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ABSTRACT

We summarize the potential impacts of climate change on the yield of maize (Zea mayz) and black bean (Phaseolus vulgaris 1..)
at important agricultural sites in Venezuela. The effects of greenhouse-induced global-scale climatic changes and deforestation-
mmduced continental-scale climatic changes were analyzed for both staple crops. The enhanced greenhouse climate scenarios (GH)
were derived from atmospleric General Circulation Models for doubled CO. conditions GH scenarios of three levels of sensitivity
were defined (low. medium and high) from the lower and upper bounds of GCM-derived temperature projections. These GH scenarios
assume increased air temperature for both the wet and dry season and increased rainfall and decreased incoming solar radiation for
the wet season. Direct effects of increased atmospheric CO, were included in the bean simulations but not m the maize simulations.
The detorestation scenanos (DEF) assume increased air temperature, increased incoming solar radiation and decreased rainfall, as
predicted by coupled atmosphere-biosphere models for extensive deforestation of the Amazon basin. The CERES-Maize and BEANGRO
crop simulation models, from the Decision Support System for Agrotechnology Transfer (DSSAT), were used for assessing impacts
on yield of com and black bean respectively. The results are only relative because the simulations assumed non-limiting nutnents and
no damage from pests or from excess water. The assessments consisted of sumulated cultivations of the CENIAP PB-8 maize cultivar
grown during the wet season at three sites for two baselne years (1n order to cover different rainfall conditions), and the TACARIGUA
black bean cultivar grown dunng the dry season at three sites, for only one baseline chmate year. All GH scenanos caused a decrease
m vield of com at all sites: the phenological phases were shortened and the number and weight of kemels were reduced. Low
sensitivity GH scenanos produced a shight increase m bean yield. but medium and high GH scenanos decreased bean yield, in spite
of the partial compensation by atmospheric CO, enrichment. Increases of precipitation in GH scenarios had no effects on maize yield.
because the sites already have adequate precipitation; however. the crop models used here do not account for potential negative
effects of excess water. DEF scenarios produced relatively smaller changes in maize and bean yield. Increased solar radiation increased
maize yields for the relatively small increase of air temperatures used m the DEF scenanos. Decrease of bean harvest index for all
scenanos indicates that yield 1s more sensitive to air temperature change than is biomass. The potential reductions in maize and bean
vield will most likely be due to increasing temperatures and not to rainfall changes.

KEY WORDS: climate change. greenhouse effect, deforestation. maize. beans. yield. Venezuela.

