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Modelado climático regional 
en Sudamérica 
�  ¿Que son los Modelos Climáticos 

Regionales? 
� Un poco de historia: Evolución del modelado 

climático regional durante los últimos 10 años 
� Estado actual del MCR 
� Perspectivas futuras 
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La información climática a escala regional 
es crítica para los estudios de impacto 

Impactos potenciales del cambio climático 

Necesidad de información en alta resolución 

A2 -15d A2 -30d

B2 -15d B2 -30d

Producción agrícola 

Recursos hídricos Biodiversidad 
Dinámica de 

bosques 

Temperatura – Precipitación 

Modelos Climáticos Globales 
de alta resolución 

Modelos Climáticos 
Regionales 
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MODELO	 RESOLUCIÓN	(°)	

ACCESS1.0	 1.25x1.875	

BCC-CSM1.1	 2.79x2.81	

CCSM4	 0.9424x1.25	

CESM1(BGC)	 0.9424x1.25	

CMCC-CESM	 3.44x3.75	

CNRM-CM5	 1.4x1.4	

CSIRO-Mk3.6.0	 1.865x1.875	

CanESM2	 2.79x2.81	

EC-EARTH	 1.125x1.125	

FGOALS-g2	 2.79x2.8125	

GEOS-5	 2x2.5	

GFDL-ESM2G 		 2x2	

GISS-E2-H-CC	 2x2.5	

HadGEM2-ES	 1.25x1.875	

IPSL-CM5A-MR	 1.26x2.5	

MIROC-ESM	 2.79x2.81	

MPI-ESM-LR	 1.865x1.875	

MRI-ESM1	 1.12x1.125	

NorESM1-M	 1.89x2.5	

Resolución espacial 
de los Modelos 

Globales Acoplados  
(CMIP5) 

entre 1° y 3° 
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Por qué necesitamos Modelos Climáticos 
Regionales? 

Modelos Globales 
ü Características de la circulación en gran escala. 
ü Respuesta de la circulación de gran escala a forzantes del 

sistema climático. 
û  Baja resolución espacial (del orden de 100 km) 
û Dificultad para reproducir patrones regionales debido a que 

no representan los forzantes regionales que modulan la 
estructura espacial y temporal del clima regional. 

Forzantes regionales: topografía, cobertura de la 
vegetación, agua continental, contrastes océano-
continente. 
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Modelado Climático Regional 
�  Un Modelo Regional (MCR) es 

anidado en un modelo global con el 
fin de aumentar regionalmente la 
resolución del modelo. 

�  El MCR requiere Condiciones 
Iníciales y Condiciones de Borde 
Lateral que son provistas por el 
Modelo Global o de análisis. 

El Modelo Global simula la circulación de gran 
escala, el Modelo Regional simula el efecto de 
forzantes de escala regional y provee información 
climática de alta resolución.  
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Un poco de historia… 
� Principios de la década del 2000:  

� Diferentes MCR 
�  Simulaciones de algunos meses 
� Dominios y resoluciones diferentes 

Chou et al., 2001; Menéndez et al., 2001; Nicolini et al., 2002; 
Misra et al., 2002; 2003; Seth and Rojas, 2003; Rojas and Seth, 
2004; Seth et al., 2004; Rojas, 2006; Da Rocha et al., 2009 … 
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TABLE 1. Nested model (CCM3–RegCM) experiments performed.

Expt Period Domain size Resolution Realizations

GCONT83
GDOM83
GCONT85

1 Jan–31 May 1983
1 Jan–31 May 1983
1 Jan–31 May 1985

110 3 145
90 3 161
110 3 145

60 km
100 km
60 km

3
3
3

FIG. 1. Domain size and topography (m) of RegCM: (a) control domain, (b) large domain.

