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RESUMO

Utilizando-se os cenários climáticos gerados pelos modelos de equilíbrio atmosférico GISS,

GFDL e UKMO, e os modelos de simulação CERES e SOYGRO, simulou-se o impacto do efeito estufa

sobre a produção nacional de trigo, milho e soja, com base em dados climáticos diários de 13 locais (1951-

1980). Todos os modelos GCMs projetam aumentos de temperatura, algumas mudanças de precipitação e

menores efeitos na radiação solar. Em decorrência da elevação de temperatura, são projetados

encurtamentos no ciclo e na produção de trigo e milho, sendo a soja menos afetada devido ao efeito

benéfico da maior concentração de CO2. Foram projetadas diminuições nas produções nacionais de trigo e

milho de cerca 1.2 e 3.5 milhões ton, respectivamente, e aumentos de 2.8 milhões ton na produção

nacional de soja. As regiões nordeste e central foram detectadas como mais vulneráveis ao efeito estufa, a

primeira em relação a produção de milho e soja e a segunda em relação à produção de trigo. Novas

cultivares e ajustamentos em práticas de manejo associadas à irrigação e fertilização nitrogenada podem

compensar o efeito das modificações climáticas.
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ABSTRACT

Wheat, maize and soybean production was simulated with CERES and SOYGRO crop growth

models for 13 sites in Brazil, under climate change scenarios generated by GISS, GFDL and UKMO

GCMs. Historical climate data were used as base scenarios, run with 330 and 555 ppm CO2. All GCMs

projected increases in temperature, some changes in precipitation and less effect in solar radiation. Global

warming would reduce wheat and maize season length and yields, soybean being less affected due to CO2

effect. National grain supply was projected to reduce near 1.2 and 3.5 million tons for wheat and maize,

and to increase in 2.8 million tons for soybean. Vulnerable regions were detected, the Northeast for maize

and soybean and the Central region for wheat. New cultivars and better crop management, associated to

irrigation and nitrogen fertilization, could compensate for some climate changes.

Key words: greenhouse gases, global warming, agriculture, wheat, maize, soybean and

simulation.

INTRODUCTION

The rising concentration of greenhouse gasses in the atmosphere may lead to increased global

temperature (INTERGOVERNMENTAL... 1990). The study of the possible impacts of climate change on

ecosystems and agriculture, is a relatively new area of research  (SMITH & TIRPAK, 1989a; 1989b;

1989c). Potential impacts of global climate change in some regional agricultural systems, have been 

evaluated (GROTCH, 1987; RAMANATHAN, 1988; SCHLESINGER & MITCHEL, 1987;

SCHLESINGER, 1988). Some studies in the US have used simulation crop growth models and climate

change scenarios generated from General Circulation Models (GCMs),  to analyse the possible impacts of

global warming on selected crops (ROSENZWEIG, 1989a; 1989b; 1990; RITCHIE et al, 1989; CURRY et

al, 1990). In Brazil, very few studies have been conducted in this area; some results have been presented

by MOTA et al (1984) using statistical models.

In this study we analyze the possible impact of global climate change on wheat, maize and

soybean production in Brazil using crop growth simulation models and climate change scenarios created

with GCMs. These crops are, along with rice, the major crops in Brazil, covering around 25 million Has of

cultivated land. In addition, this study analyzes possible adaptation strategies to minimize the impact of

climate change on crop production.



METHODOLOGY

AGROECOLOGIC REGIONS AND SITES

Thirteen sites were selected for this study (Table 1). The location of the sites varies from 31 South

to close to the equatorial line. The sites were selected based on previous agroclimatic studies (MOTA,

1989; MOTA & AGENDES, 1986; ALFONSI et al, 1981; QUEIROZ et al, 1979; MALUF et al, 1986). Nine

sites are located in the most important agricultural regions: South and Central South; almost 99% of the

wheat national production and more than 80% of the maize and soybean production are concentrated in

these regions. The other sites were selected according to the availability of weather data to represent as

much as possible other agroecologic zones. 