39



ASSESSING POTENTIAL IMPACTS OF CO, AND DEFORESTATION

RESUMEN

En este trabajo se simulan los impactos potenciales de cambios climaticos sobre el rendimiento del maiz (Zea mayz) y las
caraotas (Phaseolus vulgaris L) en varias localidades agricolas de Venezuela. Se analizan tanto los efectos de cambios climaticos
globales inducidos por un incremento del efecto invernadero como los efectos de los cambios climaticos regionales inducidos por
deforestacion extensiva. Los escenanos de cambio climatico debido al aumento del efecto invernadero (GH) se obtuvieron de mode-
los de circulacion general de la atmosfera asumiendo una duplicacién de la concentracion de CO, atmosfénco. Estos escenanos (GH)
se disefiaron con tres niveles de sensibilidad (baja, media y alta) a partir de las cotas superior e inferior de los pronodsticos de
temperatura derivados de los modelos de circulacion general atmosférica. Estos escenanos GH suponen un incremento de la tempe-
ratura del aire para ambas estaciones (seca y de lluvias) y un incremento de precipitacion acompafiado de un decremento de radiacion
solar incidente para la estacion de lluvias. Los efectos directos del incremento de CO, se incluyeron en las simulaciones de caraota
pero no en las de maiz. Los escenanos de deforestation (DEF) suponen incrementos de la temperatura del aire y de la radiacion solar
mncidente y un decremento de la precipitacion, tal como lo predicen los modelos globales acoplados de atmosfera-bidsfera cuando se
someten a condiciones de deforestacion extensiva de la cuenca Amazonica. Para evaluar los impactos sobre el rendimiento de maiz
y caraotas se usaron los modelos de simulacion CERES-Maize y BEANGRO, respectivamente, del Sistema de Apoyo Decisional para
la Transferencia Agrotecnologica (DSSAT). Los resultados son solamente relativos ya que las simulaciones suponen que la producti-
vidad no esté limitada por escasez de nutrientes, ni por pestes, ni por exceso de agua. Las evaluaciones consistieron en cultivos
simulados del cultivar CENIAP PB-8 de maiz durante la estacion de lluvias en tres localidades para dos afios bases (con el fin de
explorar condiciones diferentes de precipitacion) y del cultivar TACARIGUA de caraota durante la estacion seca en tres localidades
para solamente un afio base (ya que la siembra es de verano y no es necesario explorar condiciones diferentes de precipitacion).
Todos los escenarios GH causaron una reduccion del rendimiento de maiz en todas laslocalidades: acortandose las duraciones delas
fases fenologicas y reduciéndose el niimero y peso de los granos. El escenano GH de baja sensibihidad produjo un ligero incremento
del rendimiento en la caraota, pero los escenanos GH de media y alta sensibildad produjeron un decremento del rendimiento de
caraota, a pesar de la compensacion parcial por ennquecimiento del CO, atmosfénco. Los aumentos de precipitacion en los escena-
nos GH no tuvieron efecto sobre el rendimiento de maiz porque ninguna de las localidades presenta deficit hidnco; sin embargo, se
debe anotar que los modelos de cultivos usados en este trabajo no incluyen efectos negativos potenciales debidos al exceso de agua.
Los escenarnos DEF produjeron cambios relativamente menores en los rendimientos de ambos cultivos. El aumento de radiacién solar
incremento los rendimientos de maiz en el caso de los cambios relativamente menores de temperatura usados en los escenarios DEF.
Se obtuvo una disminucion del indice de cosecha de caraota para todos los escenanos indicando que el rendimiento es mas sensible
al cambio de temperatura de lo que lo esla biomasa a dicho cambio. Las reducciones potenciales en los rendimientos de maiz y caraota
observados en estas simulaciones se deben principalmnte a los incrementos de temperatura y no a los cambios en precipitacion.

PALABRAS CLAVE: cambio climatico. efecto invemadero, deforestacion, maiz, caraotas, rendimiento, Venezuela.

INTRODUCTION (Maytin ef al. 1995), and for black beans, using the
BEANGRO model (Jaimez et al. 1993).

The research reported here is part of the
Venezuela Case Study of the PAN-EARTH
international project, which attempts to understand
the vulnerabilities of regional agricultural and
ecological systems to global climatic change (Harwell
1993). As a first step of this case study, inter-
disaiphinary workshops evaluated the use of crop
models to assess the impacts of global climate change
on crop vield and developed scenarios of climate

In this paper we summarize the physical and
agricultural characteristics of Venezuela, the
enhanced greenhouse and deforestation climate
change scenarios, the CERES-Maize and
BEANGRO models and the potential effects on the
yield of both maize and black beans.

The physical environment of Venezuela

change associated with nuclear winter, the enhanced
greenhouse effect and Amazonian deforestation
(Robock et al. 1993). The potential impact of the
greenhouse and deforestation scenarios was
subsequently simulated for high yielding corn varieties
grown in Venezuela, using the CERES-Maize model
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Venezuela is located in northernmost tropical
South Amenca, from 0 39’N to 12 12’N and 59
47°W to 73 23’W, (Figure 1), and occupies an area
of nearly one million km?®. Spatial heterogeneity of
environmental conditions is pronounced for this
relatively small area, and is determined by the



ACEVEDO, JAIMEZ, MAYTIN, TONELLA and HARWELL

Caribbean sea, the Amazon basin and the Andes
mountains. These conditions make Venezuela an
interesting case study for assessing the potential
impacts of global climate change in biologically
diverse inter-tropical regions.

