), there is a net gain in consumer
plus producer surplus. Panel 2 represents the case of a large net importer. The loss
in consumer surplus is given by the area (A + B + C). The gain in producer surplus
is given by (A — E). Thus, if (B + C) is greater than ‘E’, there is a net loss in con-
sumer plus producer surplus.

Concluding Comments

Climate change is a severe test of our economic modeling capability. Imperfect
knowledge about long-term climate changes, physical crop growth changes, and
changes in critical economic conditions, make empirical economic estimations of
the agricultural impacts of climate change informed speculation at best.

Our world agricultural model is static in the sense that it does not assume any
farm responses to changing climatic conditions, and does not introduce changes in
technology, population, or other growth conditions. Thus, the empirical results pro-
vide a ‘snapshot’ of the economic effects that a doubling of CO, levels might have
on world agriculture, given present agricultural technologies, structure of produc-
tion, and demand conditions. They should not be interpreted as accurate represen-
tations of the agricultural consequences of climate change on specific economies.
Rather, they highlight general directions and the order of magnitude of change, as
well as demonstrating some straightforward, but important economic principles.

Future empirical applications of the model could be aimed at uncovering the
implications of other economic changes to the system. We do not suggest that
credible growth predictions can be made. But, as Sonka and Lamb (1987) observe,
sensitivity analysis would be useful to better understand the interrelations of a
changing climate with a dynamic economic system.

Although climate change presents researchers with a very difficult modeling
problem, we feel that impact assessments such as this are useful inputs in policy-
making when used carefully. In particular, a central argument to our analysis is that
the evaluation of climate change winners and losers cannot be made on the basis of
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domestic yield effects alone. The impacts of climate change on agriculture must be
analyzed globally, taking account of regional differences in the impacts, and the
role of price changes in promoting interregional adjustments in production and
consumption. Thus, policymakers’ perception of the structure of incentives to
reduce greenhouse gas emissions should not be based solely on predicted national
agricultural production changes, but rather on how these yield effects alter global
agricultural markets, and consequently, domestic producer and consumer welfare.
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