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IMPACTS OF CLIMATE CHANGE IN SOUTH AMERICA: MEAN FIELDS AND VARIABILITY
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1. INTRODUCTION

'South America (SA) comprises a diversity
of climatic regimes thanks to its large latitudinal
range that extends from the tropical Northern
Hemisphere (NH) to the high latitudes of Southern
Hemisphere (SH). Besides, there is influence of
very outstanding topographic features, such as the
Andes Mountains. The strong and extensive
tropical convection over the continent during the
SH summer originates a strong tropospheric heat
source that has important influence on the
climatological  atmospheric  circulation.  The
variability of this heat source can generate
significant circulation anomalies in the NH and SH
(e.g., Grimm and Silva Dias 1995). Therefore, it is
of interest to verify: i) how models used in
simulations of climatic change reproduce different
aspects of the present-day climate in SA, ii) what
are the climatic changes predicted by them for the
continent under scenario of increased emission of
greenhouse gases, and iii) what are the inter-
model differences in the patterns of these
changes. Therefore, in the present study we focus
on the ability of several models in reproducing the
main climatological features of SA precipitation as
well as on the diversity and common features of
the climate change scenarios projected by them.

In this study we also broach another
aspect of climate change: does it affect important
modes of precipitation variability?

2. DATA AND METHODS

The present-day climate simulations
(1961-1990) and climate change scenarios (2071-
2100) were obtained from three coupled ocean-
atmosphere general circulation models (OAGCM)
and two atmospheric general circulation models
(AGCM), listed in Table 1.

In spite of several differences in physics
and resolution, these models have some common
elements. ECHAM5 is a newer version of
ECHAM4 and was run with higher resolution. The
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AGCMs are driven by observed sea surface
temperature (SST) for the period 1961-1990, and
by anomalous SST obtained from the HadCM3
model for the period 2071-2100, added to
climatological observed SST. HadAM3P is a state-
of-the-art global high resolution model, with
improvements over the parent coupled model,
HadCM3. The analyzed climate change scenarios
correspond to the emission scenario IPCC-SRES
A2 (category high, Nakicenovic et al., 2000). Some
simulations for scenario B2 (medium-high) were
also analyzed (not shown), and the differences in
the projected climate changes were essentially
quantitative.

Climate change is here defined as the
difference between the climatology predicted by
the models for the enhanced emission scenario A2
in the period 2071-2100 and the climatology
reproduced by them for the observed
concentration of gases and aerosols in the period
1961-1990. The latter period is also used for the
validation of the models’ performance, carried out
by comparing the models’ climatology with that
obtained from the University of Delaware data set
(Legates and Willmott 1990).

3. RESULTS AND DISCUSSION
3.1. Climate change: mean precipitation fields

The models are able to reproduce
important features of the precipitation annual cycle
over SA, such as the migration of precipitation
from northern SA into the subtropics during the
spring and early summer, and subsequent
withdrawal during late summer and early autumn,
so that winter is the dry season over most of the
continent. There are, however, significant inter-
model differences in their ability to reproduce the
observed precipitation climatology in its more
specific aspects. This ability is even seasonally
dependent, for different models present the best
performance in different seasons (Figures not
shown).

In spite of the common elements in the
models, their responses to increasing greenhouse
gases and aerosols show great diversity in the
tropical region, especially in summer and autumn

(Fig. 1).
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In summer, there is a great difference
between the projections produced by models that
share common dynamical features but have
different resolutions. Models ECHAM4-OPYC3 and
ECHAMS5-OM project very different precipitation
changes for central-east and northeast Brazil. The
main difference in HadCM3 and HadAM3P
projections resides in a northwest-southeast band
of increased precipitation across SA in HadAM3P,
which is not predicted by HadCM3. This band is
also not present in CCM3 output. There is not
much convergence between the models, especially
in the tropical regions with high observed
precipitation rates. On the other hand, there are no
outstanding discrepancies regarding southeastern
SA: most of the models project a weak increase of
precipitation in this region.

The differences between climate change
scenarios observed in summer are also present in
autumn. The projected increase of precipitation in
southeastern SA is stronger than in summer, while
in the southern Andes Mountains there is a
consistent tendency to reduction.

There is more convergence in spring and
winter (Figures not shown). Most of the models
indicate decrease of precipitation in most of the
Amazon region, with the exception of its western
part. Also in these seasons there are consistent
indications  of increased  precipitation in
southeastern SA and reduction in southern Andes.

3.2. Climate change: precipitation variability

To verify if climate change affects
precipitation variability and its connection SST we
analyzed the output of the coupled AOGCM
ECHAMS5-OM. EOF analysis was performed on the
model precipitation in the periods 1961-1990 and
2071-2100. The first principal component series for
each period was correlated with global SST
produced by this coupled model. We will focus on
the results for spring, which is the season with
strongest ENSO impact on subtropical South
America precipitation. (Grimm 2000, 2003).

