
El clima de los Andes tropicales = interacción de procesos climáticos
de escala globales/regionales/locales
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Modelisación climática regional en CECC
¿Por qué modelar el clima de los Andes 

tropicales?



①Identificar los impactos del cambio climático global a nivel local

②Comprender los procesos climáticos locales / regionales / 
globales que influyen en los recursos hídricos de los Andes 
tropicales (glaciares, ríos, ecología, etc.) : enfoque a las 
precipitaciones

③Identificar y / o producir las variables atmosféricas más realistas
posibles para forzar modelos hidro-glaciológicos.

Modelisación climática regional
¿Por qué modelar el clima de los Andes 

tropicales?
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Modelisación climática
Los modelos de circulación global (GCMs) CMIP6

- GCMs: Resolucion espacial 1°-2.5°

Almazroui et al., (2021)



Almazroui et al., (2021)

Modelisación climática
Los modelos de circulación global (GCMs) CMIP6

Precipitaciones anuales promedios
1995-2014

- GCMs: Resolucion 1°-2.5°
- Region del Altiplano : biases de precipitaciones
- Zona de transición Andes-Amazonía : Sobre-

estimación de los hotspots (en cantidad de 
precipitacion y en extensión espacial



Ortega et al., (2021)

Cambios futuros de precipitaciones (2071-2100)– (1971-2000)
Scenario SSP5 8.0  

%

Cambio de pp en verano austral 
en la región del Altiplano.
- Aumento de pp en la parte 

Norte y Oeste
- Disminución en la parte Sur y 

Este

Problemática :
à Dado la mala
representación de la orografía
en la región, podemos confiar
en las projecciones futuras de 
los GCMs ?

Modelisación climática
Los modelos de circulación global (GCMs) CMIP6



à Necesidad de aumentar la resolución espacial e incorporar
parametrisaciones físicas adecuadas a zonas de topografía compleja

Global versus Rregional�

Water Resource 
Management 

Human Health 

Agriculture 

Disaster 
Protection 

31 

Regional model is a magnifying glass 

à Herramienta : downscaling dinámico (de escala global a local)



- 35 modelos CORDEX (con 
forzantes GCMs-CMIP5)

- Resolucion espacial a partir de 
20km

Clasificacion de los mejores
modelos CORDEX en la region
(Gutierrez et al., sometido):
-S20 Eta x3 (resolucion : 0.2°)
-S22 REMO x3 (resolucion : 0.22°)

Modelisación climática
Los modelos climaticos regionales (RCMs) CORDEX



MIROC5-Eta HadGEM2-Eta CanESM2-Eta

mm/day

Modelisación climática
Los modelos climaticos regionales CORDEX

Cambios futuros de precipitaciones (2050-2080)– (1980-2005) 
DJF scenario RCP8.5 (forzantes CMIP5) 

3/6 mejores modelos CORDEX

Se confima un dipolo Este-Oeste pero no Norte-Sur
à La disminucion de pp al Este parece relacionada a la señal negativa en los hotspots (influencia de la 

Amazonia)
à El aumento al Oeste parece relacionado a una señal costera (cambios de SST/ ENSO ?)
à Hay incertidumbre sobre las intensidades de las señales y el limite Este-Oeste de Aumento/disminucion



mm/day

Modelisación climática
Los modelos climaticos regionales CORDEX

Cambios futuros de precipitaciones (2050-2080)– (1980-2005) 
DJF scenario RCP8.5 (forzantes CMIP5) 

3/6 mejores modelos CORDEX

Pattern de cambio complejo
à Aumento de precip en los hotspots y los Andes mas al Norte de 14°S
à Disminucion en las partes alta y en el Sur del Altiplano

à à Analisis de procesos para entender la diversificacion de las señales de cambio

NorESM1-M - REMOHadGEM2-ES - REMOMPI-ESM-LR - REMO



Proximas etapas :
- Analysis en EOF de las salidas de precipitacion de los modelos
- Validacion con una base de datos observados (Hunziker et al., 

2018; J. Molina team) 
- Analisis de procesos asociados a los EOFs observados y 

modelizados.



