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One feature that is common to nearly all agricultural systems
is their sensitivity to variations in climate. At present, however, our understanding of the effects of climate on agricultural productivity is rather poor. Our ignorance is more evident still when we turn to examine the economic and social
impacts of productivity changes on the agricultural system
and beyond. So, while meteorologists are working hard to
improve our ability to forecast how climate may change in
the future, we are not yet in a position to evaluate the impacts
of such changes were they to occur. Recent work based at the
International Institute for Applied Systems Analysis (IIASA)
in Austria and cosponsored by the United Nations Environment Programme as part of the World Climate Impact Studies Programme has sought to tackle these questions by testing a particular approach to climate-impact assessment
through a series of case studies.
The two-year project is built around a core team of three
scientists working at IIASA, co-ordinating a network of
over 70 collaborators in 13 regions around the world. The
project has two major goals: 1) to evaluate the vulnerability
of food grains and livestock production to short-term climatic variability and to possible long-term climatic change;
2) to assess the range of appropriate responses and adjustments that are required to mitigate (or to exploit) the impacts
of climate on agriculture. The work is founded on the premise that whilst we cannot yet predict with confidence how the
climate may change in the future, we are in a position to examine the probable consequences for a variety of credible future scenarios. Its focus is on "climate-sensitive" areas, deriving from the assumption that the impacts of climatic
change may be readily observable in areas where crops are
cultivated close to their physiological tolerance limits. In
these areas, agricultural productivity can display a high sensitivity to interannual variability in climate.
Case studies have been selected from two broad types of
climate-sensitive regions: 1) high-latitude, cold regions (collaborative studies in Saskatchewan [Canada], Finland, Iceland, Japan, and in the Cherdyn' and Leningrad regions
[northern European Soviet Union]); and 2) semi-arid regions
(in the wheat belt of southeastern Australia, northeast Brazil,
the dry paramos in Ecuador, central India, Kenya, and in the
Saratov and Stavropol' regions [southern European Soviet
Union]). In each of these zones the research issues are quite
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different. On the one hand, short-term fluctuations in climate, particularly drought, may cause major system disruption and are of significant concern in semi-arid regions, forming a central theme in the studies. Alternatively, in the more
economically developed regions in high latitudes, agriculture
is more effectively buffered against impacts from such shortterm variations. In these regions consideration of C02-induced climatic change has been a prominent feature, fueled
by model projections of pronounced C0 2 -induced warming
effects in the higher latitudes.
The analytical approach that has been tested in each of
these regions utilizes a hierarchy of three types of models
(Fig. 1). At the top of the hierarchy are scenarios describing
possible future climatic conditions. These can be constructed: 1) using outputs from physically based climate
models (such as atmospheric general circulation models) that
can simulate the response of global climate to various forcing
factors, including doubled atmospheric CO2 concentrations;
2) by creating a synthetic set of climatic data, either through
stochastic procedures or through arbitrary adjustments to
observed data that can be of use in testing the sensitivity of
impact models (see below); or 3) by employing data from instrumental climatic records, selecting climatic anomalies
that have occurred in the past to represent events that presumably could occur in the future.
The climatic data are used as inputs to agroclimatic
models which evaluate the effects of specified climatic conditions on crop yield. These range from simple statistical
models that describe (but do not explain) the relationship between crop yield and climate over a number of years in the
recent past, to detailed simulation models that incorporate,
through a set of interrelated expressions, those mechanisms
and interactions that are important for plant development
and yield.
To trace the "downstream" effects of yield changes, these
are converted to aggregate production figures and used as

FIG. 1. A hierarchy of models for the assessment of climate impacts
and the evaluation of policy responses in the I I A S A / U N E P Climate Impacts Project.
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inputs to economic models (for example, farm simulations
indicating changes in farm incomes, and regional input-output models evaluating multisectoral impacts on the economy). As a further step, regional optimization models can be
utilized to examine optimum management strategies for minimizing expenditure while maintaining productivity levels
under a range of climatic conditions.
Models from all three tiers of the hierarchy are available
only in a few case-study regions. In other regions we can expect to simulate only the impacts on potential crop yield.
However, the other aspects can still be described qualitatively, and the implications considered on the basis of
judgement and experience. For this reason, each case-study
team includes experts on the various components of the hierarchy (a climatologist, an agronomist, a farm economist, and
an agricultural planner).
Within each case-study region, experiments were conducted for several different climatic scenarios. These included three scenarios that were common to all studies in
each regional classification. In high-latitude regions these
are: l)an extreme weather-decade or period of weather-years
taken from the instrumental record; 2) a single anomalous
weather-year, also from historical instrumental data* and 3)
the climate simulated by an atmospheric general circulation
model (GCM) for doubled concentrations of atmospheric

co2.
In semi-arid regions the scenarios reflect short-term priorities: 1) a single recorded extreme year; 2) a "back-to-back"
event (consecutive extremes), and 3) the l-in-10 drought
event (a possible "design" scenario for planning purposes).
As an example, in northern Japan, where rice cultivation is
constrained by low temperatures and radiation conditions,
collaborating scientists have experimented with variants of
the scenarios outlined above for the high-latitude regions.
Impacts of the recurrence of a cool-summer year such as
1980, "good" and "bad" decades such as 1957-66 and
1974-83, respectively, and a GCM-generated 2 X C 0 2 climate have been investigated. Results include estimates of the
thermal and moisture resources, biomass potential (using a
global vegetation model), altitudinal and latitudinal limits to
rice cultivation, and rice yields (using three different cropweather models). By re-expressing changes in yield in terms

of regional production changes, and aggregating over the
whole of Japan, the economic impacts of particular climatic
scenarios have been evaluated using a national econometric
rice model that simulates the impacts of a change in production on supply-and-demand relationships, on prices, on
trade, and on national rice stocks.
Before the main project began, a pilot survey was performed for selected "cold" regions (including Alberta [Canada] and Iceland) to assess possible impacts on agriculture
and ecosystems of CCMnduced climatic change. The results
were presented at a WMO/UNEP/ICSU meeting at Villach,
Austria in September 1983 (WMO/UNEP/ICSU, 1984). The
results are available as a four-page short summary (Parry
and Carter, 1984a), a 42-page IIASA Summary Report
(Parry and Carter, 1984b) and as a full collection of papers in
Climatic Change which is reprinted as an IIASA Research
Report (Parry, 1985). In 1986 results from the main project
will be published in two voliihies (Parry eftf/. , 1986). Work in
the high-latitude areas is now complete and papers are being
prepared for publication. Results of the studies in semi-arid
regions were presented at an IIASA Task Force meeting in
April 1985 and are currently being reviewed.
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