CROP GROWTH SIMULATION MODELS

Crop growth models developed by IBSNAT (JONES et al, 1990) were selected for this simulation

study: CERES-Wheat version 2.10 (GODWIN et al, 1989; RITCHIE & OTHER, 1985), CERES-Maize

(JONES & KINIRY, 1986; RITCHIE et al, 1989) and SOYGRO-Soybean (JONES et al, 1988).  The

IBSNAT crop models simulate plant development and growth, as they integrate soil, plant, climate (daily

max and min temperature, precipitation and solar radiation) and management factors

(INTERNATIONAL... 1986; 1988). Strategy analysis are included in the Decision Support System

(DSSAT) used in this work to integrate the annual simulations set for each aggregate input data and site,

and to support decison under uncertainty (INTERNATIONAL... 1989). The IBSNAT crop models include

an option to simulate the direct physiological effects of CO2 atmospheric concentrations on plant

photosynthesis and water use, based on experimental results (ROSE, 1989; CURRY et al, 1990; ALLEN,

1990). The photosynthetic enhancement at 555 ppm CO2 used for wheat is 1.17, for soybean 1.21 and for

maize 1.06.



SOILS

Soils were chosen to best represent the local soils of the sites selected. Soil data were obtained

from regional soil survey studies (BRASIL, 1971; 1973; LARACH et al, 1984; OLIVEIRA et al, 1984;

MOTHEI et al, 1979; SANTOS et al, 1983). The soil profile for Passo Fundo (calibration site) was

generated with local data (see Table 2 for the representation of this soil with all data required by the

simulation models).

BASELINE CLIMATE

The base climate is represented by the historical data available for each site during 1951-1980

(Table 1) and include daily maximum and minimum temperatures, precipitation and hours of sunshine.

Daily solar radiation data were calculated using hours of sunshine and the results were compared to actual

data when available.

Vacaria shows the lowest mean temperatures and has a significant seasonal temperature variation

(see average data in Table 3). In contrast, Belém shows the highest temperatures with the smallest variation

during the year.  A broad variation in precipitation is observed among the sites: the highest precipitation

occurs in the northern sites and the lowest in the Northeast. There is quite a variation in seasonal

precipitation in some central sites, where the lowest monthly rainfall occurs during the winter

(May-September). Solar radiation seasonal differences are observed more in the southern sites.

CROP MANAGEMENT

The cultivars, plant population, and planting date used as input for the crop growth models

(INTERNATIONAL... 1986, 1988) are indicated in Table 4; the information was obtained from published

crop management reports (QUEIROZ et al, 1979; MIYASAKA & MEDINA, 1981; VERNETTI, 1983;

REUNIÃO, 1988a, 1988b, 1988c, 1989).

Although there are water deficits in some regions, practically all maize and soybean are cultivated

without irrigation. For wheat irrigation is recommended in some regions, including  Campinas, Campo

Grande, and Sete Lagoas. In Campo Grande, wheat could be dryland, if planted at a different time. 



CALIBRATION AND VALIDATION OF THE CROP MODELS

CERES-Wheat

The local wheat cultivar BR 14  was chosen for most dryland sites and its genetic coefficients

were determined using experimental field data. The cultivar Anza, with the original genetic coefficients

included in the DSSAT data base, was selected for the irrigation sites. The model was validated in Passo

Fundo with data from several field experiments with a satisfactory agreement between observed and

estimated grain yields (SIQUEIRA, 1991). In Brazil the CERES model has also been validated for wheat in

São Paulo, South region (ANUNCIAÇÃO & LIU, 1991).

CERES-Maize

The genetic coefficients for the local cultivar used on the South and Central-South regions (PIO

3230) were determined by running the crop model comparing data from a field experiment conducted by



MATZENAUER et al (1988) in Taquari, involving irrigation, nitrogen and population levels. Satisfatory

agreement was found between observed and simulated yield data (data not published). For the other

regions, cultivar Suwan 1, with the original genetic coefficients included in the DSSAT data base, was

used, since the simulated results were in agreement with regional observed crop parameters.

SOYGRO-Soybean

The genetic coefficients of the cultivar Davis were calibrated using data from a field experiment

conducted in Passo Fundo in 1989 and the model was validated with data from several field experiments

(SIQUEIRA & BERG, 1991). For the sites in the Northeast and the North regions, the cultivars Viçoja and

Júpiter were used, with the original genetic coefficients included in the DSSAT data base.  In Belém,

simulated and observed yields and anthesis dates showed a close relationship.

CLIMATE CHANGE SCENARIOS

Sensitivity scenarios



To analyze the sensitivity of the crop models to temperature, precipitation and CO2 levels,

sensitivity scenarios were created combining step changes in the climate variables (0, +2, +4 C temperature

changes combined with 0, +20%, -20% precipitation changes). The physiological effects of 555 ppm CO2

were also considered for each scenario.

