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1. INTRODUCTION 
 
During the last years, many authors discussed low-level 
circulation changes both at regional and global scales. 
For example, at regional scale, some results show a 
southward shift of the South Atlantic high (Camilloni, 
1999; Camilloni et al. 2005), a displacement to the 
south of the regional atmospheric circulation over 
Southeastern South America (Barros et al. 2000) and an 
enhancement of the easterly winds during the summer 
months over the Río de la Plata estuary (Simionato et 
al. 2005). These regional trends seem to be part of a 
more general hemispheric behaviour. Gibson (1992) 
showed a poleward shift of 3° of latitude on the 
maximum wind at 500 hPa in the 1976-1991 period. 
Van Loon et al (1993) calculated the latitude of the 
zonally averaged subtropical ridge over the Southern 
Hemisphere, finding a 2° trend over the 1976-1990 
period. More recently, Gillett et al (2003) using outputs 
from four Global Climate Models (GCM) experiments 
found that the global pattern of the December-February 
sea level pressure (SLP) trends during the 1948-1996 
period can be attributed to the growing global 
atmospheric concentration of greenhouse gases and 
sulphate aerosols. The SLP observed pattern shown by 
Gillet et al (2003) has predominantly positive trends at 
the 30º-45° latitude band of the Southern Hemisphere, 
and a trend of more than 2 hPa in the South Atlantic, 
off of the Argentine coast. 
The objective of the present work is to evaluate the 
ability of a set of global climate models available for 
the preparation of the Fourth Assessment Report (AR4) 
of the Intergovernmental Panel on Climate Change 
(IPCC) to represent the predominant patterns of SLP 
over an extense region of the Southern Hemisphere that 
comprises Southern South America and the South 
Atlantic and South Pacific oceans. Additionally, those 
models with good representation of the dominant 
regional patterns were selected to analyze future 
scenarios. Predominant patterns of SLP and their 
evolutions were analyzed under two SRES scenarios. 
Differences between the forcing of these scenarios are 
mainly given in terms of atmospheric concentrations of 
greenhouse gases, ozone and aerosols. (*) 
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2. DATA AND METHODOLOGY 
 

This analysis is based on monthly mean SLP fields 
corresponding to NCEP/NCAR reanalyses and a set of 
GCMs over  an area between 20°S-45°S and 130°W-0°. 
Two different periods were studied: one associated 
with present climate between 1978 and 2000, and the 
other associated with future climate, between 2001 and 
2100. The relatively short period  used to represent the 
present climate was selected because the reanalyses are 
more representative of real data over the oceanic areas 
only after 1978 when satellite data began to be fully 
used (Sturaro 2003).  
The set of  GCMs analyzed is  available through the 
Program for Climate Model Diagnosis and 
Intercomparison (PCMDI) for the preparation of the 
IPCC-AR4. These models are coupled between ocean 
and atmosphere with different number of vertical levels 
in the atmosphere component which varies between 9 
in CNRM-NM3 and 38 in UKMO-HadGEM1. The 
spatial resolution of this models varies between  1.25° 
and 4.0° in latitude and 1.875° and 5.0° in longitude. 
The evaluation of the simulations of present climate 
was done using Climate of the 20th Century (20C3M) 
experiments; the scenarios A1B and A2 were used for 
the period 2001-2100. Table 1 presents a list of the 
analyzed models, indicating the institution where it was 
generated, the name of the experiment, the number of 
available simulations and the corresponding period 
analyzed.   
The identification of the dominant SLP patterns over 
the selected region was performed through a T-mode 
Varimax Rotated Principal Components Analysis 
(PCA) using the NCEP/NCAR reanalyses and the 
outputs from some selected models using the 
correlation matrix as input (Green et al.1978).  
To evaluate the ability of the GCMs listed in Table 1 to 
represent the “observed” SLP fields, linear spatial 
correlation coefficients between monthly mean SLP 
fields derived from the NCEP/NCAR reanalyses and 
from GCMs were computed. Likewise, linear 
correlation coefficients between the PCs derived from 
the NCEP/NCAR reanalyses and from the GCMs 
outputs were calculated. Because of the different 
resolutions of the models, it was necessary to regrid 
SLP model outputs to the NCEP/NCAR reanalysis grid.    
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EXPERIMENT  