The mean annual temperature has a small
seasonal variation but a wide range of spatial
vanation, and 1s as low as 0° C in some areas of the
Andes and up to 28° C in the Maracaibo Lake area.
Precipitation 1s influenced mainly by northeasterly
winds and shifting of the Inter-Tropical Convergence
Zone (ITCZ). Spatial patterns follow a N-S gradient
in three rainfall belts: the Coastal in the north, with
annual rainfall lower than 800 mm, the Orinoco Lia-
nos (plains), with annual rainfall between 1000 and
2500 mm, and the southermn Guayana and Amazon
equatornial belt, with annual rainfall between 1500-
3300 mm (Andressen 1989). Figure I 1llustrates this
spatial gradient for the month of April which
corresponds to the onset of the rainy season.

Seasonality of atmospheric circulation in the
northemn hemisphere determines temporal rainfall
pattems. During the northern hemisphere summer.
the easterlies extend from the surface to the high
troposphere. causing rainfall events in northemn Ve-
nezuela In the plains, the ramy season lasts from
Apnl-May to October-November, with a peak in
July-August (Andressen 1989).

Spatial heterogeneity 1s also exhibited by relief,
geomorphology and soils. The higher parts of the
\enezuelan Andes cross a quarter of the territory in
the SW-NE direction segmenting the Maracaibo Lake
Basin from the Ll/anos of the Orinoco river
(Figure 1). The lower parts of the Venezuelan Andes
and the Coastal range produce a series of valleys in
the northem part of the country. A high proportion of
the agriculturally valuable soils are located in those
valleys, in the plains south of the Maracaibo Lake
and in the western Llanos (Avilan and Eden 1986).

Agricultural systems in Venezuela
Diversity of cultivars, soils, climate and

technology 1s a characteristic of Venezuelan
agricultural systems (Comerma 1989). Cereals
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(maize, rice and sorghum) and oil crops (sesame,
cotton and peanuts) are mainly grown in the plains;
most vegetables, beans, roots and tuber crops are
grown in the Andes and in the valleys of the northem
region; some plantation crops (coffee, sugar cane,
pineapple, oranges) are grown in the valleys of the
northern region, and others (plantain and bananas)
are grown south of Maracaibo Lake.

Cereals provide the most important caloric and
protein input in the Venezuelan diet, and since 1986
occupy the largest area under cultivation, generating
the largest production value. Maize is the cereal with
the largest production and area under cultivation in
Venezuela. Maize-producing areas of Venezuela are
concentrated in the coastal valleys, the central plains,
and the piedmont alluvial western plains. Legumes,
after the cereals, provide the main protein input in
the Venezuelan diet; several types of beans are
important, including black beans which are grown
mainly in the northem valleys. In 1992 maize and
black bean production reached 852,352 and 27,437
metric tons, respectively (MAC 1993).

MATERIALS AND METHODS

Study sites

We selected four sites representative of the two
crops and located in important agricultural regions,
the westem plains and the coastal valleys. For maize
and bean simulations, we selected two sites in the
western plains, Turén (9 15°N, 69 06’W, and 275
m in elevation) and Baninas (8 36' N, 70 12°W, and
189 m 1n elevation). We also selected two sites in
the coastal valleys, Yaritagua (10 05°N, 69 07°W,
and 375 m in elevation) for maize simulations, and
Maracay (10 15'N, 67 39°W, and 436 m in
elevation) for black bean simulations (Figure 1).

Yaritagua and Maracay are cool and sub-
humid sites, with a dry season that lasts five
months (November-March). In contrast, Barinas
and Turen are warm and wet, with a dry season
of only four months duration (December-March).
Coastal influences are more pronounced in
Yaritagua and Maracay.
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Figure 1. Geographical location of study sites, main ciimate regions and April rainfall isolines. Lower left hand side comer:
summary of the daily weather of selected study sites. Lower right hand side comer: relative location of Venezuela and the
ratio of 2xCO,/1XCO, rainfall change as predicted by UKMO.

Soils in Turén are fertile but are often compacted
(Comerma 1989). Soils in Barinas are not as fertile
but have good physical conditions (Hetier ef al.
1989). Those in Yaritagua and Maracay are of
medium fertility and moderate moisture deficiency
(Comerma 1989).

