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ABSTRACT: Outputs from 5 general circulation models (GCMs) were analyzed in order to evaluate 
their performance for estimating future climate conditions m the temperate zone of southeastern South 
America (24" to 38's and 50" to 65'W). The GCMs analyzed were: GISS (Goddard Institute for Space 
Science), GFDL-R30 and GFDL 1 % (Geophysical Fluid Dynamics Laboratory). UKMO (United King- 
dom Meteorological Office), and CCCM (Canadian Climate Center Model). The variables under study 
were mean monthly temperature and mean daily precipitation. The degree to which the models repre- 
sent current climate was estimated by comparing model outputs with observed climate values for the 
1951 to 1970 period by means of a correlation analysis. The temperature values estimated by the mod- 
els showed a good fit with the observed values. However, fitting of precipitation values was not statis- 
tically significant. This study was carried out withln the framework of the Uruguay Climate Change 
Country Study as a basis for assessing the impact of climate change on the agricultural sector. 
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1. INTRODUCTION 

Since the 19th century, emissions of carbon dioxide 
(COz) and other greenhouse gases to the atmosphere 
have increased as a result of industrial and agricultural 
activities. I t  is foreseen that the steady increase in the 
atmospheric concentration of greenhouse gases will 
affect climate, although there are uncertainties as to 
the magnitude of such changes. 

An increase in global surface temperature is pro- 
jected by general circulation models (GCMs) as one of 
the main effects of anthropogenic greenhouse gas 
emissions. The rise in mean global temperature is esti- 
mated to be 1.5 to 4S°C within the next 100 yr, at a rate 
of approximately 0.2 to OS°C per decade (IPCC 1990). 

GCMs are mathematical representations of the 
atmosphere, oceans and ice movements and of their 
interactions, which include a wide range of physical 
processes that characterize climate. These models pro- 
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vide simulations of current and future climate condi- 
tions, and allow for the quantification of the effects of 
increased greenhouse gas concentrations on climate. 

Models simulate the formation of clouds, solar radia- 
tion, distribution and amount of precipitation, wind 
direction and intensity, temperature at the surface and 
at selected levels in the atmosphere, and surface pres- 
sure. In addition to atmospheric processes, changes in 
oceanic circulation, polar ice caps and land cover are 
also considered by such models. 

Even though a large number of variables are han- 
dled by climate models, an accurate description of the 
climate system has not been achieved as yet due to the 
long processing time required. The low resolution of 
the models has only recently been improved. 

The GCMs used during the 1980s had a horizontal 
resolution of 600 to 950 km, while that of some models 
currently available is of 350 km (Jenne 1992). 

Outputs from 5 GCMs were analyzed during the 
present study. Model outputs were compared with 
observed regional climate for the 1951 to 1970 period. 
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Table 1 Resolution and temperature sensitivity of the differ- 
ent GCMs used 

Model Resolution Sensitivity 
(lat. X long.) ("C for 2xC02) 

GISS 7.83" X 10.0" 4.2 
GFDL-R30 2.22" X 3.75" 3.2 
GFDL 1 % 4.44" X 7.50" 
UKMO 2.50" X 3.75" 3.5 
CCCM 3.75" X 3.75" 3.5 

9 levels in the atmosphere. It is a 30-wave spectral 
model, which does not have a diurnal cycle. 

The GFDL l % model (Manabe et  al. 1991) is a tran- 
sient model. It has a low horizontal resolution. The 
ocean has a better resolution in longitude than in lati- 
tude. The model has 9 levels in the atmosphere and 12 
in the ocean; the bottom ocean level is 5 km deep. The 
ocean dynamics are better represented in this model 
than in the GFDL-R30 model. 

The UKMO model (Wilson & Mitchell 1987) has high 
horizontal resolution, 11 levels in the atmosphere plus 
the surface, and a diurnal cycle. The model allows for 
the simulation of cloud water content and the develop- 
ment of convective clouds. It has a Q flux slab ocean. 

The degree to which simulated mean monthly tem- 
perature and mean daily precipitation values repli- 
cated observed data was estimated. The 
study area included Uruguay, the southern 6- 
part of Brazil and the eastern part of 
Argentina. 

This analysis, performed within the frame- 
work of the Uruguay Climate Change Coun- 
try Study, was used as a basis for assessing 
the impact of climate change on the agricul- . . -.. -. . -.. / - - -__  
tural sector. E - -_  -. * - - - - ;..,:."'' 
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2. METHODOLOGY 

The GCMs analyzed were provided by 
NCAR (National Center for Atmospheric Re- 
search, Boulder, CO, USA) to the Uruguay 
Climate Change Country Study through the 
U.S. Country Studies Program. They include 
the GISS (Goddard Institute for Space Sci- 
ence), the GFDL-R30 and GFDL 1 % (Geo- 
physical Fluid Dynamics Laboratory), the 
UKMO (United Kingdom Meteorological 
Office), and the CCCM (Canadian Climate 
Centre Model). 