General Circulation models

This study used climate change scenarios generated by three equilibrium General Circulation

Models (GCMs): Goddard Institute for Space Studies - GISS (HANSEN et al, 1983), Geophysical Fluid 

Dynamics Laboratory - GFDL (MANABE & WETHERALD, 1987) and United  Kingdom Meteorological

Office - UKMO (WILSON & MITCHELL, 1987). These GCMs are three dimensional models which

incorporate physical knowledge of the processes involved in the transfer of the energy among earth,

oceans and atmosphere.

The climate change scenarios for each site were created by applying the changes between the

1xCO2 (330 ppm CO2) and 2xCO2 (555 ppm CO2) monthly GCM simulated variables to the corresponding

daily baseline climate variables.

GISS Transient scenarios

The GISS Transient scenarios were also used in this study, to assess the effect of gradual changes

on climate for the years 2010s, 2030s and 2050s on crop production (HANSEN et al, 1988). The

atmospheric CO2 concentrations considered were 405 ppm, 460 ppm and 530 ppm, for the years 2010,

2030 and 2050 respectively.

RESULTS AND DISCUSSION

GCM PROJECTIONS OF THE CLIMATE CHANGES

The seasonal temperature changes projected with the GCM scenarios for the agroecological

regions are presented in Figure 1. The projections for the South and the Central-South crop producing

regions for wheat and for soybean/maize are similar, the last one being represented in Figure 1. The largest

increases in temperature correspond in general to the UKMO scenario. The sites included in the

Central-South region show the largest temperature changes during March to November, that is the growing

period of wheat. The sites in the Northeast, UKMO projects higher temperatures in the winter (June to

August).

The seasonal precipitation changes projected with the GCM scenarios for all agroecological

regions are presented in Figure 2. The projections in the Southern sites are similar for wheat and

soybean/maize with not very expressive differences for the GISS scenarios in the Central-South. In

general, the scenario precipitation projections vary greatly, especially for the more southern sites, and the



trend for the annual precipitation is to increase compared to the current (observed) climate. The GFDL

scenario projects the largest precipitation increases for sites in the South from September to November,

and also from March to May for sites in the Central-South. The precipitation projected by the GFDL and

UKMO scenarios for December for most of the Southern sites, is lower than the current precipitation,

meaning more of a change of drought problems for the summer crops. Annually, lower increases in

precipitation are projected for the sites in the Northeast and the North regions; the UKMO scenario

projects decreases of about 10 to 15% for these regions; the precipitation reductions projected by the

UKMO scenario during the summer (December to February) and  winter (June to August)  might represent

an additional stress for the crops in the northern sites, especially considering the current low water supply

in the winter (see Table 3).

Differences in solar radiation between baseline and climate change scenarios  are not very

expressive (data not shown).



SENSITIVITY ANALYSIS

A sensitivity analysis was conducted  at each site, to evaluate the effect of step changes in

temperature, precipitation, and CO2 atmospheric concentration on crop physiology and production  of

wheat, maize, and soybean. The impact of  these  changes in grain yield, crop season length and irrigation

demand are presented in  Tables 5 to 7. The results presented for each region are an average of the

simulation results for the sites included in the region.

Wheat 

An increase in temperature results in significant reductions in crop season length and grain yields

(Table 5). An increment of +4 C results  in an average shortening of the crop season length by about 15%

and a 40 to 50% decrease in grain yields. The cultivars used in this study are sensitive to temperature



increases, with consequent shortenings in the grain filling  period.  Considering the physiological effects of

555 ppm CO2 on the crop in the +4 C scenario, the yield increases compared to the +4 C alone, but does

not completely compensate for the negative effects of higher temperature on wheat yields. For the

Central-South and the Central regions, where wheat is grown under  irrigation, water demand for irrigation

would be reduced in 15% under the  555 ppm CO2 concentration (Table 5), meaning increased  water use 

efficiency under this scenario (ROSE, 1989).

Maize 

The effect of warmer temperatures on maize grain yield varied among the regions (Table 6) with

average reductions of 22%, ranging from about -20% in the South and Central-South up to -28% in the

Northeast region. Warmer temperatures would reduce maize crop season length by around 15%, on

average, as a consequence of shortenings in the grain filling period, due to the sensitivity of the cultivars to

increased temperatures, but the effect is greater for the southern sites.

There  are no significant effects on grain yield with increased precipitation, except in the

Northeast region. Lower precipitation may be beneficial in the North region and detrimental in the

Northeast. 

The physiological effects of 555 ppm of CO2 are smaller on maize grain yields than on wheat.

These effects are more expressive in the Northeast region, probably associated to an increased efficiency in

water use by the crop. The effect on irrigation demand was not tested considering the dryland crop

management adopted for maize in all production regions.