Climate change scenario development

Atmospheric general circulation models (GCM)
have coarse horizontal resolution, especially relative
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to that required for regional and local predictions in
a small and heterogeneous area, such as Venezuela.
For example, only four grid cells of the Goddard
Institute of Space Studies (GISS) GCM (Hansen et
al. 1984) cover all of Venezuela; two of these cells
include both land and sea and simplify relief by
flattening high mountains in the Andes. It is therefore
necessary to scale down the GCM predictions
(Robock ef al. 1993).
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Control runs of four low horizontal resolution
GCMs (UKMO, 5 x7.5 . Wilson and Mitchell 1987;
OSU. 4 x5 . Schiesinger and Zhao 1989; GISS, 7 83
x10 ,Hansenetal/ 1984, GFDL, 4 4 x7 5 , Wetherald
and Manabe 1986) were compared with the observed
monthly temperature and precipitation in January,
Apnil, July, and October for nine 1 x1 cells in Vene-
zuela. There is broad correspondence between the
GCM outputs and spatial patterns of local
chmatology, such as the N-S rainfall gradient, but
the magnitudes of the rainfall are not very well
predicted. The UKMO model was selected for the
greenhouse 2xCO, climate change scenarios, because
the results of the control simulation are closer to the
magnitude and pattem of actual precipitation than
the other models and therefore the 2xCO, simulation
was considered more credible (Robock et al. 1993).
For example, the ratio of 2xCO,/1xCO, rainfall
predicted by UKMO for the month of April 1s given
in the lower right hand comer of Figure 1.

Scenarios used

A total of eight greenhouse scenarios, four for
the dry season (GH1d, GH2d, GH3d, GH4d) and
four for the wet season (GHIlw, GH2w, GH3w,
GH4w) were defined (Table 1). Since UKMO 1s
the most sensitive of the GCMs to CO, changes, its
perturbed results were used to establish an upper
bound or high sensitivity scenario (GH4d and
GH4w). This case was then scaled down to generate
two other sensitivity categories: low (GH1d,GH1w)
and medium. This medium sensitivity case was
broken into one with rainfall increase (GH3d,GH3w)
and one without (GH2d,GH2w), in order to account
for uncertainty of rainfall prediction by the GCMs
(see e.g., Sulzman et al. 1995).

It 1s assumed that solar radiation decreases, due
to increased cloudiness, that the increase in daily
minimum temperature is larger than the increase in
the daily maximum temperature and that the number
of rainfall events increases, but not their intensity,
because in tropical areas only a few rain events
account for most of the monthly precipitation (Riehl
1979). Scenarios based on increases of the frequency
and intensity of severe tropical storms and hurricanes
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were not used because the CERES-Maize and the
BEANGRO models do not simulate the effects of
excess rainfall, i.e., flooding and saturation problems.

For deforestation of the Amazon basin, the
Shukla er al. (1990) coupled atmosphere-biosphere
model was used to derive two altered climate
scenarios, one for the dry season (DEFd) and one
for the wet season (DEFw) (Table 1). The wet season
scenario included changes in temperature, rainfall
and radiation, whereas the dry season scenario only
included changes in temperature.

Precipitation increases in the greenhouse wet
season scenarios were constructed by adding rainfall
days to the baseline climate series, adjoining these
new rainy days to those occurring in the record,
because isolated rainy days are less frequent than
sequences of rainy days. For those days with increased
rainfall, daily solar radiation was decreased
proportional to the change in precipitation; for the
rematning days, radiation was decreased proportional
to half the increase in monthly precipitation (Robock
et al. 1993, Maytin et al. 1995).

Crop models

The CERES-Maize model version 2.10 (Ritchie
et al. 1989a, Jones and Kiniry 1986) and the
BEANGRO model version 1.1 (Hoogenboom et al.
1991) as included in the Decision Support System
for Agrotechnology Transfer (DSSAT) (IBSNAT
1990) were used to simulate the effects of climatic
change on maize and black beans. These models
simulate phenology and yield of different varieties
based on inputs of weather data, soil information
and management practices. They are process-based
models including, for example, development of
vegetative and reproductive units, growth of leaves
and stems, biomass production and partitioning,
However, these models do not simulate the effects
of weeds, diseases, insects, excessive rainfall and
catastrophic events (other than drought).

