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POTENTIAL EFFECTS OF GLOBAL CLIMATE CHANGE FOR BRAZILIAN
AGRICULTURE AND ADAPTIVE STRATEGIESFOR WHEAT, MAIZE AND SOYBEAN*

EFEITOSPOTENCIAIS DE MUDANCASCLIMATICASGLOBAISNA AGRICULTURA
BRASILEIRA E ESTUDOS DE ADAPTACAO PARA TRIGO, MILHO E SOJA

Otévio Jodo Fernandes de Siqueira’, José Renato Bougas de Farias® and Luiz Marcelo Aguiar Sans’
RESUMO

Utilizando-se os cenarios climaticos gerados pelos modelos de equilibrio atmosférico GISS,
GFDL e UKMO, e os modelos de smulagcdo CERES e SOY GRO, simulou-se 0 impacto do efeito estufa
sobre a producdo nacional de trigo, milho e soja, com base em dados climaticos diarios de 13 locais (1951-
1980). Todos os modelos GCMs projetam aumentos de temperatura, algumas mudancas de precipitacéo e
menores efeitos na radiagdo solar. Em decorréncia da elevacdo de temperatura, sdo projetados
encurtamentos no ciclo e na producéo de trigo e milho, sendo a soja menos afetada devido ao efeito
benéfico da maior concentracéo de CO,. Foram projetadas diminui¢des nas producdes nacionais de trigo e
milho de cerca 1.2 e 3.5 milhdes ton, respectivamente, e aumentos de 2.8 milhdes ton na producéo
nacional de soja. As regifes nordeste e central foram detectadas como mais vulnerdvel's ao efeito estufa, a
primeira em relacdo a producdo de milho e soja e a segunda em relacdo a producdo de trigo. Novas
cultivares e gjustamentos em préticas de manejo associadas a irrigacéo e fertilizacdo nitrogenada podem

compensar o efeito das modificactes climaticas.
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ABSTRACT

Wheat, maize and soybean production was simulated with CERES and SOY GRO 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 CO,. 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 CO;
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 a, 1989; CURRY et
al, 1990). In Brazil, very few studies have been conducted in this area; some results have been presented
by MOTA et a (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 cropsin 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 REGIONSAND SITES

Thirteen sites were selected for this study (Table 1). The location of the sites varies from 31 South
to close to the equatoria line. The sites were selected based on previous agroclimatic studies (MOTA,
1989; MOTA & AGENDES, 1986; ALFONSI et al, 1981; QUEIROZ et d, 1979; MALUF et a, 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 agroecol ogic 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 a, 1989; RITCHIE & OTHER, 1985), CERES-Maize
(JONES & KINIRY, 1986; RITCHIE et a, 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 Decison 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 CO, atmospheric concentrations on plant
photosynthesis and water use, based on experimental results (ROSE, 1989; CURRY et a, 1990; ALLEN,
1990). The photosynthetic enhancement at 555 ppm CO, used for wheat is 1.17, for soybean 1.21 and for

maize 1.06.
Table 1 - Characteristics of the =zites.
Site Latitude Longitude Elev. Weather =Sail

() Data

Beldém, PA 1,285 48.27W 24 67/80 Haplorthox
Manaus, AM 2.08%8 60.01wW 48 T1l/80 Acrorthox
Petralina, FE q.238 40.320W AEE EL/BO  FBubrusthox
Cruz das Almas, Ba 12.408 i9,.06W 226 T1/80 Haplorthox
Sete Lagoas, MG 19,285 44.15W Tz E0/80 Haplusthox
Campo Grande, MS 20.27=2 54.37TW 530 T4/80 Haplorthox
Campinas, &SP 22,538 47 . DEW 1 51/80 EBEutrorthox
Londrina, P2 23,138 51.1%W SEE& 52/80 Haplertheox
Ponta Grossa, PR 25.088 S0, 10w 8g8 54/80 Hapleorthox
Passo Fundo, R= 28.15%2 52.24W EET £1/80 Haplorthox
YVacaria, RS 2g,.33s S0.4ZW 955 51/80 Haplehumox
S8c Borda, RE 28.355 56, 00W 99 LE/BD  Paleudalf
Pelotas, RS 31.478 52.29W 13 52/80 Hapludult




SOILS

Soils were chosen to best represent the local soils of the sites selected. Soil data were obtained
from regiona soil survey studies (BRASIL, 1971; 1973; LARACH et al, 1984; OLIVEIRA et a, 1984,
MOTHEI et a, 1979; SANTOS et a, 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 datain 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;
REUNIAOQ, 1988a, 1988b, 1988c, 1989).

