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ABSTRACT: A physics ensemble was performed by
changing the cumulus parameterization options in the
WRF regional model. Simulations were carried out in
a domain covering southern South America. The
model was run during 60 days (December 1970 -
January 1971), in an anomalously rainy period,
considering the first 31 days as a spin up period. We
evaluate how much variability is introduced when a
particular model is reconfigured and how good the
ensemble-mean represent the accumulated and daily
precipitation in several regions of southern South
America.

The ensemble spread of simulated precipitation
shows values between 25 and 50 mm in the South of
Chile, Paraguay, Uruguay and Northeast of Argentina,
but near northern Andes, part of Bolivia and part of
South of Brazil the standard deviation reach values
between 150 and 300 mm. The ensemble mean had a
great agreement with ERA40 reanalysis in both, the
daily and the accumulated precipitation in the south of
Argentina and over the Andes mountain range,
regions where a negative precipitation trend has been
observed since 80°s. However, in regions located in
the center part of Argentina, where the precipitation is
increasing since 70°s, the ensemble mean did not
work like we had expected, but we found that the best
parameterization in this regions to represent both, the
accumulated and daily precipitation was Betts- Miller-
Janjic.

1. INTRODUCTION

One of the concern that arises in the using of
Regional Climate Models (RCMs), specially in long
term integrations is the need of great computing
resources, specially in models with high resolution, so
that RCM simulations typically rely on a single
realization with a single model. This fact takes to
question how reliable are the results obtained of a
simple realization. The construction of ensembles of
regional climate models simulations could be an
approaching to solve this problem. De Elia et al.
(2008) simulate the North American climate using an
ensemble simulation and Yang et al. (2002),
constructed an ensemble simulations of regional
climate by perturbing two parameters in the
convective parameterization of a regional climate
model.

In this study, we constructed a physic
ensemble by changing the cumulus parameterization
options of a regional climate model to evaluate how
much variability is introduced when a particular model
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is reconfigured and how good the ensemble-mean
represent the accumulated and daily precipitation in
several regions of southern South America.

2. METHODOLOGY
2.1) Model description

In this study we use the WRF (Weather
Research and Forecasting) regional model, based on
compressible, nonhydrostatic Euler equations. The
main physics options that we have chosen were
Ferrier New ETA microphysics option, the Noah land-
surface model, Chen and Duhia ( 2001) and the
Yonsei University (YSU) planetary boundary layer
scheme (next generation of the MRF PBL scheme).

All simulations were performed using the same
horizontal resolution, 50 km, and in the vertical, 31
levels were used. The boundary and initial conditions
were constructed using the European Centre for
Medium Range Weather Forecasts (ECMWF) 40-year
Reanalysis (ERA40), Uppala at al. (2005). Simulations
were carried out in a domain covering southern South
America. The model was run during 60 days
(December 1970-January 1971), in an anomalously
rainy period. The first 31 days was considered as a
spin up period, therefore we only analyzed January
1971.

2.2) Experimental set-up

We did four simulations changing the cumulus
parameterization options of the WRF regional model.
The first simulation was run using the Betts-Miller-
Janjic (BMJ) parameterization, which is based on the
Betts-Miller convective adjustment scheme, Betts
(1986); Betts and Miller (1986). In the second
simulation, we use Grell-Devenyi ensemble (GD)
parameterization, based in Grell and Devenyi (2002).
The third one, was run using Kain-Fritsch scheme
(KF), based on Kain and Fritsch (1990) and Kain and
Fritsch (1993). Finally, in the latter simulation we
choose the Previous Kain-Fritsch scheme (pKF),
based on Kain and Fritsch (1990) and Kain and
Fritsch (1993).

3. RESULTS

Figure l1la, shows the ensemble average
precipitation accumulated over January 1971 and
Figure 1b, shows the accumulated precipitation over
the same period, but for ERA40 reanalysis.
Comparing the two figures, we can see that the
ensemble model can locate very well the maximum of
accumulated precipitation near southern and northern
Andes, but underestimate its intensity, especially near
northern Andes. On the other side, the maximum of
accumulated precipitation over the northeast of
Argentina, south of Brazil, Uruguay and Paraguay



observed in Figure 1b is overestimated by the
ensemble model and is shifted to the northeast.

Figure 2, shows the ensemble spread
(standard deviation) of simulated precipitation for
January of 1971. The standard deviation shows
values between 25 and 50 mm in the south of Chile,
Paraguay, Uruguay and northeast of Argentina, but
near northern Andes, part of Bolivia and part of south
of Brazil the standard deviation reach values between
150 and 300 mm. Solman et al. (2007), defined
regions in southern of South America with similar
precipitation patterns. These regions are shown in
Figure 3.