The CERES-Maize and BEANGRO models
have been extensively used for assessments of
potential impacts of global climate change e.g. inthe
USA (Rutchie e al. 1989b, Rosenzweig 1989, 1990,
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Table 1. Scenarios of climate change used for the crop simulations.

Scenario  Season Max. daily  Min. daily Monthly Radiation with Radiation without
temp. (°C) temp. (°C)  precip. (%)  rain change (%) rain change (%)
DEFw wet +1 +1 -25 +10 +10
DEFd dry +1 +1 0 0 0
GHlw wet +1 +2 0 0 0
GHId dry +1 +2 0 0 0
GH2w wet +2 +3 0 0 0
GH2d dry +2 +3 0 0 0
GH3w wet +2 +3 +20 -20 -10
GH3d dry +3 +4 0 0 0
GH4w wet +3 +4 +40 -40 -20
GH4d dry +4 +5 0 0 0

Peart et al. 1989, Adams er al. 1990). CERES-Maize
has been used i Venezuela (Comerma 1986, 1989)
and in other South Amercan countres (Liu ef al.
1989, Bowen ef al. 1993). These models facilitate
continuing assessment of climate change impacts
within DSSAT (Hoogenboom et al. In press).

Data required by the CERES-Maize model v
210 and the BEANGRO model as implemented in
DSSAT (IBSNAT 1988) include: management
practices (sowing date and depth, planting density,
irngation and fertilization), daily climatic records
(solar radiation, precipitation, maximum and
minimum air temperatures), soil horizon
characteristics (depth, texture, moist bulk density,
organic material content, pH, field capacity and
wilting point, albedo, type of drainage, permeability
and root growth limitations), and genetic
characteristics (crop specific coefficients).

The CERES-Maize’s genetic coefficients are:
duration of the juvenile phase, sensitivity to
photoperiod, duration of kernel filling period,
maximum number of kernels per plant and maximum
rate of kernel filling. BEANGRO’s genetic
coefficients are: night length for minimum floral
induction time, days from the end of the juvenile
period to floral initiation, days for the mnduction
phase, days for the period from first flower
appearance to start of pod growth, days for the
period from first flower appearance to end of
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expansion of last leaf, days of the total reproductive
period, number of trifoliates produced per day, area
of normal leaf, number of pods produced per day,
rate of dry matter accumulation of individual pods,
mean number of seeds per pod and seed filling rate.

Crop management was simulated based on current
cultivation practices in order to explore potential
consequences of climate change on the two crops as
they are currently grown in Venezuela. For example,
maize was planted in the wet season, planting day
varymg from May to June, at a density of 5 plants
m* under rainfed conditions (Maytin er al. 1995),
whereas for beans, simulations corresponded to the
dry season, planting in January, at a density of 19
plants m? and water added at the rate of 25-30 mm
every 7 days to complete a total of 315 mm during the
cultivation cycle (Jaimez ef al. 1993).

Soil water content at planting day was set at
field capacity. Simulations with lower values
reflecting restricted water availability for maize are
reported in Maytin e al. (1995). Nitrogen was
assumed not to be limited and therefore not
simulated; nitrogen deficiency could be enhanced
by increased rainfall and will be addressed in a
subsequent paper.

Calibrations of CERES-Maize used CENIAP
PB8, a hybrid maize cultivar grown in Venezuela
(Maytin et al. 1995); calibrations of BEANGRO
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used the TACARIGUA black bean cultivar (Jaimez
eral. 1993). Values for the genetic coefficients used
for the TACARIGUA cultivar are the same as
PORRILLO SINTETICO. which has been tested
for BEANGRO (Jaimez et al. 1993).

Baseline years and sensitivity analysis

For maize, baseline conditions (i.e., the daily
chimatic data to be perturbed according to each
scenario) consisted of two years of observed weather
for each site, one year with average precipitation
and another year with lower than average rainfall
tMavtin ef al. 1995). For beans, the average of
weather data for five years from each location was
used as the baseline condition (Jaimez et al. 1993).
Chimatic records from stations operated by the Fon-
do Nacional de Investigaciones Agropecuarias
(FONAIAP) and by the Ministry for the
Environment and Renewable Natural Resources

(MARNR) were used.