Simulaciones climaticas regionales América del Sur en el 
marco del proyecto CECC

- Modelo RegIPSL WRF-ORCHIDEE : Dominio CORDEX : continental, 30 años
presente+futuro, 20km, con forzante el modelo MPI-HR (CMIP6 escenario SSP3 7.0)

- Modelo WRF Sub-dominios Andes tropicales, 10 años presente+futuro, 4 km



d01

• resolution: 20⇥ 20 km

• grid points: 390⇥ 510

• vert. lev.: 60

• time step: 100 s

Figure 1: Proposed domain for lower resolution simulation (20-km) covering the entire South American continent
(AmSud)

TIIIa: Perform 1-year test in the Amazon-Andes transition region at 1km

TIIIb: Simulate a complete 10-years simulation period, forced by the outputs at 4km (Objective TIIb)

TIV Climate scenario (New) This task will be perform next year, when the complete dynamical downscaling
chain is completely evaluated; the 20-km South America simulation (AmSud)– the 4-km sub-tropical
simulation (CentAmSud) – and the 1-km Amazon-Andes transition zone simulation (AmzAnd).

TIVa: Perform a multi-decade simulation within the climate of the XXth and XXIth century at 20km and
4km. The largest domain will be forced by GCM outputs from historical and future periods from
CMIP6 GCM outputs.

TIVb: Perform multi-years simulations (present-day and future periods) on the 1 km domain using the
outputs of the 4-km domain (task TIVa) as forcing conditions to explore valley processes.

TV Model validation (Original) This task will run over the entire period and aims to quality control
all simulations. A wide diversity of observations will be used in order to validate as many process as
possible using the diverse perspectives o↵ered by observations. The fact that ORCHIDEE includes a
routing scheme will allow us to also use hydrological data from catchments in the Andes to validate the
water cycle of the model. It is di�cult to determine model biases over the Pantanal area as none of the
re-analysis include the floodplains and its associated processes (Ruscica et al., 2015; Solman and Orlanski,
2016; Sörensson and Ruscica, 2018)

In table 3 the tasks and their schedule of execution is presented (split by 4-month quarters) and the person
responsible is also provided.
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- Modelo RegIPSL WRF-ORCHIDEE : Dominio CORDEX : continental, 30 años
presente+futuro, 20km, con forzante el modelo MPI-HR (CMIP6 escenario SSP3 7.0)

- Modelo WRF Sub-dominios Andes tropicales, 10 años presente+futuro, 4 km

Simulaciones climaticas regionales América del Sur en el 
marco del proyecto CECC



- Modelo RegIPSL WRF-ORCHIDEE : Dominio CORDEX : continental, 30 años
presente+futuro, 20km 

- Modelo WRF Sub-dominios Andes tropicales, 10 años presente+futuro, 4 km

Simulaciones climaticas regionales América del Sur en el 
marco del proyecto CECC
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• resolution: 20⇥ 20 km

• grid points: 390⇥ 510

• vert. lev.: 60

• time step: 100 s

Figure 1: Proposed domain for lower resolution simulation (20-km) covering the entire South American continent
(AmSud)

TIIIa: Perform 1-year test in the Amazon-Andes transition region at 1km

TIIIb: Simulate a complete 10-years simulation period, forced by the outputs at 4km (Objective TIIb)

TIV Climate scenario (New) This task will be perform next year, when the complete dynamical downscaling
chain is completely evaluated; the 20-km South America simulation (AmSud)– the 4-km sub-tropical
simulation (CentAmSud) – and the 1-km Amazon-Andes transition zone simulation (AmzAnd).

TIVa: Perform a multi-decade simulation within the climate of the XXth and XXIth century at 20km and
4km. The largest domain will be forced by GCM outputs from historical and future periods from
CMIP6 GCM outputs.

TIVb: Perform multi-years simulations (present-day and future periods) on the 1 km domain using the
outputs of the 4-km domain (task TIVa) as forcing conditions to explore valley processes.