MODEL INSTITUTION Climate of the 20th 
Century (20C3M) 

SRES A2 experiment 
(850 ppm stabilization 

in 2100) 

SRES A1B experiment 
(720 ppm stabilization 

in 2100) 

CNRM-CM3 
(1)           

Météo-France / Centre 
National de Recherches 

Météorologiques          
FRANCE 

1978-2000  2001-2100 2001-2099 

CSIRO-
Mk3.0 (1) 

CSIRO Atmospheric 
Research 

AUSTRALIA 
1978-1999 2001-2100 N/A 

ECHAM5/MP
I-OM (3) 

Max Planck Institute for 
Meteorology  
GERMANY 

1978-1999  2001-2100 2001-2099 

GFDL-CM2.0 
(1)  

Geophysical Fluid 
Dynamics Laboratory 

UNITED STATES 
1978-2000 2001-2100 2001-2099 

GFDL-CM2.1 
(1)  

Geophysical Fluid 
Dynamics Laboratory 

UNITED STATES 
N/A 2001-2099 2001-2099 

GISS- EH (5) 1978-2000 2001-2100 2001-2099 

GISS-ER (5) 

NASA / Goddard Institute 
for Space Studies 

UNITED STATES 1978-2000  2001-2097 2001-2099 

IPSL-CM4 
(1)           

Institut Pierre Simon 
Laplace            

FRANCE 
1978-2000 2001-2100 2001-2099 

UKMO-
HadCM3 (2)  1978-1999  2001-2100 2001-2099 

UKMO-
HadGEM1 (2) 

Hadley Centre for Climate 
Prediction and Research /  

Met Office               
UNITED KINGDOM 1978-1999  2001-2098 2001-2098 

 
 
 

3. PRESENT PERIOD (1978-2000)  
 
3.1 SLP variability for NCEP/NCAR   
 
Figure 1 shows the three predominant SLP patterns 
obtained from the NCEP/NCAR reanalyses that 
explain almost 85% of the total variance. The first one 
(PC1) explains 43.2% of the variance and represents 
the summer surface circulation as suggests the 
seasonal contribution of these PCs presented in Table 
2. This pattern has the South Atlantic and South 
Pacific highs in their southernmost position. The 
second (PC2) and third (PC3) patterns explain 27.3% 
and 14.1 % of the variance respectively and represent 
the winter circulation (Table 2).  PC2 is   characterized  
 
 

by the South Atlantic and South Pacific in the 
northernmost position and PC3 represents a surface  
pattern that it is dominated by the frontal activity 
during winter (Table 2). 

 
 

Table 2. Seasonal contribution (%) to the total 
variance of the first three PCs. 

 PC1 PC2 PC3 

TOTAL 100.0 100.0 100.0 
WINTER 7.7 46.6 35.5 
AUTUMN 20.5 24.6 29.3 
SPRING 28.0 22.3 22.1 

SUMMER 43.7 6.5 13.2 

Table 1.  List of GCMs. Number of available runs is indicated in brackets. 
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The corresponding time series associated (factor 
loadings) with these three PCs are presented in Figure 
2. These series show a positive linear trend for PC1 
(summer mode), a slightly negative trend for PC2 
(winter mode) and an almost null trend for PC3. These 
results indicate that the summer mode probably 
increased at the expense of the winter ones.   
 

3.2 GCMs regional validation for SLP 
 
Figure 3 shows the monthly and annual linear 
correlation coefficients between SLP fields of one  
simulation    of   each   GCM  and   the   NCEP/NCAR  
 

reanalyses. All GCMs represent adequately the SLP 
fields during most of the year with the lower 
correlations during the austral autumn (March-April-
May). The GCMs with better representation of the 
monthly mean SLP fields are UKMO_HadGEM1, 
UKMO_HadCM3, ECHAM5/MPI-OM, IPSL-CM4 
and CNRM-CM3, with correlation coefficients higher 
than 0.75 for all months.  Consequently, these GCMs 
were selected to identify the dominant SLP patterns 
and to compare them with the ones obtained with the 
NCEP/NCAR reanalyses. 