Figures 4 show the times series of
accumulated precipitation of the regions showed in
Figure 3. These regions can be divided into three
groups. In the first one, (regions colored in green in
Figure 3: AP, CA, NA, PA, SA, SB, SEP, SP) the
ERA40 reanalysis have a similar behavior that the
ensemble mean, so these are regions where the use
of the ensemble mean is better than the use of a
single realization. In some of these regions, we have
also compared the observed precipitation provided by
meteorological stations of Argentina (not shown here,
it can be seen in Blazquez, 2007) and in PA, SB and
SP regions the observed precipitation and the
ensemble mean have also a good agreement. In the
second group (regions colored in red: AL, CU, LPB)
the ERA40 reanalysis overestimate the accumulated
precipitation in the whole period and at the end of it
we can observe that the precipitation differences
between the ensemble mean and the ERA40
reanalysis are approximately 100 mm, whereas using
the Betts-Miller-Janjic parameterization differences
decrease to 50 mm. But if we consider the observed
precipitation (not shown here, it can be seen in
Blazquez, 2007) in the CU and AL regions, the
ensemble mean and the observed precipitation have a
good agreement. On the other hand, in the latter
group, (region colored in yellow: SEB), the ERA40
reanalysis underestimate the accumulated
precipitation in the whole period, reaching
precipitation differences between the ensemble mean
and the reanalysis data of 150 mm at the end of the
period.

Figure 5 show the time series of daily
precipitation. In general, in the regions which are
colored in green (AP, CA, NA, PA, SA, SB, SEP, SP),
the ensemble model can capture the rainy days. In the
regions which was colored in red in Figure 3 (AL, CU,
LPB), we can see that events of intense precipitation
were underestimated by all the simulations, including
the ensemble mean. These explain the overestimation
of the ERA40 reanalysis accumulated precipitation
during all the period showed in Figure 4 a, d y e. On
the other side, in the region colored in yellow in Figure
3 (SEB), all the simulations done with the WRF model
overestimate the daily precipitation in all rainy days
that occur during the period. These explain the
overestimation of the ensemble model respect to the
ERA40 reanalysis that shows Figure 4 .

4. CONCLUSIONS
We have constructed a physics ensemble, by

changing the cumulus convection options in the WRF
regional model, to explore how good the ensemble

mean represent the precipitation over southern South
America. We have differentiated three groups of
regions with different behavior, respect of the
simulated precipitation. In the regions AP, CA, NA, PA,
SA, SB, SEP, SP, the ensemble mean is the best
option to simulate precipitation (accumulated or daily).
On the other side, in the regions AL, CU, LPB, the
ensemble mean did not work like we had expected if
we consider the ERA40 reanalysis, but if we take into
account the observed precipitation (provided by
meteorological stations of Argentina), in the AL and
CU regions the ensemble mean and the observed
precipitation have a good agreement. Finally, we find
that in the region SEB, the ERA40 reanalysis
precipitation was overestimated by all the simulations
done with the WRF model.
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Figure 1: a) Ensemble average precipitation (mm)
accumulated over January 1971 and b) accumulated
precipitation (mm) for ERA40 reanalysis for the same period.
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Figure 2: Ensemble spread of simulated precipitation (mm) for January of 1971.
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Figure 3: Regions, defined by Solman et al. 2007, where were averaged the precipitation data. Altiplano (AL), Argentinian

Patagonia (AP), Central Andes (CA), Cuyo (CU), La Plata Basin (LPB), Northern Andes (NA), Paraguay (PA), Southern Andes
(SA), South Brazil (SB), South-eastern Brazil (SEB), South-eastern Pampa (SEP) and South Pampa (SP).



Figure 4: Times series of accumulated
precipitation for the regions: a) Altiplano
(AL), b) Argentinian Patagonia (AP), c)
Central Andes (CA), d) Cuyo (CU), e)
La Plata Basin (LPB), f) Northern Andes
(NA), g) Paraguay (PA), h) Southern
Andes (SA), i) South Brazil (SB), j)
South-eastern Brazil (SEB), k) South-
eastern Pampa (SEP), I) South Pampa
(SP).
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Figure 5: Times series of daily
precipitation for the regions: a) Altiplano
(AL), b) Argentinian Patagonia (AP), c)
Central Andes (CA), d) Cuyo (CU), e)
La Plata Basin (LPB), f) Northern Andes
(NA), g) Paraguay (PA), h) Southern
Andes (SA), i) South Brazil (SB), j)
South-eastern Brazil (SEB), k) South-
eastern Pampa (SEP), I) South Pampa
(SP).
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