Soybean 

Temperature  and  precipitation  changes  do  not alter soybean growth  in the same way as the

other two crops (Table 7). In average, soybean yields reduces near 12% under warmer temperatures (6 to

8% in the South and the Northeast and 16% in  the other regions). Season length is less affected by

increased temperatures (average reduction of 1%), and the greater effect is observed in the southern

regions. 







CROP CHANGES UNDER GCM CLIMATE CHANGE SCENARIOS

The results of the simulation of wheat, maize and soybean  growth under the GCM climate

change scenarios are shown in Tables 8 to 10, and Figure 3 shows the results for each region; the regional

results are an average of the results of the sites included in each particular region. The results are discussed

in terms of grain yield, crop season length  and irrigation demand.

Wheat

In general, all GCM scenarios project grain yield decreases compared to baseline in all sites (Table

8). Under the UKMO scenario the yield reductions are larger. All scenarios project shortening of the wheat

season length, especially for the South region. The GFDL scenario projects 8% reduction in irrigation

demand for the Central region.  These changes are driven mostly by the scenario temperature increases,

and are comparable to the changes reported in the sensitivity analysis.

The percent change in wheat grain yields, projected for the different climate scenarios, for each

region, are illustrated in Figure 3.  Considering the physiological effects of CO2 (555 ppm in Figure 3), the

negative effect of the climate change alone is partially diminished. Wheat yields in the Central region are

potentially the most  vulnerable to future climate changes under the GFDL and the UKMO scenarios (yield

reductions of 24 and 46%, respectively).  Under the GISS scenario, the Central-South region could be

more vulnerable with losses projected near 43%. In general, the South region could be considered

potentially less vulnerable to the climate changes projected by the scenarios considered in this study, with

average losses in yield projected to be 22%.

Maize 

All scenarios project reductions on grain yield and crop season length, when compared to the

present climate (Table 9, Figure 3). Decreases in crop season length under the climate change scenarios

vary in each region, but they average around 15%. The climate change effect on crop season length and

yield are a consequence of the increases in temperature projected by the GCMs, and are also shown by the

sensitivity studies previously discussed. Considering the physiological effects of CO2, the projected

reductions on grain yield are diminished compared to the climate change scenario alone. According to the

GFDL and the UKMO scenarios with physiological CO2 effects (555 ppm in Figure 3), the largest yield

decreases are in the South and the Central-South regions, ranging from 11% to 20%. According to the

GISS scenario, the largest reductions (24%) would be expected for the North region.

Soybean 

In general soybean grain yield reductions are smaller under the GCM scenarios compared to

baseline (Figure 3), than the consistent yield reductions  projected for maize and wheat. Considering the

results under the GCM scenarios alone, there are yield reductions compared to baseline practically for all

regions.  Considering the physiological effects of CO2 on yield in addition to the climate change, the



SOYGRO crop growth model simulates significant yield increases. In this case, projected average gains in

soybean yield average 22% compared to baseline  (330 ppm CO2, Table 10). The results are consistent in

all regions, except the Northeast where yields decreased or the increases were under 15% (Figure 3). A

small shortening in crop season length is simulated under all GCM scenarios for the sites in the South and

the Central-South regions, but this effect  is very small, compared with the crop season length shortening

for wheat and maize under the same conditions. 

These results agree with the sensitivity analysis previously discussed and suggest that soybean

production might not be greatly affected by climate change as projected by the GCMs, especially

considering the beneficial physiological effects of an doubled CO2 concentration. 

TRANSIENT RESULTS

Wheat and maize yields and crop season lengths were simulated under the GISS transient

scenarios in Passo Fundo (South region). Linear increases in temperature are projected from 1990 up to

the year 2050 (Figure 4).  Wheat yield  and season length decrease under the GISS transient scenarios

(Figure 5); the rate of reduction decreases after the year 2030. In contrast to wheat, simulated maize grain

yield increase up to the year 2030 when considering the physiological effects of CO2 (460 ppm) and then

decrease; the maize season length decreases linearly over the period considered.

PROJECTIONS OF THE GCMs ON NATIONAL GRAIN YIELD

The projected effect of the climatic changes on national wheat, maize and soybean yield was

estimated aggregating the regional results weighted according to cultivated area. All results reported

consider the beneficial physiological CO2 effects on crop yield.  In this study the crop management,

technology and distribution of cultivated land are assumed to remain constant.