Although there are water deficitsin some regions, practically al 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.

Table 2 - Spil profile varinbles used with the crop growth models, example
for Passo Funde (Haplorthox).

Depth pH Al/CEC Org =N Min- ——— Texture — -—7Vel. Humidity— Bulk R.E.

water T NOy, NH, Clay 2ilt Sand Init l5kar FC Sat Dens Coef
= (em) - —(2)— -{ppm)- (%} == (g/omd)

0- 10 6.2 O 2SI B 2SR TOE BT 17 28 1] 24 33 43 1.08 1.0
10- 20 6.3 L+t RO B B Bl 0 B 21 26 32 28 33 3g 1.1 0.8
20- 30 5.5 B 2.2 2.8 2,0 &3 15 22 3z ELH 34 40 1.13 0.5
30- 40 4.7 53 1.3 3.7 2.0 67 13 2o a3z 0 34 €1 1.13% 0.2
40- 50 4.7 61 1.7 3.6.2.0 70 13 17 36 a0 ig 40 1.12 ©.1
50- 0 5.2 &3 1.3 3.6 2.0 72 13 18 4 le 42 42 1.09 0.1
€0=- 75 4.% T3 0.8 2.3 2.0 77 10 13 39 34 41 4% 1.09 0.0
75- 90 ‘5.0 7% 0.5 2.3 2.0 77 10 13 41 3e 43 45 1.10 0.0
90-105 5.0 80 0.3 2.0 2.0 7B ] 1.13 0.0

13 e 3é EX-] 46

Vol. Humidity:
Init.= initial, soil moisture at planting time
15bar= soil moisture at 15 bar pressure {lower limit)

FC = goil meoisture at field capacity ([drainage upper limit)
Zat = saburated water content
R.E.Coef.= Coefficient for rooct development {(le max. value)




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
S#o Paulo, South region (ANUNCIACAO & LIU, 1991).

Table 3 - Chserved (baseline) climate at selected sites.
Zites Dec-Fel Mar-May Jun-hug Sep-Now Annual
TEMFERATUERE (C)
Hel dm 27.0 27.0 27.2 27.4 27.2
Manaus 26.6 26.6 26.6 27.8 26.8
Petralina 25.6 25,6 24.0 27.0 25.8
Cruz das Almas 25.9 24.9 22.1 24.2 24.3
Bete Lagoas 23.4 Z21.8 19.1 22,8 21.7
Campso Grands 25.3 23.3 21. 6 24.0 23.6
Campinas 24.0 21.6 18.% 22.1 21.6
Lendrina 24.3 21.4 18.0 21.8 21.4
Fonta Grossa 22.0 1.6 15.1 18. 8 1E. 68
Paseon Fundo 2E.B 1E.4 14.2 18. 4 18.4
Vacaria 20.2 15.9 11.E 15. % 15.9
2ic Borja 25.0 20.5 15.5 20,0 20.2
Felotas 22.9 18.7 13.5 17.5 18.2
PRECIPITATION (Do)
Belém S80 1101 A50 366 2,877
Marnaus 708 903 I4E 420 P T
Patrolina 255 255 24 g3 G603
Cruz das Almas 273 342 303 243 1,161
Sete Lagoas 738 201 33 393 1,365
Campe Grarnde 678 394 123 S07 1,698
Campinas 648 287 114 330 1,359
Londrina BET 3%4d 213 420 1,584
Ponta Grossa 480 09 276 gl 1,4d4e
Pagso Fundo 474 d8 441 501 1,764
Vacaria 364 297 k9 408 1,452
S3a Borja 348 T2 06 399 1,425
Eelotas 297 ZRd 166 3115 1,242
SOLAR RADIATION (MJ/ m2)
Belém 1323 Ll 15. 6 18,2 14.4
Manaus 1107 112 13.7 14.3 127
Petrolina 16.2 14.2 12.4 17.2 15.3
Cruz das Almas 15.7 12.2 11.3 14.3 13,6
Sete Lagoas 15.9 14.5 12.6 5.0 14.7
Campo Grande 1.2 12.7 12.1 15.6 14.4
Campinas 1.1 12.4 11.6 i5.3 14.1
Londrina 16.3 13.3 1103 15.2 14.0
Fanka Grossa 1%.1 11.4 9.6 13.7 12.4
Fasso Fundo g G e ) 11.6 2.6 14.7 13.1
Vacaria 17 .1 0 i . &_5 14.4 12.8
283a Boria 17.% 11.5 & 2 15.0 13.1
Selotas 18.4 12 s 8.0 i4.6 13.0
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 a (1988) in Taguari, 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 ssmulated results were in agreement with regional observed crop parameters.