ploy the control domain, at 60-km resolution, for
JFMAM 1983 and 1985, with soil moisture initialized
as it was for the control integrations in Part I (i.e., using
the standard RegCM initialization based on vegetation
class and season: tropical forest initial soil moisture
fraction 5 0.45, interactive). Both the GCM and the
nested model (GCM-driven RegCM) results are com-
pared with observations. In addition, the simulations are
compared with the reanalyses-driven RegCM experi-
ments (RCONT83 and RCONT85 from Part I). These
comparisons permit isolation of errors in the two mod-
els. Finally, the ensemble integrations permit analysis
of the internal variability of the nested model as com-
pared to the GCM.
Research has suggested that domain choice is critical

for regional climate model studies. Seth and Giorgi
(1998) showed that in midlatitudes a larger domain per-
mits more internal model freedom, which is particularly
important for sensitivity studies to local processes, such
as soil moisture. The results of Part I showed that for
the tropical South American region the reanalyses-driv-
en RegCM large domain seasonal rainfall evolution fol-
lowed the observed in all regions more closely than that
from the control domain, which employs a grid of 1108
latitude 3 1458 longitude (Fig. 1a). To test the sensi-
tivity of the GCM-nested model simulation to domain
size an ensemble integration for 1983 (GDOM83) uti-
lizing a larger domain was performed (Fig. 1b). As in
Part I, the large domain includes tropical eastern Pacific
and Atlantic Oceans, with a grid of 908 latitude 3 1618
longitude, and due to computational constraints the hor-
izontal resolution was reduced to 100 km. A test with
the control domain at the 100-km resolution was per-

formed to determine the effects of resolution change
alone, and will be discussed with the results.

a. The Regional Climate Model (RegCM)

The regional model is the second version of the Na-
tional Center for Atmospheric Research (NCAR) re-
gional climate model (RegCM; Giorgi et al. 1993a,b)
and has been described in Part I. A few details regarding
the convective parameterization employed by the model
are presented here. For details on other aspects of the
model please see the references.
The convective precipitation in the model is param-

eterized by the Grell scheme (Grell 1993). The Grell
scheme approximates cloud as two-steady-state circu-
lations. The bottom cloud level is found at the level of
maximum moist static energy (h), from there onward
saturation is assumed. At the level of minimum envi-
ronmental moist static energy (h̃min) downdraft occurs.
The rainfall is given by Rc 5 I1mb(1 2 b), where b
depends on the wind shear, I1 is the condensation in the
downdraft, and mb is the mass flux at the cloud base.
It is sensitive to how much of the condensation of the
updraft is reevaporated in the downdraft and the mass
flux mb. The mass flux depends on the change of the
available buoyant energy (ABE) and is given by

1 ABE 2 ABE9
m 5 , (1)b m9 ABE 2 ABE0b

where the single prime represents the available buoyant
energy changed by convection, the double prime rep-
resents nonconvective effects, and is a constant.m9b
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FIG. 1. Outline of the Amazon River basin (ARB), ITCZ over the Atlantic (ITCZA), Nordeste (NOR),
South Atlantic convergence zone (SACZ), pampas region (PAM), Gran Chaco area (GRAN), South Pacific
(SP), equatorial Pacific (EP), and North Pacific (NP) (borrowed from Misra et al. 2002).

a large amount of precipitation is generated initially
which spreads into the interior of the domain by the end
of the seasonal integration if the right convection
scheme is not chosen. Another difference in the RSM
used in control-A, control-B, and EXPT relates to the
vertical discretization. In all the RSM runs forced by
the COLA AGCM (control-B and EXPT) we use 18
sigma levels which are identical to the COLA AGCM
vertical discretization. However, in control-A we adopt-
ed 28 sigma levels of the NCEP reanalysis model.
In theory, despite these model differences, control-A

simulations represent an upper bound to the skill that
can be attained through the anomaly nesting procedure
adopted in this study. However, it is not necessary that
control-A type (NCEP reanalysis driven) integrations
should always represent the limit of regional climate
predictability of anomaly nested regional models. It is
plausible that some nested variables may have a better
mean state described in the driving AGCM than the
analysis climatology that is used to replace it.