 
Figure 4 shows the SLP patterns obtained as a result of 
applying a Varimax Rotated PCA to the simulations of 
four GCMs: UKMO_HadGEM1, UKMO_HadCM3, 
ECHAM5/MPI-OM and CNRM-CM3. Results show 
that most of them represent the same dominant 
patterns. The explain variance varies from 41.8% to 
45.8% for PC1, 28.4% to 34.8% for PC2 and 5.4% to 
11.7% for PC3.  
Temporal variability is also well represented, specially 
in UKMO_HadGEM1, ECHAM5/MPI-OM and 
CNRM-CM3 as these three GCMs represent the  linear 
trends of the same sign as those obtained from the 
NCEP/NCAR reanalyses showing a slight increase of 
the summer mode at expense of the winter ones.  
Although UKMO-HadCM3 does not show a negative 
linear trend in PC2, the decrease of the winter mode 
could be explain by the negative trend in PC3.  
Table 3 shows the contributiuons of the differents 
seasons to the explained variance of each PC. Results 
are similar to those of NCEP, mainly for PC1 and PC2. 
PC3 shows more variability within GCMs and in some 
of them it is asociated with spring and autumn 
seassons. 
 
 
 

Figure 3. Spatial correlation coefficient between 
monthly mean SLP fields of the models and the 

NCEP/NCAR reanalysis.
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Figure 1. Principal Components of sea level pressure 
for NCEP/NCAR reanalysis 

Figure 2. Factor loadings of the first three principal 
components. 
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Table 3. Seasonal contribution (%) to the total variance of the first three PCs. Largest values are indicated in red.

20C3M EXPERIMENT 
 PC1 PC 2 PC 3 PC 1 PC 2 PC 3 
 UKMO-HadGEM1 run1 CNRM-CM3  

TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 
WINTER 5.2 54.4 26.8 4.8 45.6 39.8 
AUTUMN 26.4 19.4 24.2 17.9 31.6 25.8 
SPRING 27.3 20.8 31.0 30.7 14.7 24.2 

SUMMER 41.1 5.4 18.1 46.5 8.1 10.2 
 UKMO-HadCM3 run1 ECHAM5/MPI-OM run2 

TOTAL 100.0 100.0 100,0 100.0 100.0 100.0 
WINTER 2.9 52.8 37.9 3.9 55.5 26.2 
AUTUMN 18.5 31.9 14.2 20.6 20.4 38.9 
SPRING 30.0 11.6 41.1 32.0 20.0 19.6 

SUMMER 48.6 3.6 6.8 43.5 4.1 15.3 
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Figure 4. Principal components and factor loadings of  SLP fields corresponding to UKMO-HadCM3 and 
ECHAM5/MPI-OM models  for 20C3M experiments. Explained variance by each PC are also indicated. 
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Figure 5 shows the linear correlation coefficients 
between the PCs derived from the NCEP/NCAR 
reanalyses and from the GCMs outputs for the same 
models presented in Figure 3. All GCMs show 
correlation coefficients higher than 0.75 for the three 
factors with the exception of CNRM-CM3 and 
CSIRO-Mk3.0 in the third factor. The models with the 
best performance are the IPSL-CM4, GFDL CM2.0, 
UKMO-HadCM3 and ECHAM5/MPI-OM with 
correlation coefficients higher than 0.85 for all the 
factors.  
 
 
 
 
 
 
 

Figure 4 (cont.). For UKMO-HadGEM1 and CNRM-CM3 models. 
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Figure 5. Linear correlation coefficients between PCs 
from NCEP/NCAR reanalyses and from GCMs outputs. 
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4. FUTURE SCENARIOS (2001-2100)  
 
This section discusses the results obtained when 
applying a Varimax Rotated PCA to the GCMs outputs  
for scenarios A1B and A2. Only the GCMs with better 
agreement with the "observed" present climate 
represented by the NCEP/NCAR reanalyses were 
used.  
Figure 6 shows the PCs and time series for the A1B 
scenario. Results derived for the A2 scenario are not 
shown  as  they  are  very  similar to those obtained for  
 

 
 

the A1B. The patterns that characterize the first three 
PCs are approximately the same found for the 20C3M 
experiments and the explained variances by each PC 
are also similar to those found for the present period. 
PC1 varies between GCMs from 41.8 to 45.9%, PC2 
varies from 28.4 to 34.8% and PC3 varies from 5.4 to 
11.7%.  Table 4 presents the seasonal contribution for 
the three PCs. The same patterns as in Table 3 are 
found, PC1 representing the summer circulation while 
PC2 represents the winter one. PC3 is mostly 
associated with different seasons except summer. 
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Figure 6. Principal components and factor loadings of  SLP fields corresponding to UKMO-HadCM3 and ECHAM5/MPI-
OM models for SRES A1B  experiments. Explained variance by each PC are also indicated. 
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SCENARIO A1B  
 PC 1 PC2 PC 3 PC1 PC2 PC3 
 UKMO-HadGEM1 run1 CNRM-CM3  

TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 
WINTER 4.9 52.3 32.4 4.6 50.2 28.8 
AUTUMN 23.4 20.2 32.8 10.4 34.5 19.9 
SPRING 27.6 22.5 23.6 38.8 8.9 41.6 

SUMMER 44.3 5.0 11.2 46.1 6.4 9.6 
 UKMO-HadCM3 ECHAM5/MPI-OM run2 

TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 
WINTER 3.7 55.0 29.3 4.9 53.2 29.8 
AUTUMN 20.4 27.4 17.8 20.2 24.3 32.1 
SPRING 29.9 14.5 44.0 31.4 18.5 24.7 

    SUMMER 46.0 3.1 8.9 43.4 4.0 13.6 

Table 4. Seasonal contribution (%) to the total variance of the first three PCs. Largest values are indicated in red.
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Figure 6 (cont.). For UKMO-HadGEM1 and CNRM-CM3 models. 
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The four GCMs show a positive trend for PC1 and a 
negative one for PC2, indicating an increase of the 
summer mode at the expense of the winter one. This 
behavior is repeated for all GCMs in the A1B and A2 
scenarios although it is more pronounced in the A2 
scenario. This result suggests that the calaculated 
trends depend on the differences between both 
forcings.  
The differences between trends for both scenarios 
could be measure calculating the ratio between them:  
 

      
)1(

)2(
BAPCT

APCT
R

i

i
i =

 

 
where 

iPCT  is the trend of iPC . Results are presented 
in Table 5, showing that almost every GCM show 
larger trends of PC1 and PC2 for A2 scenario in 
comparison to A1B scenario.   

 
5. CONCLUSIONS 
 
The T-mode PCA of the monthly mean SLP obtained 
from NCEP/NCAR reanalyses shows that there are 
three predominant patterns that characterize SLP fields 
over the extense region of the Southern Hemisphere 
that comprises Southern South America and the South 
Atlantic and South Pacific oceans. PC1 represents the 
summer surface circulation with the South Atlantic 
and South Pacific highs in their southernmost 
positions. PC2 and PC3 represent the winter 
circulation with the South Atlantic and South Pacific 
in the northernmost position (PC2) and a surface 
pattern that characterizes the frontal activity during 
that season (PC3). Temporal series of the three PCs 
show a positive linear trend of the summer mode and 
slightly negative trends for the winter indicating that 
the summer mode probably increased at the expense of 
the winter ones.   
Monthly correlation coefficients between the output 
from the GCMs and the NCEP/NCAR reanalyses 
show that all of the models represent adequately the 
SLP fields during most of the year with the lower 
correlations during the austral autumn (March-April-
May). The GCMs with better representation of the 

monthly mean SLP fields are UKMO_HadGEM1, 
UKMO_HadCM3, ECHAM5/MPI-OM, IPSL-CM4 
and CNRM-CM3, with correlation coefficients higher 
than 0.75 for all months. Application of PCA to the 
GCMs outputs of four of these models show that most 
of them represent the same spatial and temporal 
varability identified with NCEP/NCAR reanalyses. 
These GCMs show the same three dominant patterns 
and also represent adequately the linear trends, 
showing an increase of the summer mode at expense 
of the winter ones, especially in UKMO_HadGEM1, 
ECHAM5/MPI-OM and CNRM-CM3. This result 
indicates that these set of GCMs are able to represent 
not only mean fields as shown in the spatial correlation 
analysis but also the interannual variability of SLP 
over the analyzed region. 
The PCA performed to the GCMs output 
corresponding to the future period shows 
approximately the same predominant patterns of SLP 
obtained for the 20C3M experiments. The time series 
associated indicate that the increase of the summer 
mode at the expense of the winter one will continue. 
These trends are more pronounced in the A2 scenario 
showing that the changes could be related to 
differences between atmospheric concentrations gases.  
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