The horizontal resolution and sensitivity of 
each model is indicated in Table 1. 

The GISS model (Hansen et al. 1983,1988) 
has a diurnal cycle, with low horizontal 
resolution, 9 levels in the atmosphere and 
13 levels in the ocean. It has a Q flux energy 
exchange system to improve simulation of 
the interaction between the ocean and sea 
ice. Ocean water temperatures and ice cover 
are computed on the basis of an hour-by- 
hour energy exchange with the atmosphere, 
the ocean heat transport and the ocean sur- 
face-layer heat capacity. It uses the so-called 
slab ocean, a simple ocean not more than 
65 m deep. 

The GFDL-R30 model (Stouffer et al. 
1989) has a high horizontal resolution and 

P CLIMATE - - - - - -  - CCCM - - . GFDL1 % 

GISS - UKMO ...,..,,. GFDL-R30 

Fig. 1 GCM-generated precipitation data and observed values at 30°S 
latitude. 55" W longitude. for the 1951 to 1970 period 
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P CLIMATE ---....-- CCCM - - GFDL1 % 
- - - -  GISS - UKMO ,,..,,.,, GFDL-R30 

Fig. 2. GCM-generated precipitation data and observed values at 35"s  
latitude. 55" W longitude, for the 1951 to 1970 period 
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The CCCM is a high resolution model. I t  
has 10 levels in the atmosphere and a 50-m- 
deep slab ocean and uses a Q flux system. It 
has a relative humidity scheme for develop- 
ment of clouds and a diurnal cycle. 

Climate data from 1951 to 1970 provided as 
grid point values by NCAR, were used. The 
temperature and precipitation data were 
obtained from Taljaard et al. (1969) and 
Schutz & Gates (1971, 1972). These values 
were compared and completed with avail- 
able information for the same period col- 
lected at the 'Direccion Nacional de Meteo- 
rologia' weather stations (DNM 1971). The 
selected study period was considered not to 
be affected by climate change. 

The model outputs were displayed and 
analyzed as grid values using the GrADS 
program (Gridded Analysis and Display 
System) produced at the University of Mary- 
land (Kinter & Doty 1994). Global grid 
fields may be displayed and then a spe- 
cific region selected, with varying spatial 
resolution. 

A correlation analysis was carried out for 
estimating the consistency between the 
observed and simulated temperature and 
precipitation data. 

3. RESULTS AND DISCUSSION 
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CLIMATE .--....-. CCCM - - - GFDL1 % 

GlSS - UKMO ..,,..,,. GFDL-R30 

Fig. 3. GCM-generated temperature data and observed values at 30" S 
latitude, 55" W longitude, for the 1951 to 1970 period 

Figs. 1 & 2 display the precipitation values 
generated with the GCMs for 30" and 35"s 
latitudes and 55" W longitude, as well as the 
observed values, for the 1951 to 1970 period. 

Figs. 3 & 4 display the temperature values 
generated by the CCMs for 30" and 35" S lat- 
itudes, 55OW longitude, as well as the ob- 
served data, for the 195 1 to 1970 period. 

The temperature values generated by the 
models are consistent with the observed val- 
ues. However, simulated precipitation values are erratic 
and in some cases much lower than the observed value. 

The spatial distribution of simulated mean annual 
temperature and mean daily precipitation is shown in 
Figs. 5 & 6 respectively. As mentioned above, the tem- 
perature model outputs give an accurate representa- 
tion of the observed temperature pattern, while precip- 
itation outputs differ from the observed data both in 
magnitude and spatial distribution. 

Values of the linear correlation coefficients (r) 
between estimated and observed values for tempera- 
ture and precipitation are presented in Table 2. The 
coefficients are highly significant with regard to tem- 
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CLIMATE -.-..... CCCM - . - . GFDLl % 

GlSS p UKMO S GFDL-R30 

Fig. 4. GCM-generated temperature data and observed values at 35's 
latitude, 55" W longitude, for the 1951 to 1970 period 

perature for all models, but not significant for precipi- 
tation. 

The results of this study are consistent with findings 
from studies carried out in other regions of Latin Amer- 
ica (M. Nunez pers. comm., C. Conde pers. comm.) in 
that the different models provide a much more accu- 
rate simulation of temperature than of precipitation 
patterns. This is due to the fact that temperature is, in 
the long run, strongly influenced by the global energy 
balance and is therefore better simulated by the mod- 
els than precipitation, which is determined by smaller- 
scale factors (regional to local) not handled by the 
models. 
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Fig. 5. Comparison between (a) the distribution of mean annual temperature values estimated by the UKMO model and (b) the 
observed temperature pattern. Values in 'C 

iig. 6. Comparison between (a) the distribution of mean daily precipitation values estimated by the GISS model and (b) the 
observed precipitation pattern. Values in mm 

4. CONCLUSIONS 

GCMs accurately simulate temperature for the study 
region. This is reflected by the highly significant corre- 
lation coefficients obtained between the observed and 
the simulated values. Although the outputs of different 
models were not compared, there seem to be no signif- 
icant differences among them. In spite of this, all 
models tend to overestimate the amplitude of the 
annual temperature cycle. The climate conditions in 
the study region are  best represented by the UKMO 
model (Fig. 5 ) .  