5. Results
The focus of this study will be on the mean JFM

seasonal precipitation and low-level circulation. In the
following discussion we shall be presenting results of
the seasonal mean from the ensemble mean computed
over five ensemble members. This shall be followed
with a discussion of the seasonal anomalies. For the
sake of brevity we shall present some of the results
averaged over the domains (as used in Misra et al. 2002)
outlined in Fig. 1. To verify the model results, we use
the Climate Prediction Center Merged Analysis Precip-
itation (CMAP) dataset (Xie and Arkin 1996) made
available on 2.58 3 2.58 latitude–longitude grid. Ob-

served outgoing longwave radiation (OLR) fields based
on Liebmann and Smith (1996) which are available daily
on a 2.58 3 2.58 latitude–longitude grid are also used
for verification. It should be noted that in all validation
efforts, the model output was interpolated to the ob-
servational grid.

a. Total field

It could be argued that the skill of simulating the
anomalies would determine the efficacy of anomaly
nesting as the mean field is prescribed by the lateral
boundaries. However, it should be recognized that the
RSM is continuously predicting the total field in the
interior of the domain and therefore the mean field from
the RSM is a nontrivial quantity in the anomaly nesting
procedure.

1) JFM SEASONAL PRECIPITATION

In Fig. 2 we show the mean JFM seasonal precipi-
tation from control-A, control-B, EXPT, NCEP reanal-
ysis, and observations based on CMAP for 1997, 1998,
and 1999. One of the major errors in the mean JFM
precipitation patterns in control-B runs is the presence
of an intense intertropical convergence zone (ITCZ)
south of the equator in both Pacific and Atlantic Ocean
basins which give rise to the split-ITCZ phenomenon.
M03 suggested that this split-ITCZ phenomenon was a
large-scale error forced on the RSM by the driving
COLA AGCM through the lateral boundary conditions.
This split-ITCZ phenomenon over the Pacific Ocean is
also exhibited by the NCEP reanalysis and control-A
RSM runs, especially in 1997 and 1999. In the EXPT
runs the southern ITCZ is appreciably less intense and
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FIG. 2. Seasonal mean MJJAS SLP and 850-hPa winds from (top) reanalysis and (bottom) MM5 domain 1 for
(left) 1997 and (right) 1998.

FIG. 1. MM5 configuration: Three nested models domains and the resolution of each
domain. The dots represent the location of available station data.
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and the turbulent vertical diffusion coefficient, with correc-
tions for nonlocal turbulence proposed by Holtslag et al.
[1990].
[12] The radiative transfer in the RegCM3 follows the

Community Climate Model 3 (CCM3) [Kiehl et al., 1996]
parameterization where the heating rate and surface fluxes
for solar and infrared radiation for clear skies and cloudy
conditions are computed separately. This parameterization
also includes the effect of the greenhouse gases (NO2, CH4,
and CFCs), atmospheric aerosols and cloud water.
[13] The moist processes are solved according to the

convective parameterization of the deep cumulus convec-
tion and grid-scale precipitation scheme. The present sim-
ulations used the Grell [1993] convective scheme, which is
a simplification of the Arakawa and Schubert [1974]
parameterization. The Grell scheme considers a single cloud
represented by undiluted updraft and downdraft currents
that originate, respectively, at the levels of maximum and
minimum moist static energy. The convection warms and
dries the environment by compensating subsidence and cools
and moistens it through the detraining of the water vapor
and condensate water in the top and bottom of the cloud.
The Grell scheme is initiated when a lifted parcel attains the
moist adiabatic. Two closure assumptions are available for
Grell in the RegCM3 [Pal et al., 2007]: (1) Arakawa
and Schubert [1974] closure considers that the large-scale
destabilization processes are in quasi-equilibrium with the
convection. (2) Fritsch and Chappell [1980] closure consid-
ers that all the available buoyant energy (CAPE) is dissipated
during a specified convective time period (30 min), and it
was used in this study. The grid-scale precipitation scheme
[Pal et al., 2000] solves only the prognostic equation for
cloud water, which is then directly used in the radiative
transfer evaluations.