TV Model validation (Original) This task will run over the entire period and aims to quality control
all simulations. A wide diversity of observations will be used in order to validate as many process as
possible using the diverse perspectives o↵ered by observations. The fact that ORCHIDEE includes a
routing scheme will allow us to also use hydrological data from catchments in the Andes to validate the
water cycle of the model. It is di�cult to determine model biases over the Pantanal area as none of the
re-analysis include the floodplains and its associated processes (Ruscica et al., 2015; Solman and Orlanski,
2016; Sörensson and Ruscica, 2018)

In table 3 the tasks and their schedule of execution is presented (split by 4-month quarters) and the person
responsible is also provided.
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WRF 4km (test 1M)



CORDEX América del Sur
m. aslSimulaciones CORDEX : RegIPSL WRF-ORCHIDEE en América del Sur

WRF-ORCHIDEE Evaluation
ERA5 

Historical Future Info supp

Continente 
(20km)

running

(1996-2020)
Run complete

Forcing GCM : MPI-ESM1-2-HR
Scenario SSP3 7.0

WRF3.7.1 
Floodplains

activated1981-2010 2051-2080 (Default)

In project
2051-2080 (without

deforestation)

In project

2051-2080 (deforestation
from Soares-Filho et al., 

2006)

Dominio AltFlood
(4km)
Por empezar

2001-2010 2001-2010 2051-2060
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Figure 1: Proposed domain for lower resolution simulation (20-km) covering the entire South American continent
(AmSud)

TIIIa: Perform 1-year test in the Amazon-Andes transition region at 1km

TIIIb: Simulate a complete 10-years simulation period, forced by the outputs at 4km (Objective TIIb)

TIV Climate scenario (New) This task will be perform next year, when the complete dynamical downscaling
chain is completely evaluated; the 20-km South America simulation (AmSud)– the 4-km sub-tropical
simulation (CentAmSud) – and the 1-km Amazon-Andes transition zone simulation (AmzAnd).

TIVa: Perform a multi-decade simulation within the climate of the XXth and XXIth century at 20km and
4km. The largest domain will be forced by GCM outputs from historical and future periods from
CMIP6 GCM outputs.

TIVb: Perform multi-years simulations (present-day and future periods) on the 1 km domain using the
outputs of the 4-km domain (task TIVa) as forcing conditions to explore valley processes.

TV Model validation (Original) This task will run over the entire period and aims to quality control
all simulations. A wide diversity of observations will be used in order to validate as many process as
possible using the diverse perspectives o↵ered by observations. The fact that ORCHIDEE includes a
routing scheme will allow us to also use hydrological data from catchments in the Andes to validate the
water cycle of the model. It is di�cult to determine model biases over the Pantanal area as none of the
re-analysis include the floodplains and its associated processes (Ruscica et al., 2015; Solman and Orlanski,
2016; Sörensson and Ruscica, 2018)

In table 3 the tasks and their schedule of execution is presented (split by 4-month quarters) and the person
responsible is also provided.
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RegIPSL

- Proyectos DARI 2022-2023 : recursos informaticos del IDRIS (PI L.Fita, CIMA / UMI-IFAECI, 
Buenos Aires, Argentina)+ participation IPSL

- 30 años de acoplamiento WRF-ORCHIDEE del continente a 20km (presente y futuro)
- WRF (Weather Research and Forecasting, NCAR, USA) modelo atmosférico, encajamiento

de dominios
- ORCHIDEE es el modelo de superficie del IPSL; Procesos de vegetacion e hydrologia

acoplados a la atmosfera

D024km



CORDEX Amérique du Sud
m. asl
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Figure 1: Proposed domain for lower resolution simulation (20-km) covering the entire South American continent
(AmSud)

TIIIa: Perform 1-year test in the Amazon-Andes transition region at 1km

TIIIb: Simulate a complete 10-years simulation period, forced by the outputs at 4km (Objective TIIb)

TIV Climate scenario (New) This task will be perform next year, when the complete dynamical downscaling
chain is completely evaluated; the 20-km South America simulation (AmSud)– the 4-km sub-tropical
simulation (CentAmSud) – and the 1-km Amazon-Andes transition zone simulation (AmzAnd).