Wheat 

Wheat is grown in 3.6 million Has in Brazil. Considering the changes in regional wheat yield

under the GCM scenarios, and the contribution of these regions to the national wheat area, we estimate

that the possible impact of climate change scenarios on national wheat production could be large

(reductions of 1.2, 0.6 and 1.2 million tons, according to the GISS, GFDL and UKMO scenarios,

respectively, Table 11). Although the more  significant reductions on grain yield could be potentially

expected for the Central region, according to the GFDL and UKMO scenarios, the impact of these regional

reductions in the national yield are not highly significant because of the small acreage presently being

cultivated (1%) in that region.

Maize 

Maize in Brazil is cultivated in about 22 million Has. Considering the cultivated area by region and

the changes in grain yield under the climate chance scenarios, the national maize production could be

reduced 2.3, 2.4  and 3.5 million tons,  according to the GISS, GFDL and UKMO scenarios, respectively

(Table 11).  The projected values with the UKMO model represent 16% reduction on the present national

maize yields.

Soybean 

Soybeans in Brazil are cultivated in about 15.6 million Has. The national estimated yield changes

under the GISS, GFDL and UKMO climate scenarios would  correspond to increases of 4.1, 3.6 and 2.8

million tons (Table 11). The  6% yield decrease under the UKMO scenario in the Northeast region,  does

not have a large impact in the national yields since that region only contributes about 1% of the total

soybean cultivated land in this country.

ADAPTIVE STUDIES

Wheat and maize development and yield are affected by the climate changes projected by the

GCM scenarios studied and the changes are larger under the UKMO scenario. This part of the study aims

to detect possible alternatives that would compensate for the negative impact of the climate changes on

wheat and maize. The simulation was carried out in Passo Fundo because of the careful calibration and

validation of the CERES model at that site. Additional and preliminary strategies were also simulated for

maize and soybean in Petrolina (Northeast region), considered a vulnerable region to climate change.



Wheat 

Results from modifying the genetic coefficients of  the cultivar BR 14, used in most simulation

studies, under the UKMO climate scenario, are shown in Figure 6. The modified coefficients are related to 

responses in the changes in temperature: P1V refers to response to vernalization and P5 corresponds to the

duration of  the grain filling period, also very responsive to changes in temperature (GODWIN et al, 1989).

Crop management alternatives, combining irrigation and nitrogen for maximum yield (N off in Figure 6)

with simulated cultivars, adapted to warmer temperatures are considered as possible adaptation strategies 

under the  climate  change conditions. The strategy with the genetic coefficient values of 8 for P5, and 2.5

for P1V, with irrigation and no nitrogen stress, would result in values for grain yield and crop season

length close  to the estimated for the baseline climate. The actual values of P5 and P 1V correspond,

respectively, to 6 and 1.9  and the value of  8 for P5  is beyond  the range found in the IBSNAT database

(GODWIN et al, 1989). Aggregating irrigation, nitrogen for maximum yield, and a P1V coefficient value of

2.5 that represents a feasible situation, would approximate actual yields in 90%.    

Modern cultivars with high yield potential also could compensate for the decrease in the total



grain supply, as shown in Figure 7,  comparing data for cultivar BR 23, in relation to the cultivar BR 14

used for most regions.

Maize                    

The changes on crop management tested (irrigation and changes in planting date) do not

compensate for the maize yield decrease under the UKMO scenario in Passo Fundo, South region  (Table

12). The development of a hypothetical new cultivar with different P5  "genetic coefficient" would improve

maize yield production under the climate change scenarios (Table 12).  The P5 coefficient is associated

with the characteristic of the cultivar to respond to the warmer temperatures,  reflecting the duration of the

grain filling period (RITCHIE et al, 1989). An increase of 20% of the actual value of the P5 coefficient

would present a possible way of compensating for the projected grain yield decreases. The feasibility of

this strategy through breeding programs should be further explored.

In Petrolina (Northeast) an improvement in the crop management practices such as irrigation and

increased nitrogen fertilization, could compensate for the yield decreases under the UKMO scenario; but is

important to notice that in this case base yields also increase substantially (Table 12).

Soybean 

In the Northeast region (Petrolina), shown as a vulnerable region, irrigation increases soybean

yields under base and under the UKMO scenario and would compensate completely for any negative

impact of climate change (Table 12).

SOME LIMITATIONS OF THE STUDY

The crop models have not been validated in all regions considered in the study. Technology and

land use are considered constant. The direct physiological effects of CO2 on crop development and yield

may be different than the simulated ones

The General Circulation Models do not include variability that might represent a very important

factor for crop production, especially in the more vulnerable regions. The resolution of the Climate Change

Scenarios as created in this study, is low. Some climatic differences observed in the southern sites, were

not apparent in the climate change scenarios.
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