Sensitivity to systematic changes in air
temperature, precipitation and solar radiation was
analyzed for CERES-Maize (Maytin et al. 1995),
whereas sensitivity to air temperature and
atmospheric CO, was analyzed for BEANGRO
(Jaimez et al. 1993). The CO, concentration was
varied from the baseline value of 330 ppm to 528
ppm (+60%), which represents the CO,
concentration in the pool of greenhouse gases for
equivalent 2xCO, conditions. Rainfall and solar
radiation were not explored for BEANGRO because
the GH scenarios do not include changes in these
parameters during the dry season. The direct effect
of increased CO, concentration on the ecophysiology
of maize was not studied, because studies combining
direct and indirect effects {e.g., Peart et al. 1989;
Rosenzweig 1989, 1990) as well as experimental
data (Rose 1989) indicate that this direct effect is
not as significant in plants with the C4
photosynthetic mechanisms.

This sensitivity analysis showed that the
effects of increasing air temperature on maize
phenology and yield were significant at all sites,
suggesting that temperature is already too high
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for optimal growth of maize at these sites; the
shortest life cycle occurred in Barinas (the
warmest site), while the longest life cycle
occurred in Yaritagua (the cooler site). The
effects of changing precipitation on maize yield
were small at Turén and Barinas, suggesting that
there is no water stress at either of these two
sites. Phenology was not sensitive to rainfall
changes because the phase calculations in
CERES-Maize are a function of only air
temperature. Changes in solar radiation caused
a direct response in maize yield, consistent with
high light-saturation levels of a C4 plant, except
at Turén, suggesting that solar radiation is not
a limiting factor at this site.

Small changes in the duration of phenological
stages of beans were obtained at all sites for the
temperature range explored. Phenology was not
sensitiveto CO,. The BEANGRO sensitivity runs
revealed yield reductions for large temperature
increases, but increases in yield were obtained
for small temperature increases as well as for
increasing CO, concentration. Reduced bean
yields can be attributed to increased water stress
due to high temperatures and resulting high
evapotranspiration rates. Indeed, the yield
reductions are cut in half by unrestricted
irrigation rate at all times during cultivation. The
decrease in photosynthetic rates and the increase
in respiration at high temperatures reduce the
amount of carbohydrates available for allocation
to growth and reproduction (dependent on
temperature in BEANGRO). As temperature
increases, the predicted number of pods and their
weight decreases, the stem/biomass ratio
increases and the allocation to leaves remains
almost constant (Jaimez ef al. 1993).

RESULTS

At all sites and for all scenarios temperature
increases shortened the phenological phases of
maize, including the time from emergence to
physiological maturity and the duration of the
kemel-filling phase. The phase shortening was less
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pronounced for the deforestation scenaro and more
so for the greenhouse scenarios (Figure 2) because
temperature is the only factor determining phase
duration in CERES-Maize. This formulation also
explains why the changes in the duration of the
phenological stages obtained for GH2w and GH3w
were the same in spite of the different values of
precipitation and radiation used in these scenarios.

Greenhouse scenarios caused a decrease in maize
yield at all sites, but the impact was slightly larger in
Barinas. The deforestation scenario increased yield
slightly for the average baseline year in Bannas, but
not in Turén or Yantagua. The reductions of yield
were greater for perturbed runs corresponding to
average baseline years (i.e., average rainfall) than
those corresponding to dry baseline years (1.e., lower
than average rainfall), except in Turén (Figure 3).
Increased rainfall in scenanos GH3w and GH4w does
not have an effect on maize yield because there 1s
sufficient rainfall under baseline conditions, and
because the simulations assume planting with soil
water at field capacity.