The main feature of the first mode of spring
precipitation variability in the model is a north-
south dipole of anomalies (Figure 2, top). It is
significantly associated with EI Nifio-Southern
Oscillation (ENSO), as shown in the SST
correlation map. It explains 20.7% of the variance.
The first mode of observed precipitation (Figure
not shown) also features a dipole, but the northern
center is over northeastern SA, while the maximum
variability in the model is extended westward, over
central Amazonia. The southern center is placed
over southeastern SA, which coincides with the
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observed features. The impact of ENSO events on
this region in spring is strong and consistent. The
series of factor scores for the model data (Figure
2, top) does not reproduce the series for observed
data in which known El Nifio (La Nifa) events
correspond to positive (negative) values. Half of
these events are represented by values of
opposite sign in Figure 1. This means that the
model reproduces an ENSO-like variability, but the
extreme events of the oscillation do not coincide
with the observed ENSO events.

The enhanced emission scenario modifies
the spatial pattern of the first variability mode of
spring precipitation by enhancing the northern
center of the dipole and weakening the southern
center (compare Figures 2, top and bottom). The
temporal series of the factor scores shows a
positive tendency during 2071-2100 (Figure 2,
bottom), which indicates a tendency to less
precipitation in Amazonia and more precipitation in
southeastern SA. This is consistent with the
climate change projected by this model for spring
(Figure not shown). This mode explains 26.4% of
the variance. The correlation between this mode
and SST under A2 scenario is much weaker in
eastern equatorial Pacific as well as in the
subtropics. The significant correlation pattern is
shifted westward. This and the weakening of the
anomaly center in southeastern SA mean that the
connection between SST anomalies in eastern
Pacific and southeastern SA precipitation is
reduced.

The impact of ENSO is established
through perturbation of the Walker circulation over
Amazonia and through Rossby wave propagation
from eastern Pacific over southeastern SA. It is
suggested that the basic state conditions for this
propagation are less favorable in the climate
change scenario. The weaker latitudinal SST
gradient in subtropical South Pacific might, for
instance indicate a decrease in the subtropical
westerly jet, which reduces the southward
propagation of these waves. A broader tropical
correlation pattern extending into the subtropics
might explain the stronger components in
Amazonia, as the corresponding SST anomalies
could produce stronger anomalies of Walker
circulation over this region, but the southeastward
propagation of Rossby waves might be affected by
the circulation changes produced by SST warming
in the extratropics. The westward shift of the
northern center of precipitation anomalies in Fig. 2
(bottom) might be associated with the westward
shift of SST anomalies associated with ENSO over
the equatorial Pacific, when compared to the
correlations with SST in present-day climate (Fig.
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2, top). Another outstanding feature of the
correlation patterns of PC1 with SST for 2071-
2100 is the absence of significant correlations in
the tropical Atlantic Ocean, which are present in
the period 1961-1990.

4. CONCLUSIONS

The models are able to reproduce the
basic features of the precipitation annual cycle
over South America, but there are significant inter-
model differences in their ability to reproduce some
aspects of seasonal precipitation climatology.

While there is great diversity between
climate change scenarios in tropical South
America, especially in summer and autumn, there
is consistent indication of small increase of
precipitation in southeastern South America in all
seasons and of small reduction in the southern
Andes Mountains from autumn through spring.

The first mode of model precipitation
variability in spring is associated with El Nifo-
Southern  Oscillation  (ENSO). This mode
corresponds, with some differences, to the first
variability mode of observed spring precipitation,
which is also associated with ENSO. The strong
relationship between ENSO events and
precipitation variability in southeastern South
America weakens for the A2 scenario. This
indicates that either ENSO events will weaken or
the relationship weakens due to a different
atmospheric basic state.
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Centers Model Reference Grid
~2.813° x
Max Planck Institute flir Meteorologie ECHAMA4-OPYC3 Stendel et al. (2000) 2.813°
Hadley Centre for Climate 2.5° x
Prediction and Research HadCM3 Gordon et al. (2000) 3.75°
Roeckner et al.(2003) 1.875° x
Max Planck Institute fiir Meteorologie ECHAMS5-OM Marsland et al. (2003) 1.875°
Hadley Centre for Climate Jones (2005) 1.25° x
Prediction and Research HadAM3P Rowell (2005) 1.875°
1.0° x
Community Climate Model CCM3 http://www.dmi.dk/ 1.25°

Table 1. List of models that generated the simulations analyzed in this study.
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Figure 1. Climate change scenarios for summer and
autumn, projected by each model included in this
study (Table 1).
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Figure 2. (Top) Factor loadings and factor scores of the first EOF of simulated spring precipitation in the
period 1961-1990, and correlation coefficients between factor scores and SST. (Bottom) Same as above,
for the period 2071-2100. Correlation coefficients significant to a level better than 0.05 are shaded in
yellow/orange (positive) and blue/purple (negative).
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