2.2. Climate Simulations Setup

[14] The simulations were performed during the Austral
Summer and started each summer at 0000 UTC of
1 November and ended on 0000 UTC at 1 March of the
following year. The summer months are defined as Decem-
ber, January, and February (DJF). The first month, Novem-
ber, was considered as spin-up time, and it was excluded
from the analysis. The simulations were performed from
1988 to 2004; therefore, 17 austral summer simulations were
generated.
[15] The initial and boundary atmospheric conditions

(geopotential height, temperature, wind, and relative
humidity at 13 vertical levels, from 1000 to 70 hPa)
used in the simulation are from the NCEP– Department
of Energy (DOE) [Kanamitsu et al., 2002] reanalysis
(hereinafter referred to as R2), which is the updated
version of the NCEP-NCAR [Kalnay et al., 1996]
reanalysis. It should be mentioned that the reanalysis
data are a statistical merger of the model first guess field
and available observations. The R2 has a horizontal
resolution of 2.5! ! 2.5! of latitude by longitude at
every 6 h (0000, 0600, 1200, and 1800 UTC). The R2
precipitation analysis was also used to compare with
simulations and other rainfall data sets.
[16] The topography and land use cover are from the

United States Geological Survey (USGS) and Global Land
Cover Characterization (GLCC), respectively, with 10 min
horizontal resolution [Loveland et al., 2000]. Over the
ocean, the sea surface temperature was obtained from the
monthly climatology (1! ! 1! horizontal resolution) of
Reynolds and Smith [1995].
[17] A horizontal resolution of 50 km and 18 sigma-

pressure levels in the vertical (top of the model at 80 hPa)
were used. The domain and the model topography are
shown in Figure 1. The simulation domain has 118 by 88

Figure 1. Domain and topography (m) used in the RegCM3 simulations. The squares indicate the limits
of subdomains investigated.
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Habilidad de los MCR en reproducir 

algunas características del clima 

regional 
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Un poco de historia… 
� Avanzada la década del 2000 

� Diferentes MCR 
�  Simulaciones climáticas (5 a 30 años) 
� Dominios y resoluciones diferentes 

Seth et al., 2007; Rauscher et l., 2007; Solman et al., 2008; 
Nuñez et al., 2009; Solman and Pessacg, 2011; Reboita et al., 
2010;  Pesquero et al., 2010; Marengo et al. , 2009; 2010; 2012; 
Urrutia and Vuille, 2009;  Solman and Pessacg, 2012; da Silva et 
al., 2010; Garreaud and Falavey, 2009; Buytaert et al., 2010 … 

Ø  Sensibilidad: configuración MCR; 
parametrizaciones; condiciones de borde  

Ø  Proyecciones de cambio climático 
Ø  Ensambles 

Incertidumbre en la 

simulación del clima 

regional y en las 

proyecciones  
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Experimentos coordinados 
v CLARIS (2004-2006) 

v RCM anidados en ERA-40 
v Simulaciones de varios meses; simulaciones 

de 10 años 
v Resolución: 50 km  

v CLARIS-LPB (2008-2012)  
v Resolución: 50km 

v CORDEX  
§  Giorgi et al., 2009 

 

Dominio 
CORDEX-SAM 
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Experimentos coordinados para Sudamérica 
CLARIS: 5 MCR, 1 GCM con retícula telescópica; 1 ESD 

(Menéndez et al., 2010; Carril et al., 2012) 

•  Diversidad en la calidad de las simulaciones 
•  Identificación de errores sistemáticos mas importantes en la 

simulación de la temperatura y precipitación media 
estacionales.  each other except for PROMES (green dot), which has the

largest values for STD and lowest values for R during

summer and winter.

In general, models and the ensemble mean are more

accurate in simulating the temperature anomaly patterns of

TN in winter than those of TX in summer where RCA (blue

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Fig. 7 Top panels Austral summer (DJF) mean precipitation (mm/
day) (a), mean daily intensity of precipitation (mm/day) (b), and
percentage of number of days with precipitation greater than 1 mm/
day (c) from TRMM climatology, for 1998–2000. Middle panels are
the same as the top panels but for the ensemble mean. Bottom panels

are the bias of the ensemble mean compared to TRMM to reproduce
the DJF mean precipitation (g), the intensity of precipitation (h) and
the number of days with precipitation (i), for the same 3-year period.
Bottom panels refer to the same color bar

Performance of a multi-RCM ensemble 2757

123
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Experimentos coordinados 
v CLARIS-LPB (2008-2012)  

v RCM anidados en ERA-Interim 
(evaluación) 

v RCM anidados en MCG (CMIP3) 
histórico y escenarios 
(SRESA1B)  

v Resolución: 50 km  

v CORDEX (Giorgi et al., 2009) 
v  RCM anidados en MCG (CMIP5) 

RCPs 
v  Resolución: 50km 

Dominio CORDEX-SAM 
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Que aprendimos a partir 

de los experimentos 

coordinados? 