Table 4 - Cultivars and crop management data.
Plant Raw Planting
Crop Regien Site Cultivar Popul. Spacing Date
{pl/m?)  (m)

Woeat South Feloctas ER 14 320 0.17 Jun.ls
Socuth Passo Funde HBER 14 330 0.17 Jun.15
South S8 Borja ER 14 3o 0.17 May.31
South Vacaria ER 14 330 0.17 Jul.l5
South Ponta Grossa ER 14 330 0.17 Jun.l1l5
C.8outh Londrina ER. 14 azp 0.17 Apr.l5
C.5%outh Campinas Anza* 350 0.17 Apr.30*
C.Bouth Campos Grande Anza* isD 0.17 Apr.30*
Central Sete Lagoas Anza* 350 0.17 Apr.30*

Maize South Pelotas PIO 3230 5 1 Ocr. 15
South Passo Funde PIO 3230 5 1 Oct. 15
Scuth S30 Borja PIO 2230 5 ik Ock.15
South Vacaria PIO 32230 5 X Now. 15
South Ponta Grossa PIO 3230 s 1 Oet. 15
C.South Londrina PIO 2230 5 1 Oeck. 15
C.Ssukth Campinas PID 3230 5 1 Oek.15
C.South  Camps Grande PIO 3220 5 1 Ock. 30
C.South Sete Lagoas PIO 3230 5 1 ek .30
N.East Cruz Almas Buwan 1 5 1 Ock. 15
H.East Petralina Suwan 1 5 1 Oeb 15
HNorth Manaus Suwan 1 5 1 Nowv.1l5
HNorth Beldmn Suwan 1 5 1 Mow.15

EBoybean South Pelatas Davis a0 G.8 Nov.15
South Passo Fundo Davis 40 0.5 sk 15
Sauth S23c Borja Davis 40 4.5 HNav.15
South Vacaria Davis 49 0.5 Now. 15
Sauth Ponta Grossa Davis 40 0.5 Nowv.15
C.South Lendrina Davis 40 0.5 Mowv. 15
C.South Campinas Davis 40 0.5 Nowv. 15
C.South Campo Grande Davie 40 Q.5 Now.15
C.Scuth Sete Lagoas Davis 40 0.5 Oct.15
M.East Cruz Almas Vicoja 40 a.5 MNowv. 30
N.East FPetrolina Vigeja 40 Q.5 Howr. 30
Morth Maraus Jupiter 40 0.5 Hew. 30
Morcth Belém Juipiter 40 0.5 Mev,30

* Irrigated. Others: rainfed.

Genetic coeficiente:

Wheat (BR 14): PFlV=1.9; PlD=1.5; F5=6.0; G1=3.2; G2=0.6; G3=3.9

Maize (FIO 3230): Pl=220; F2=0.B5; P5=995: G2=T20; G3=5200.

