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Many of the state-of-the-art AOCGCM simulations are characterized by a systematic underestimation

of rainfall over much of southern South America. This pattern is present in both CMIP3 and CMIP5

datasets and limits their utility for climate variability studies.

The main objective of this study is to look for possible physical/dynamical mechanisms behind this

feature.

•Well defined dry and wet seasons over subtropical

South America (SAMS).

• No seasonality in precipitation south of 25°S and

east of 60°W (SESA).
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A large part of SESA precipitation is convective in nature and related to transient activity that reach

the area all year long (especially in the form of warm and cold fronts).



How do GCMs represent this climatology?
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Large underestimation (of about 25-50%) in nearly all the

GCMs in CMIP3.

Errors are largest over SESA (northeastern Argentina,

southern Brazil and Uruguay).

Annual mean precipitation difference in GCMs w.r.t.

CMAP, period 1981-2000.
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To isolate effects behind the dry bias over SESA, we performed simulations using the atmospheric

component of the NCAR-CCSM3.0 GCM, CAM, in its versions 3 and 4 (Collins et al. 2004, 2006).

CAM characteristics

Resolution
T47 (2.8°x2.8°) and T85 

(1.4°x1.4°), L26 (sigma-p)

Top 2.2 hPa

Large-scale

pp

Rasch and Kristjánsson (1998); 

Zhang et al. (2003)

Convective

pp

Hack (1994); Zhang and 

McFarlane (1995)

Radiation

Berger (1978) for SWR and 

Ramanathan and Downey (1986)

for LWR

Soil CLM (Bonan et al. 2002)

PBL Holtslag and Boville (1993)
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Our simulations were thought to analyze these issues:

•Is the dry pattern caused by the GCM’s low resolution and the way they represent the Andes?

•Is it related to the parameterization of convection?

•Can it be attributed to a deficiency in teleconnections-related precipitation triggering over SESA?

CAM was run for 10-yr long periods and simulations were as follows:

Simulation Characteristics

1
Ctrl. Forced with observed SST from 1991 to

2000 taken from Reynolds and Smith (1994)

2 No Andes

3 Warmer SACZ

4 Warmer SPCZ

5
CAPE triggering threshold increased from 70 

J kg-1 to 106 J kg-1

6 Doubled horizontal resolution (T47 to T85)

7 CMT added in the convective scheme (CAM4)
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Results – Ctrl vs. Observations

The pattern of errors in Ctrl is similar to that derived from AOCGCM, suggesting the dry bias over

SESA is likely not related to the oceanic component of the climate system.

Annual (left, mm yr-1) and winter (right, mm dy-1) mean precipitation in Ctrl w.r.t. CMAP
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Results – Andes vs. Ctrl

Annual u wind speed (m s-1)

Annual 850hPa circulation (m s-1)

Annual precipitation (mm yr-1)

Removing the Andes alters the circulation over the whole hemisphere (at all levels of the troposphere).

It allows the penetration of the subtropical South Pacific high onto the continent, forcing the moisture

convergence (and precip) to move further to the north of the continent.
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Results – Warmer SACZ vs. Ctrl

Summer 850hPa circulation(left, m s-1) and precipitation (right, mm dy-1)

A warmer SACZ leads to enhanced precipitation over the area but not over the continent, suggesting

some kind of CISK mechanism (note that positive anomalies in the SST fields are kept all the months,

not allowing for the enhanced rainfall to cool SSTs down).
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Results – Warmer SPCZ vs. Ctrl

H

H

HL

L

Summer 850hPa streamfunction (left, 10-6 m2 s-1) and precipitation (right, mm dy-1)

A warmer SPCZ enhances Rossby wave genesis/propagation across the continent but does not appear

as particularly important for precipitation triggering over SESA.
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Results – Increased CAPE vs. Ctrl

Summer 850hPa streamfunction (left, 10-6 m2 s-1) and precipitation (right, mm dy-1)

Less convection leads to more large-scale precipitation over some areas. No significant chances are

found over SESA.
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Results – Doubled resolution vs. Ctrl

Double resolution (left, mm yr-1) and Ctrl (right, mm dy-1) annual mean precipitation

Doubling horizontal resolution improves simulations over SESA, largely related to the better

representation of the Andes and the related low-level moisture transports.
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Results – Better convective scheme vs. Ctrl

Improved convective scheme(left, mm yr-1) and Ctrl (right, mm dy-1) annual mean precipitation

Further improvements are found when convective scheme is improved to account for CMT, even better

than the case when resolution is doubled. This is according to Richter and Rasch (2008) who found

that a better representation of CMT leads to a more realistic simulation of the sinking branch of the

Hadley cell and the strength of the subtropical anticyclones.
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Winter 1000-700hPa qV and 500hPa omega w.r.t. Ctrl 

No Andes Warmer SACZ

Resolution x 2 Convection

Simulation RMSE Bias

Ctrl 1,664 -35,14

No Andes 2,199 -47,85

Warmer SACZ 1,992 -43,65

Warmer SPCZ 2,044 -43,39

Larger CAPE 1,952 -42,68

Resolution x 2 1,624 -32,74

Better convection 1,341 -22,58
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•GCM simulations over South America are characterized by a dry bias, particularly over SESA,

largely related to the deficiency in the representation of winter rainfall.

•Atmospheric-only CAM simulations quantified the impact of the Andes on precipitation over the area,

suggesting enhanced convergence over northern South America when the Andes are removed.

•Although warmer SACZ and SPCZ lead to variations in the atmospheric circulation, these changes

do not directly impact on precipitation over SESA. This suggests that potential errors in the SST field

(either by poor observations or by deficient oceanic models) do not significantly modify the rainfall

pattern.

•When less convection is allowed to develop, large-scale precipitation increases but does not lead to

variations over the region of interest.

•Both doubling horizontal resolution and improving the convective scheme improve the simulations,

reducing the errors, being the later the one related to the “best” statistics.
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Thank you!

Merci!

Gracias!

Obrigado!