All GH scenarios produce a decrease of number
and weight of the maize kemels; scenarios with
decreased solar radiation (GH3w and GH4w)
resulted in larger reduction of number of kemnels
than reduction of kemel weight (Figure 4). This
result suggests that current solar radiation in these
sites may not be adequate for achieving optimal
number of kernels. The deforestation scenario
resulted in slight increase of number of kemels for
the average baseline year and a slight decrease for
the dry baseline year (Figure 4a).

BEANGRO simulations show black bean yield
reductions with increasing temperature for all
scenarios, except for the low sensitivity GH1d
scenario (Figure 5). Yield decreases significantly
for the medium and high sensitivity scenarios,
especially for the GH3d and GH4d scenarios. These
results indicate that simulated CO, enrichment can
compensate only partially for yield reduction at
higher temperatures. The DEFd scenario also
reduces yield due to increased temperatures due to
the absence of CO, enrichment compensation under
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this scenanio. Decrease in yield in Turén was slightly
larger than in Baninas and Maracay (Figure 5a).

Increasing temperature always reduces the
harvest index (ratio of yield to total biomass) of
black bean, even for low temperature increases.
Changes in the number of days elapsed to maturity
are small; the low sensitivity GH scenano produced
small increments in the number of days to flowering,
except at Turén (which 1s the warmest site). As
mentioned in the previous section, increasing
temperature reduces the number of pods and thereby
affects the vield (Jaimez et al. 1993).

DISCUSSION AND CONCLUSIONS

The duration of the phenological stages of maize
were affected by temperature and not by
precipitation and radiation, because temperature is
the only factor determining those durations in
CERES-Maize. Previous modeling work has shown
increasing temperatures to have a negative effect
on modeled maize yield because of the decrease in
the duration of the life cycle (Curry et al. 1990,
Peart et al. 1989).

Reductions of the total number of kemels for
scenarios with decreased solar radiation indicates
that current solar radiation in these sites may not be
adequate for achieving optimal number of kemels.
This possibility is further supported by the slight
yield increase under the deforestation scenario, for
which the increased number of kemels due to
increased solar radiation compensates for the
shortening of the grain-filling time induced by
thermal stress.

The assumption of planting with soil water at
field capacity could mask some of the potential effects
of changes in rainfall and should be modified in future
work in order to cover a wider range of potential
effects of rainfall change, especially if scenarios with
decreased rainfall are considered to be plausible.

The CERES-maize model does not simulate
excess water problems in maize cultivation. At the
drier site, Yaritagua, the deforestation and the
greenhouse scenarios with temperature changes only



ACEVEDO, JAIMEZ, MAYTIN, TONELLA and HARWELL

Effects on Maize Phenology
Average Baseline Year

Change in time to physiological maturity
%

v

-5 —

-10

-16

[ L

20 | il |
DEFw GHiw GH2w GH3w GH4w
Scenarios

Barinas Turen Yaritagua
a - < -

Change in grain filling time
%

0

N
W TS

e

-20 Y ‘ \
DEFw GHiw GH2w GH3w GH4w
Scenarios

Barinas Turen Yaritagua
b * -+ -

Figure 2. Impact of climate change. caused by the enhanced greenhouse effect and deforestation, on the phenology of maize
at Bannas, Turén and Yaritagua. Changes, in % with respect to average baseline year, of the time to reach physiological

matunty (a) and of the grain filling time (b).

(GH 1w and GH2w) could cause decrease of maize
vield due to water deficit.

Only the indirect effects of increasing CO,, 1.e.
global climatic change, were estimated in the maize
simulations The direct effects of increasing
atmospheric CO, on plant ecophysiology, 1.e. increased
photosynthetic rate and water-use efficiency, were not
simulated for maize because these direct effects may
be small in plants with C4 pathways and may be
constrained by other environmental or biological
hmiting factors, but this remains a controversial issue
{eg.. ldso and Idso 1994 vs Bazzaz 1990. Fajer and
Bazzaz 1992, Diaz et al. 1993).