SOY GRO-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 sitesin the Northeast and the North regions, the cultivars Vigoja and
Jupiter were used, with the origina genetic coefficients included in the DSSAT data base. In Belém,
simulated and observed yields and anthesi s dates showed a close relationship.

CLIMATE CHANGE SCENARIOS

Sensitivity scenarios



To analyze the sensitivity of the crop models to temperature, precipitation and CO, levels,
sensitivity scenarios were created combining step changes in the climate variables (O, +2, +4 C temperature
changes combined with 0, +20%, -20% precipitation changes). The physiological effects of 555 ppm CO,
were aso 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
1xCO; (330 ppm CO,) and 2xCO, (555 ppm CO,) 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 CO, concentrations considered were 405 ppm, 460 ppm and 530 ppm, for the years 2010,
2030 and 2050 respectively.

RESULTSAND DISCUSSION

GCM PROJECTIONSOF 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 (Juneto 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).
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Figure 3 - Wheat , maize, and soybean grain yleld projected with GCMs (3230
and 555 ppm CO.).

SENSITIVITY ANALYSIS

A sensitivity analysis was conducted at each site, to evaluate the effect of step changes in
temperature, precipitation, and CO, atmospheric concentration on crop physiology and production of
wheat, maize, and soybean. The impact of these changesin 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). Anincrement 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 shorteningsin the grain filling period. Considering the physiological effects of
555 ppm CO, 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 CO, 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 shorteningsin the grain filling period, due to the sensitivity of the cultivarsto
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 beneficia in the North region and detrimental in the
Northesast.

The physiological effects of 555 ppm of CO, 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 maizein al 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.



Tabla 5 - Sensitivity of the CERES-Wheat model to changes in
temperature, precipitation and CO,; level (330 and 555 ppm)-
simulated grain yield, season length and irrigation demand,

T T T Tl el e T - e

Frec Temp Scuth C.8cuth Central Mean

Diff Elifr T ] PRI T R G LR e T )
(8} (C) 1xCO, 2xCO, 1xCO, 2xCO,  1xCO, 2xCG,  1xCO, 2xCO,

GRAIN YIELD (T/Ha)

0 +0 2.30 2.66 2.36 2.931 2.23 3.36 2.53 2.98

] -2 l1.88 2.27 1.3 2.22 2.18 2.71 1.%0 2.40

0 i 1.47 1.87 1.03 1.54 1.44 2.00 1310180
+2 0% o 2.26 2.61 2.35 2.390 2.93 3.34 2.51 2.95
+20% =2 1.86 2.24 1.64 2.21 2.17 2.70 1.85% 2.39
+20% =4 1.46 1.85 1.04 1.54 l.4d 2.00 1.31 1.80
-20% o 2.32 2.71 2.36 2.96 £4.24 3.32 2.53 3.00
-20% <2 1.89 2.30 1.63 2.24 2.1 2.87 1.90 2.40
-20% +4 1.48 1.83 1.03 1.54 l.4ad 1.97 1.32 1.80

SEASCN LENGTH (Days)

G a 124 124 103 103 100 100 109 109

o 2 116 116 95 35 21 51 101 101

o +4 108 103 89 B3 85 8B5S 94 =14
+2 0% a 124 124 103 103 140 100 103 143
+20% 2 11E& 116 95 95 21 91 101 101
+20% +d 108 108 89 B BS 8BS 94 94
-20% 0 124 124 103 143 100 100 109 109
-20%  +2 11€& 116 a5 95 1 91 101 101
-20%8  +4 1CE 10e g3 83 85 AE 94 94

IRRIGATICN DEMAND (mm)

a 0 L 0 186 126 281 240 234 198

a +2 o o 191 160 275 236 233 198

Q +d N H 196 162 281 240 238 231
+20% ¥ o H 184 156 276 237 230 19¢
«20% +2 G 0 188 159 273 233 230 19¢
+20% +4d H i 194 159 276 239 235 138
-20% o o 0 189 16l 282 243 236 202
-208 42 o o 155 164 275 237 235 200
H Q 202 1689 280 240 241 204

-20% +4

e — e e, —

1xC0, = 330 ppm CO,
2xC0; = 555 ppm CO,




Table € - Sensitivity of the CERES-Maire model to charnges in tempera-
ture, precipitation and ©0y level (320 and 555 ppm) - simulated grain
yield and seasen length.