CLARIS-LPB 
RCM/ 

Institution 
ERA 

Interim 
(1990-2008) 

GCM Present 
climate 

(1961-1990) 

Near future 
(2011-2040) 

A1B 

Far future 
(2071-2100) 

A1B 

RegCM3/USP X HadCM3-Q0 X X X 
EC5OM-R1 X X X 

	
RCA/SMHI 

X EC5OM-R1 X X X 
EC5OM-R2 	X X X 
EC5OM-R3 	X X X 

MM5/CIMA X HadCM3-Q0 X X 

REMO/MPI X EC5OM-R3 X X X 
PROMES/UCLM X HadCM3-Q0 	X X X 

LMDZ/IPSL X IPSLA1B 	X X X 
HadCM3-Q0 	X X X 

ETA/INPE X HadCM3-Q0 X X X 

Solman et al, 2013 Clim Dyn; Sánchez et al., 2017 Clim Dyn;  
Clim Res 2016 SI 

Experimentos coordinados para Sudamérica 

Incertidumbre asociada al MCG conducente; MCR, variabilidad interna.  
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Ensemble de 7 MCR  (CLARIS-LPB): RCM anidados en 
ERA-Interim- Simulaciones de evaluación 

BIAS Temperatura (con respecto a CRU) 

JJA DJF 

Solman et al. 2013 
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BIAS Precipitacion (mm/mes) 

JJA DJF 

Ensemble de 7 MCR  (CLARIS-LPB): RCM anidados 
en ERA-Interim- Simulaciones de evaluación 

Solman et al. 2013 
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Bias de temperatura sobre LPB 
RCMs anidados en ERA-Interim y GCM 

Ø  La temperatura simulada es (siempre) mayor para 
condiciones mas cálidas 

ERA-I driven RCMs                                        GCM driven RCMs 

Solman, 2016 
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Bias de precipitación sobre LPB 
RCMs anidados en ERA-Interim y GCM 

Ø Los modelos son (siempre) mas secos para 
condiciones mas húmedas.  

ERA-I driven RCMs                                GCM-driven RCMs                    

Solman, 2016 
16 



Corrección de errores sistemáticos: Método 
“quantile mapping” 

•  Los cambios proyectados de temperatura y precipitación 
cambian luego de aplicar el método de corrección de errores 

•  La nube es menos dispersa 
17 



CORDEX                        www.cordex.org 

� Desafíos científicos: 
� Mejorar la comprensión de fenómenos climáticos 

relevantes de escala regional /local, su variabilidad y 
cambio a través del downscaling 

�  Evaluar y mejorar las técnicas de downscaling  
�  Producir conjuntos coordinados de proyecciones 

climáticas sobre todas las regiones continentales 
usando técnicas de downscaling 

�  Fomentar la interacción con usuarios de información 
climática regional.  

18 



CORDEX: Desafíos científicos 
�  Valor agregado  
    corrección de bias, incertidumbre 
�  Elemento humano  

ciudades, uso de suelo 
�  Coordinación de experimentos con modelos 

acoplados 
�  Precipitación 
    sistemas convectivos, tormentas costeras 
�  Vientos intensos 
    tormentas de viento; vientos regionales intensos 
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Repositorio de datos   
  

Domain	 No.	of	
RCM	

No.	of	
GCM	

ERA	Interim	 RCP2.6	 RCP4.5	 RCP8.5	 Total	no	of	
Simulations	

Available	
on	ESGF	

Available	
through	
POC	

Available	
in	other	
ways	

Africa	 12	 18	 13	 12	 36	 37	 98	 64	 98	 	

Antarctica	 8	 11	 8	 2	 11	 13	 35	 ?	 ?	 ?	