TIVa: Perform a multi-decade simulation within the climate of the XXth and XXIth century at 20km and
4km. The largest domain will be forced by GCM outputs from historical and future periods from
CMIP6 GCM outputs.

TIVb: Perform multi-years simulations (present-day and future periods) on the 1 km domain using the
outputs of the 4-km domain (task TIVa) as forcing conditions to explore valley processes.

TV Model validation (Original) This task will run over the entire period and aims to quality control
all simulations. A wide diversity of observations will be used in order to validate as many process as
possible using the diverse perspectives o↵ered by observations. The fact that ORCHIDEE includes a
routing scheme will allow us to also use hydrological data from catchments in the Andes to validate the
water cycle of the model. It is di�cult to determine model biases over the Pantanal area as none of the
re-analysis include the floodplains and its associated processes (Ruscica et al., 2015; Solman and Orlanski,
2016; Sörensson and Ruscica, 2018)

In table 3 the tasks and their schedule of execution is presented (split by 4-month quarters) and the person
responsible is also provided.
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RegIPSL

+Deforestation experiments (projet AMANECER/MOPGA) 
àSierra et al. (submitted)
àWongchuig et al. (submitted)

Simulaciones CORDEX : RegIPSL WRF-ORCHIDEE en América del Sur

2021-2023 DARI calls (PI L. Fita, UMI IFAECI/CIMA, Buenos Aires, Argentine)

WRF-
ORCHIDEE

Evaluation
ERA5 

(1990-2020)

Historical Future Info supp

Continente 
(20km)

Run complete Forcing GCM : MPI-ESM1-2-HR
Scenario SSP3 7.0

WRF3.7.1 
Floodplains

activated1981-2010 2051-2080 
(Running)
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Figure 1: Proposed domain for lower resolution simulation (20-km) covering the entire South American continent
(AmSud)

TIIIa: Perform 1-year test in the Amazon-Andes transition region at 1km

TIIIb: Simulate a complete 10-years simulation period, forced by the outputs at 4km (Objective TIIb)

TIV Climate scenario (New) This task will be perform next year, when the complete dynamical downscaling
chain is completely evaluated; the 20-km South America simulation (AmSud)– the 4-km sub-tropical
simulation (CentAmSud) – and the 1-km Amazon-Andes transition zone simulation (AmzAnd).

TIVa: Perform a multi-decade simulation within the climate of the XXth and XXIth century at 20km and
4km. The largest domain will be forced by GCM outputs from historical and future periods from
CMIP6 GCM outputs.

TIVb: Perform multi-years simulations (present-day and future periods) on the 1 km domain using the
outputs of the 4-km domain (task TIVa) as forcing conditions to explore valley processes.

TV Model validation (Original) This task will run over the entire period and aims to quality control
all simulations. A wide diversity of observations will be used in order to validate as many process as
possible using the diverse perspectives o↵ered by observations. The fact that ORCHIDEE includes a
routing scheme will allow us to also use hydrological data from catchments in the Andes to validate the
water cycle of the model. It is di�cult to determine model biases over the Pantanal area as none of the
re-analysis include the floodplains and its associated processes (Ruscica et al., 2015; Solman and Orlanski,
2016; Sörensson and Ruscica, 2018)

In table 3 the tasks and their schedule of execution is presented (split by 4-month quarters) and the person
responsible is also provided.
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RegIPSL

Olmo et al. (2022)+ Agudelo et al. (submitted)
à Identificacion de un GCM forzante para las simulaciones a partir de tipos

de tiempos en la region tropical

Simulaciones CORDEX : RegIPSL WRF-ORCHIDEE en América del Sur

2021-2023 DARI calls (PI L. Fita, UMI IFAECI/CIMA, Buenos Aires, Argentine)

WRF-
ORCHIDEE

Evaluation
ERA5 

(1990-2020)

Historical Future Info supp

Continente 
(20km)