Prac Temp Ecuth 2. Zouth N.East HNorth Maan
Difﬁ DLEE [ IR P Y it Emaa
(%) (C) 1xCO, 2x%CO, 1xCO, 2xCD, 100, 2xCO, 1xCO, 2xCO;  1xCO, 2xCO,
GRAIN YIELD (T/Ha)

o o 7.78 B.49 6&.66 T.05 4.87 6.44 4.39 4.36 .92 6.34

o +2 T.14 7,81 6,15 E.58 d.11 -d.68 3.0 3I.91 5.3 B.74

o +4& 6,310 690 5036 0 5,75 3,49 4.14 3,42 3,43 4.6 5.06
+20% ] 7.8 8.51 6.58 6.94 5.04 5.52 4.19 3.99 5.93 B.24
+20%  +2 7.26 T.BS5 6.10 6£.47 4.32 4.74 3.7z 3.80 E.2E E.b&
+20%  +4 6.41 &£.95 5.33 5.70 3.67 4.18 3.2 3.1%9 4.67 5.00
«20% [ 7.57 B.37 e.70 0 7.14 4.54 5.30 4.64 4.87 S5.86 6.37
-20% +2 6£.92 T.B3 £.17 6&.62 3.7% 4.52 4.10 4.15 5.24 5.73
-20%  +d4 6.11 s£.70 5.35 E£.98 32.16 3.%8 3.55 35,82 4.54 5.0z
SEAZON LENGTH ({Dayval

4] a 134 134 117 117 106 108 104 104 11% 115

4] +2 118 i19 106 106 98 a8 a6 96 104 105

0 +4 103 108 o8 a8 94 a4 a2 o2 a8 a8
+E0% 0 134 124 117 117 108 10& 104 104 115 115
+208  +2 119 119 108 106 S8 ag =1 =1 105 105
+20% log 108 98 S8 24 ad 92 82 a8 98
-20% o 134 134 117 117 106 108 104 104 115 115
-208 -2 1ig 113 1086 106 9E ag 95 96 104 105
-20%  +4 108 103 38 98 94 94 93 92 98 98

1xC0, = 330 ppm OO
2xC0, = 555 ppm CO,

Takle 7 - Sensitivity of the SOYGRC-Soybean model to changes in tempera-
ture, precipitation and €0, lewvel (220 and 555 ppm) - simulated grain
vield and seascon length.

Prec Temp Seuth C.South MN.East North Mean

Diff Diff -——— S i i ki
() (C) 1xCO, 2xCO, 1xCO, 2xCO, 1xCO, 2xCO, 1xCO, 2xCO, 1xC0, 2xCO,

ket e S T R e B bl

GRATN ¥YIELD (T/Ha)

0 0O 2.91 3.9z 3.10 4.60 3.26 4.08 2.17 3.08 2.86 3.92

0 +2 2.9% 4.14 2.73 4.36 3.06 3.81 1.94 2.93 2.68 3.81

0 +4 2,79 3.77 2.35 3.88 2.79 3.45 1.79 2.82 2.42 3.4%
+20% 0 3.08 4.26 3.2% 4.71 3.36 4.18 2.21  3.10 2.%8 4.06
+20% +2 3,18 4.17 2.98 4&4.48 3.18 3.92 2.00 2.96 2.84 3.88
+20% +4 3.00 3.95 2.46 4.01 2.92 3.60 1.8E5 2_8E 2_50 3.81
-20% ‘0  2.83 3.8 2,80 4.433.08 3.85 2.10 3.05 2.87 3.76
-20% <2 2.87 3.72 2.85 4.1% 2.84 3.56 1.88 2.89 2.51 3.5%
-20% +4 2.47 3.46 2.16 3.70 2.54 3.19 1.71 2.76 2.22 3.28
SEASON LENGTH (Davs)

o o 143 143 123 125 110 110 91 91 bl S

0 +2 B Je B Tt B T Sy T i e g 30 114 114

o +d 134 134 116 121 116 116 a2 532 114 - 118
+20% 0 bt Vi G T T e T T e T R 91 91 117 117
+20% 42 e L i (et R T T e e S e ag 20 1125510
+20%  +4 13470 0184 0936 A% dde s aae 92 9z 114 116
-20% 0 i LS PR 1 T L T U et i 81 a3 117 118
_20% 42 by iy I S e R L e 90 ag TigitaTy