Arctic	 18	 6	 23	 -	 10	 26	 59	 34	 29	 6	

Australasia		 5	 11	 5	 -	 10	 20	 35	 -	 9	 26	

Central	Asia	 1	 3	 1	 -	 3	 3	 10	 -	 10	 	

East	Asia	 2	 5	 2	 -	 5	 6	 13	 -	 13	 	

SEACLID	 8	 16	 3	 -	 15	 15	 48	 ?	 ?	 ?	

South	Asia	 7	 15	 4	 6	 27	 24	 61	 45	 16	 	

EURO-CORDEX	
EUR-44 

EUR-11 

10 12 

 

29	

 

15 

17	

 

16 

29	

 

20 

32	

 

28 

107	

 

79 

54	

 

45 

46	
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MENA	 7	 8	 8	 2	 12	 12	 34	 15	 19	 	

North	America	 10	 6	 15	 1	 7	 15	 42	 9	 27	 6	

Central	
America	

3	 10	 5	 6	 3	 12	 26	 23	 3	 	

South	America	 6	 5	 4	 -	 9	 9	 23	 ?	 ?	 ?	

20 



CORDEX SAM 

RCA4 REgCM4 REMO WRF PRECIS ETA
ERA-Int 0.44º 0.44º 0.44º 0.22º 0.22º RCP

EC-Earth 0.44º 4.5	/	8.5
MPI-ESM-LR 0.44º 0.44º 0.44º 4.5	/	8.5
ICHEC 0.44º 4.5	/	8.5
HadGEM 0.44º 0,44 0.22º 20	km 4.5	/	8.5
GFDL 0.44º 4.5	/	8.5

Regional	Model	(RCM)
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Estadística de la precipitación diaria 
LPB SACZ 

Deficiencias en la simulación de la 
precipitación moderada y extrema 

Solman and Blázquez, 
2016-ICRC2016 
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Extremos a partir del ensamble con RegCM4 

23 
Giorgi et al., 2014  

Número de dias secos 
consecutivos (CDD) 

Precipitación intensa (porcentaje de 
precipitación superior al percentil 95) 

periods (almost overlapping with each other) than the simulation reference one. We neverthe-
less decided to use the longer simulation period in the analysis in order to have more robust
statistics and because, without data assimilation, the model reference period does not refer to
the actual observed one (i.e. the model 1996–2004 is not the real 1996–2004). Although it is
possible that interdecadal variability might affect to some extent this evaluation, its effect is
likely small for the first order analysis presented here. For temperature we do not have
available gridded observed daily data that cover sufficiently well all of our domains, and
therefore we limit our analysis to the change signal.

3 Results

3.1 Assessment of precipitation indices for the present day reference period 1976–2005

In this section we first present an assessment of the RegCM4 and corresponding GCM
simulations of the two indices CDD and R95. Figures 1 and 2 compare these indices averaged
over the period 1976–2005 for the RegCM4 and GCM simulations and over the periods of
available data in the case of GPCP, and TRMM. All 5 CORDEX domains considered are
shown, and in those regions where they overlap, the domain is selected which is specifically
designed to best represent that region under the CORDEX protocol. For example, over the
northern areas of South America covered by both the Central and South America domains, the
latter is shown. For the models, ensemble average data for all simulations are presented.

Fig. 1 Mean value of CDD over the five CREMA domains for GPCP (1996–2004; upper left panel), TRMM
(1998–2009; upper right panel), GCM ensemble (1976–2005; lower left panel), RegCM4 ensemble (1976–2005,
and RegCM lower left panel). Units are No. days

42 Climatic Change (2014) 125:39–51

Concerning the CDD, we first find a generally good consistency between the GPCP and
TRMM data. In the regions covered by the RegCM4 domains observed maxima of CDD are
found over the Sahara and Southern Africa regions, the southwestern regions of North
America, the southwestern coastal regions of South America and eastern Brazil, the middle
east and central Asia. Conversely, observed minima occur over the southeastern regions of
North America, the central/northwestern Amazon and La Plata Basin, equatorial Africa and, to
a lesser extent, central/eastern India.