The increase in bean yield for the low sensitivity
GH scenario 1s achieved by simulated CO,
enrichment overcompensating for yield reduction at
these small temperature increments. Significant bean
vield decreases for medium and high sensitivity GH
scenarios indicate that, even when assumed to
increases photosynthetic rates, CO, enrichment can
compensate only partially for yield reduction at
higher temperatures.
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Also, reductions of modeled black bean harvest
index with increasing temperatures suggest that bean
yield is more sensitive than biomass to increases in
temperature. A reduction of the number of pods by
increasing temperatures seems to be the main
factor affecting bean yield.

Bean yield reductions are smaller than those of
maize for the low sensitivity GH scenario, due to
simulated CO, enrichment compensation in beans
for small temperature increases. But bean yield
reductions are more pronounced than maize yield
reductions for medium and high sensitivity scenarios.
The pronounced reductions of bean yield are also
due to increased water demand, at higher
temperatures, which is not met by the simulated
irngation schedule.

The results presented here should not be
interpreted as «predictions» of maize and black bean
yield under future climatic conditions, but rather as
an assessment of the potential vulnerability of these
crops, as cultivated in Venezuela, to a reasonable
range of future climate scenarios for the region.
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The results of this study suggest that maize and
bean yields in Venezuela could potentially be reduced
by climate chages induced by an enhanced greenhouse
effect and Av azon deforestation. The response of the
crop models used here, suggest that the potential
reductions n yield will most likely be due to increasing
temperatures and not to rainfall changes.

As used here, the crop models did not include
nutrient limitations, erosion, chemical changes in the
soils, pests and weeds, therefore, it is possible that
the estimated reductions in yield are underestimated.
The effect of temperature and solar radiation changes
as well as precipitation decreases can be examined
with the crop models used, but the total effect of
precipitation mcreases cannot be inferred because of
the current 1nability of these crop models to treat
excess rainfall . Incorporating effects of excess rainfall
is needed n order to improve future analyses. Another
model which could be used in these assessments is
the Erosion Productivity Impact Calculator (EPIC,
Wilhiams ef al. 1990). This model has been recently

used for the assessment of climate change effects on
crop vields in the Missouri-lowa-Nebraska-Kansas
region (MINK, Easterling e al. 1991) of the USA.

High resolution GCM’s (Houghton et al. 1990,
1992) indicate that the set of GH scenarios employed
here may need expansion: for example. the UKMO
high resolution model (2.5 x 3.75 ) predicts that
precipitation may decrease by 30-60% during the
wet season and 0-50% during the dry season, with
temperature increased by 2-4 C for both seasons.
The medium sensitivity GH3d scenario best match
the high resolution UKMO 2xCO, temperature
increase. Our scenarios include an increase of
precipitation rather than a decrease; this difference
1s not so important for the dry season scenarios, but
may become important for the wet season scenarios
(e.g. GH3w). Rainfall decreases could be
incorporated in a expanded set of plausible
scenarios. However, it should be emphasized that
we are not using the GCM predictions to drive the
crop models but as input to the development of a set

Effects on Maize Yield
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lmpact of climate change, caused by the enhanced greenhouse effect and deforestation, on the yield of maize at
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Effects on maize kernels
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Pigure 4. Impact of climate change, caused by the enhanced greenhouse effect and deforestation, on the number (a) and
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Effects on black bean
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Figure 5. Impact of climate change, caused by the enhanced greeenhouse effect and deforestation, on the yield (a) and harvest
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of plausible scenarios which could bound the range
of potential crop responses to climate change.

The sites examined here are important
representatives of maize and bean cultivation in
Venezuela, but they do not account for all
producing areas in the country. Extrapolation to
larger spatial scales requires examination of a
multitude of soil-climate combinations. Computer
simulation runs to cover a larger number of sites
inthe Llanos region are currently underway in the
PAN- EARTH project.

Expanding the assessment to other crops
would contribute to a more comprehensive
assessment. Unfortunately, models and data for
calibration are not readily available for other
important crops in Venezuela.

The social and economic implications of the
potential impacts of global climate change on yield
of staple crops have not been the emphasis of this
case study. However, relationships between
agricultural policy and impacts of global change
need to be analyzed (e.g., Tolba 1991, Alcamo
eral. 1994). Awareness of potential effects of climate
change could help to plan and implement policies
that could allow food production to meet the long
term demand.
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