~20% +4 134 134 114 121 116 11s 92 22 114 116

IxCQy, = 330 ppm CTO.
2x03, = B55 ppm O,




CROP CHANGESUNDER 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 sitesincluded in each particular region. The results are discussed
interms 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 comparabl e 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 CO, (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 lossesin 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 aso shown by the
sengitivity studies previously discussed. Considering the physiological effects of CO,, the projected
reductions on grain yield are diminished compared to the climate change scenario alone. According to the
GFDL and the UKMO scenarios with physiologica CO, 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
GI SS 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 CO, on yield in addition to the climate change, the



SOY GRO crop growth model simulates significant yield increases. In this case, projected average gainsin
soybean yield average 22% compared to baseline (330 ppm CO,, 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 smulated 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 CO, 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 CO, (460 ppm) and then

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

Table 8 - Effect of the GCM climate changs i i
P T ge gscenarics on simalated

r;‘.'l:i.mm_:a 230 ppm ooy = BEL pom :’_‘-:}.
Scenarics South CSouth Central Mean South CZouth Cent]:"i.i Mean

GRAIN YIELD (T/Ha)

BASE 2.30 2.36 2.93 2.53 2.686 2.91
a . . d J 3i.38 .98
GIss 1.45 0.8% 1.51 1.28 1.84 1.35 2.04 1.74
GFDL i.49 1.3% 1.72 1.53 1.88& 1.95 2.24 2.02
MO 1.28 .95 1.10 1.11 1.88 1.43 1.57 1.56
SEASON LENGTH (Daya) :
EASE 124 103 100 108 124 103
ioo 10%
GIss 107 87 g5 23 107 BT ES 93
GFDL 109 23 B3 97 10% oz g3 a7
URMO 104 B7 B2 31 104 87 B2 91
IRRIGATION DEMAMND {mm)
BASE Lo 186 281 234 o 15
9 240 200
gggg g ise 274 235 0 160 234 137
185 2587 221 4] 1 1
. - , 56 221 168

290 287 244

PROJECTIONSOF THE GCMsON 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 CO, 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
maizeyields.

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

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



Table % - Effect of the &CM climate change scenaries on sirulated maize
in Brazil.

Climate —e—————330 ppm CO, ——88E ppm CO, ————
Scenarice South CSouth MNEast North Mean South CScuth MNEast North Mean

GRAIN YIELD (T/Ha)

BASE 7.78 6.56 4.87 4.3% 5.52 B.50 7.05 5.45 4.36 §.34
GISS .15 5.5% 3.16 3.42 4.58 .72 5.9 3.78 3.32 4.95
GFDL 5.8 5.55 3.5 3.68 4.66 6.54 5.92 4.32 4.08 5.22
UKMS E.46 5.12 3.44 3.80 4.4d6 .18 5.4% 4.04 3.97 4.92

SEASON LENGTH (Days)

BASE 134 7117 106 104 T 11s B SRR T e FEREE, ) A (1T Rl .-

el £ -1-3 105 100 88 52 87 107 100 84 92 97

GFDL 109 101 54 94 100 108 101 94 94 100

UKMO 10 a7 90 92 95 101 a7 50 92 95
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 isbeyond the range found in the IBSNAT database
(GODWIN et a, 1989). Aggregating irrigation, nitrogen for maximum yield, and aP1V coefficient value of
2.5 that represents afeasible situation, would approximate actual yields in 90%.

rabla 10 - Effect of the GOM climate change scenarice on simmlated
goybean in Brazil.