Comparison of the observed and simulated CDD patterns shows a generally good perfor-
mance by the two ensembles. The GCM set reproduces rather well the broad global CDD
pattern, and the regionalization by the RegCM4 captures some observed regional signals over
the simulation domains. In fact, we highlight a few areas where the RegCM4 ensemble appears
to improve the field from the GCMs: in South America the GCMs fail to reproduce the
minimum over the western Amazon Basin, which is better captured by the RegCM4 ensemble;
similarly, the La Plata basin maximum is better defined in the RegCM4; over the India
continent the GCMs substantially overestimate the CDD, while the RegCM4 ensemble is
closer to observations.

Figure 2 shows observed and simulated (ensemble averaged) R95, and offers some
interesting considerations. First, differently from the CDD, we find substantial differences
between the two observation datasets, with the TRMM data yielding generally larger values
than GPCP. Notwithstanding possible differences in the calibration procedures of the two
datasets, this is very likely a result of the higher resolution of the TRMM data. A comparison
of the model ensembles with the observation data shows that the RegCM4 runs are closer to
the TRMM data, while the GCMs are closer to the GPCP data. This is consistent with the

Fig. 2 Mean value of R95 over the five CREMA domains for GPCP (1996–2004; upper right panel), TRMM
(1998–2009; upper left panel), GCM ensemble (1976–2005; lower right panel), RegCM4 ensemble (1976–2005,
and RegCM lower left panel). Units are %
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periods (almost overlapping with each other) than the simulation reference one. We neverthe-
less decided to use the longer simulation period in the analysis in order to have more robust
statistics and because, without data assimilation, the model reference period does not refer to
the actual observed one (i.e. the model 1996–2004 is not the real 1996–2004). Although it is
possible that interdecadal variability might affect to some extent this evaluation, its effect is
likely small for the first order analysis presented here. For temperature we do not have
available gridded observed daily data that cover sufficiently well all of our domains, and
therefore we limit our analysis to the change signal.

3 Results

3.1 Assessment of precipitation indices for the present day reference period 1976–2005

In this section we first present an assessment of the RegCM4 and corresponding GCM
simulations of the two indices CDD and R95. Figures 1 and 2 compare these indices averaged
over the period 1976–2005 for the RegCM4 and GCM simulations and over the periods of
available data in the case of GPCP, and TRMM. All 5 CORDEX domains considered are
shown, and in those regions where they overlap, the domain is selected which is specifically
designed to best represent that region under the CORDEX protocol. For example, over the
northern areas of South America covered by both the Central and South America domains, the
latter is shown. For the models, ensemble average data for all simulations are presented.

Fig. 1 Mean value of CDD over the five CREMA domains for GPCP (1996–2004; upper left panel), TRMM
(1998–2009; upper right panel), GCM ensemble (1976–2005; lower left panel), RegCM4 ensemble (1976–2005,
and RegCM lower left panel). Units are No. days

42 Climatic Change (2014) 125:39–51



Proyecciones a partir del ensamble 
con RegCM4 (RCP8.5) 
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central America, the northeastern and eastern regions of Brazil, the western coastal
areas of West Africa, southern Africa, the Mediterranean and areas of central India
(more extended in the RegCM4 than the GCMs); increased precipitation over the
southeastern United States, la Plata basin, areas of equatorial and east Africa (more
extended in the GCMs), Southern India. The reader is referred to Coppola et al.
(2014, this issue) for more detail.

3.2.1 Heat wave day index (HWD)

As mentioned above, the heat wave index depends on two threshold parameters, the number of
consecutive days Nd exceeding an anomaly of Nt degrees C. Figure 4 shows the ensemble average
change in number of heat wave days (HWD) per year per degree of (local) warming, along with the
mean length of heat wave, when both Nd and Nt are equal to 5, which is a standard value used for
example by Tebaldi et al. (2006) andMeehl et al. (2007). The HWD is calculated using the daily
maximum temperature (TMAX) with respect to the reference mean TMAX, and therefore is
affected by mean warming as well as changes in variability. Also, for simplicity we use the same

Fig. 5 Ensemble mean change (2071–2100 minus 1976–2005) in CDD over the five CREMA domains. The
CDD is calculated for each year and then averaged over the 30- year period. Upper panel shows the GCM runs,
lower panel shows the RegCM4 runs. Units are No. Days

46 Climatic Change (2014) 125:39–51

Giorgi et al., 2014  

Cambio en el número de dias 
secos consecutivos 

HWDdefinition for all domains, however it was pointed out by one reviewer that different values of
Nt and Nd might be more suitable over different regions. Results are shown for both the RegCM4
and corresponding GCM ensembles. Table S2 reports the corresponding changes in number of heat
wave days averaged over five continents (land only) for each individual run.