The reliability of precipitation simulations for the re- 
gion is much lower than in the case of temperature. 
This is due,  firstly, to the fact that precipitation is indi- 
rectly affected by a large variety of processes, many of 
which are  not resolved by the model grid. Modelling 

thus becomes a much more complex process. Secondly, 
precipitation changes are  relatively minor compared to 
natural global variability, and are  therefore much more 

Table 2. Correlations between simulated and observed tem- 
perature for the 1951 to 1970 period "Significant values (p < 

0.01) 

Model Temperature Precipitation 
30" S lat. 34" S lat. 30" S lat 34" S lat. 

GISS 0.98" 0.98" -0.23 -0 30 
GFDL-R30 0.97 " 0.98. 0.31 0.08 
GFDL l % 0.98" 0.99" 0.03 0.32 
UKMO 0.98" 0.98" 0.33 -0.13 
CCCM 0.97" 0.98" 0.32 -0.83 
Observed 1.00 1.00 1-00 1-00 
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difficult to detect during a relatively short monitoring 
period (IPCC 1990). Model simulations of precipitation 
are more accurate for temperate regions than for high 
latitude zones. The frontal rains are better simulated by 
the models than the scattered precipitation associated 
with mesoscale convective processes. The latter are not 
considered by any of the models. 

It  is concluded that temperature can be accurately 
simulated by any of the models under consideration. In 
contrast, models are not useful when the aim is to esti- 
mate precipitation values for the region. The applica- 
tion of methods such as 'Perfect Prog' or downscaling is 
likely to improve precipitation sirnulations. 

LITERATURE ClTED 

DNM (Direccion Nacional de Meteorologia) (1971) Estadisti- 
cas climatologicas 1946-1970. Direccion de  Climatologia 
y Documentaci6n, Montevideo 

Hansen, J ,  Fung I ,  Lacis A, h n d  D,  Lebedeff S, Ruedy R, Rus- 
sel G, Stone P (1988) Global climate changes as forecast 
by Goddard Institute for Space Science three-dimensional 
model. J Geophys Res 93:9341-9364 

Hansen J ,  Russell G, Rind D, Stone P, Lacis A, Lebedeff S, 
Ruedy R,  Travis L (1983) Efficient three-dimensional 
global models for climate studies: Models I and 11. Mon 
Weather Rev III:609-662 

IPCC (1990) Climate change: the lPCC scientific assessment. 
Houghton GJ, Jenkins JJ ,  Ephraums J J  (eds). Cambridge 
University Press, Cambridge 

Jenne RL (1992) Cllmate model description and impact on ter- 
restrial climate. In: Majumdar et al. (eds) Global climate 
change: implications, challenges and mitigation. NCAR, 
Boulder, CO 

Kinter J ,  Doty B (1994) GrADS (Gridded Analysis and Display 
System). University of Maryland, Baltimore 

Manabe S, Stouffer RJ, Spelrnan MJ, Bryan K (1991) Tran- 
sient response of a coupled ocean-atmosphere model to 
gradual changes of atmospheric carbon dioxide. Part I: 
Annual mean response. J Clim 4:785-818 

Schutz C, Gates WL (1971) Global climate data for surface, 
800 mb, 400 mb: January. Report R-915-ARPA, Advanced 
Research Projects Agency, Rand Corporation, Santa Mon- 
ica, CA 

Schutz C, Gates WL (1972) Global climate data for surface, 800 
mb, 400 mb: July. Report R-1029-ARPA, Advanced Research 
Projects Agency, Rand Corporation, Santa Monica, CA 

Stouffer RJ, Manabe S, Bryan K (1989) Interhemispheric 
asymmetry in climate response to a gradual increase in 
the atmospheric COz. Nature 342:660-662 

Taljaard JJ ,  Van Loon H, Crutcher HL, Jenne RL (1969) CB- 
mate of the upper air. Southern Hemisphere 1 Tempera- 
tures, dewpoints, and heights at selected pressure levels. 
NAVAIR 50-1C-55, Chief of Naval Operations, Washing- 
ton, DC, p 135 

Wilson CA, Mitchell JFB (1987) A doubled CO, climate sen- 
sivlty experiment with a global climate model including a 
single ocean. J Geophys Res 92:315-343 