Climate e 330 ppm 00— —— 555 ppm COy
Seenarios South CScuth MEast Morth Mean South CSouth NEask MNorth Mean

A s -

GRAIN YIELD {(T/Ha)

EASE 2.%1 3.10 3.26 2.17 2.86 1,92 4.60 4.08 3,08 3.52
GIsE 2.77 2.67 2,88 1.34 2.56 31,77 4.08 3.56 3.00 3.80
GFDL 2.62 2.%6 2.%0 1.33 2.50 3.65 3.97 3.84 2.91 3.54
LTEHO 2.44 2,14 2.42 1.78 2.20 3.48 3.75% 3.05 2.85 3.29
SEASON LEMGTH {(Days)

BAEE 143 123 100 31 117 143 125 110 91 117
GIEE 133 113 11le G2 115 133 122 1ie 92 11e
GFDL 135 120 11z S0 114 135 122 112 g0 115

UEMG 133 114 11% 92 114 133 122 115 92 116

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 PS5 "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 a, 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 a so 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 LIMITATIONSOF 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 CO, 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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?‘a‘ble 11:. Aggregate{l vield changer under GCM climate change scenarios
in Brazil. Results include the rhoysiological effects of CO, on yield.
Regisnal GISS GFDL err
Crop Region roduction ——- e 2 —
R {(Tx1000) (B} {Tx1000) (#) (Tx1000) (£) (T=1000)
Wheat South 1,573 -21% -330 -15% -259 -27% -425
C.South 2,028 -43% —-a87z2 -17% ~345 =353 =731
Central 24 ~30% =7 -243 - -dB% -11
Naticonal 3,625 ~33% -1,209 -1lg% -650 -34% -1,227
Maize South &, 855 -13% =870 16% -1,071 -Z0% =1,333
C.8uth 11,131 -10% -1,113 -L11% -1,224 -18% -2,004
Central* 2 4895 = - = - - 3 £
N.East 1,126 -22% -248 -11% -124 -17% =191
Nerth 330 -24% =75 =7% =23 -10% -33
Macional 21,778 -11% -2,310 -11% -z, 442 -l6% -3, 567
Soybean South 6,408 +30% +1,922 +25% +1,5602 +208 +1,28
: F 1,2a2
C.Socuth 6,943 +32% 42,222 +Z8% +1,944 +22% +1,528
Central® 2,135 - = - - - =
N.East 96 +9% +3 +12% +12 -BR -&
North [+] +36% Q +34% ] +31% 4]
Mational 15,582 +26% +4,153 +23% +3,55%8 +18% 2,804
Source of producticn data: IBGE and Bank of Brazil. T
* not similated.

Table 13 - Poseible adaptation strategies - affect of changes in the
the planting date, P5 coefficient of the ecultivar PIO 3230, irrigation
and nitrogen stress on sim:lated maize and soybean yields. The
climate change scenarico simulations include the physiological effects
of CO; en yield.

Site Cxrop Strategy Simulated ¥Yield Yield change
BASE UKMO from BASE
— (T/Ha} (%}
P. Funds Maize Cck 15, rainfed* B.17 6.69 =18
Sep 15, rainfed 6.54 =20
Hov 15, rainfed 5.75 =30
Dec 15, rainfed 5.72 =30
Jan 15, rainfed 6.62 =15
Qckt 15, irrig. B.4E .79 -17
F. Fundo Maize Cen.Cosff. P5=995* g.1g &.BE -1&
Gen.Coeff. P5=795 5.21 -38
Gen.Coeff. P5=1195 B.51 4
Gan.Coeff. P5=1395 10.09 23
Petrolina Maize Fainfed, N sbtress** 4.64 3.98 -14
Rainfed, N 6.72 5.34 15
Irrig., N stress 5.37 5.10 10
Irrig., M 7.05 6.37 37
Petrolina Soybean Rainfed 3.39 2.64 =22
Irrig. 3.73 4.19 24

* calibrated coefficient of the cultiwvar PIC 2220 in Passo Fundo.
** current practice.

N pbress: 80 kg N/Ha.
M: MNitreogen for maximum ywield (N kalance off in the model)
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