The number of HWD increases over all regions due to the general warming projected by the
models, with maximum increases of up to 25–30 days/year over the Amazon Basin, Sahara,
Southern Africa, central India and Mediterranean. At the continental average scale (Table S2) the
changes are in the range of 20–30 days/year. In general both Fig. 4 and Table S2 show that the
change in number of heat wave days is somewhat larger in the GCMs than the RegCM4
simulations. This is mostly because, as mentioned above, the regional model produces lower
warming than the GCMs (Figure S2). The most noticeable exception is the central India region,
where the RegCM4 shows a greater change due to a greater projected decrease of precipitation
there (Figure S2). Compared to BATS, CLM is characterized by aweaker response to atmospheric
forcing and a lower climate sensitivity, which results in lower increases of HWD (Table S2).

A greater agreement between GCMs and RegCM4 is found in terms of changes in mean
length of heat waves (Fig. 4, right column), which are mostly in the range of 5–15 days
compared to values in the reference period mostly in the range of ~5–10 days. Most prominent

Fig. 6 Ensemble mean change (2071–2100 minus 1976–2005) in R95 over the five CREMA domains. The R95
is calculated for each year and then averaged over the 30- year periods. Upper panel shows the GCM runs, lower
panel shows the RegCM4 runs. Units are %
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Cambio en la precipitación intensa 



RCA4 REgCM4 REMO WRF PRECIS ETA
ERA-Int 0.44º 0.44º 0.44º 0.22º 0.22º RCP

EC-Earth 0.44º 4.5	/	8.5
MPI-ESM-LR 0.44º 0.44º 0.44º 4.5	/	8.5
ICHEC 0.44º 4.5	/	8.5
HadGEM 0.44º 0,44 0.22º 20	km 4.5	/	8.5
GFDL 0.44º 4.5	/	8.5

Regional	Model	(RCM)

Ø  Es suficiente para producir información 
climática confiable? 

Ø  Que información climática deberíamos 
producir para la región? 
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CORDEX SAM 



Desafíos en el MCR en Sudamérica 
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ü  Mayor resolución 
² Orografía 
² Convección explícita 

ü  Matriz más completa  
² Mayor coordinación regional 
ü  Modelos acoplados  

²  Océano / Hidrología  

ü  Predicción decadal 
ü Mejores bases de datos para aplicar 

“restricciones observacionales” 



CORDEX Flagship Pilot studies 
�  CORDEX-FPS-SA: “Extreme 

precipitation events in 
Southeastern South America: a 
proposal for a better 
understanding and modeling”    
�  Simulaciones con WRF con 

convección permitida 

Primer Taller CORDEX-FPS-SA – San José dos Campos, Brasil Marzo 2017 
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category in a specific region. Only categories where the
contribution to the precipitation is over 20% are shown
and further investigated.
Tables 2, 3, and 4 show the physical properties of

small, medium, and large echo objects, respectively, and
the differences between the total, weak, and strong ones.
The specific characteristics shown are

d mean total area covered by echo objects in each echo
category—as a measure of the horizontal extent of the
systems;

d mean altitude of the highest convective radar pixel
with a reflectivity value equal to or greater than
40 dBZ in the contiguous echo objects—as a measure
of the depth of embedded convective cells;

d horizontal area of the convective pixels with reflectiv-
ities over 40 dBZ divided by the total area—as a
measure of horizontal extent of intensive convective
regions;

d convective and stratiform rain fractions—asmetrics of
the contribution of convective and stratiform rain to
the total precipitation of the echoes.

FIG. 4. Precipitation patterns from small, medium, and large echoes: (left) total rain and (right) percentage.
Orographic contours as in Fig. 2.
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% Precipitación asociada a 
MCC verano 