Run complete Forcing GCM : MPI-ESM1-2-HR
Scenario SSP3 7.0

WRF3.7.1 
Floodplains

activated1981-2010 2051-2080 
(Running)

+Deforestation experiments (projet AMANECER/MOPGA) 
àSierra et al. (submitted)
àWongchuig et al. (submitted)

Tesis de Jhoana
(hecho)
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Figure 1: Proposed domain for lower resolution simulation (20-km) covering the entire South American continent
(AmSud)

TIIIa: Perform 1-year test in the Amazon-Andes transition region at 1km

TIIIb: Simulate a complete 10-years simulation period, forced by the outputs at 4km (Objective TIIb)

TIV Climate scenario (New) This task will be perform next year, when the complete dynamical downscaling
chain is completely evaluated; the 20-km South America simulation (AmSud)– the 4-km sub-tropical
simulation (CentAmSud) – and the 1-km Amazon-Andes transition zone simulation (AmzAnd).

TIVa: Perform a multi-decade simulation within the climate of the XXth and XXIth century at 20km and
4km. The largest domain will be forced by GCM outputs from historical and future periods from
CMIP6 GCM outputs.

TIVb: Perform multi-years simulations (present-day and future periods) on the 1 km domain using the
outputs of the 4-km domain (task TIVa) as forcing conditions to explore valley processes.

TV Model validation (Original) This task will run over the entire period and aims to quality control
all simulations. A wide diversity of observations will be used in order to validate as many process as
possible using the diverse perspectives o↵ered by observations. The fact that ORCHIDEE includes a
routing scheme will allow us to also use hydrological data from catchments in the Andes to validate the
water cycle of the model. It is di�cult to determine model biases over the Pantanal area as none of the
re-analysis include the floodplains and its associated processes (Ruscica et al., 2015; Solman and Orlanski,
2016; Sörensson and Ruscica, 2018)

In table 3 the tasks and their schedule of execution is presented (split by 4-month quarters) and the person
responsible is also provided.
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RegIPSL

Olmo et al. (2022)+ Agudelo et al. (submitted)
à Identificacion de un GCM forzante para las simulaciones a partir de tipos

de tiempos en la region tropical
à Simulations alta resolucion Historical y Future en curso: Projet 

Informatique DARI en collaboration avec la UMI IFAECI (PI L. Fita) et l’IPSL
à Identificacion de los patterns de cambio de precipitacion en el Altiplano y 

analysis de procesos asociados

Simulaciones CORDEX : RegIPSL WRF-ORCHIDEE en América del Sur

2021-2023 DARI calls (PI L. Fita, UMI IFAECI/CIMA, Buenos Aires, Argentine)

WRF-
ORCHIDEE

Evaluation
ERA5 

(1990-2020)

Historical Future Info supp

Continente 
(20km)

Run complete Forcing GCM : MPI-ESM1-2-HR
Scenario SSP3 7.0

WRF3.7.1 
Floodplains

activated1981-2010 2051-2080 
(Running)

+Deforestation experiments (projet AMANECER/MOPGA) 
àSierra et al. (submitted)
àWongchuig et al. (submitted)

Tesis de Jhoana
(hecho)

(en proyecto)

(en curso)
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Figure 1: Proposed domain for lower resolution simulation (20-km) covering the entire South American continent
(AmSud)

TIIIa: Perform 1-year test in the Amazon-Andes transition region at 1km

TIIIb: Simulate a complete 10-years simulation period, forced by the outputs at 4km (Objective TIIb)

TIV Climate scenario (New) This task will be perform next year, when the complete dynamical downscaling
chain is completely evaluated; the 20-km South America simulation (AmSud)– the 4-km sub-tropical
simulation (CentAmSud) – and the 1-km Amazon-Andes transition zone simulation (AmzAnd).

TIVa: Perform a multi-decade simulation within the climate of the XXth and XXIth century at 20km and
4km. The largest domain will be forced by GCM outputs from historical and future periods from
CMIP6 GCM outputs.

TIVb: Perform multi-years simulations (present-day and future periods) on the 1 km domain using the
outputs of the 4-km domain (task TIVa) as forcing conditions to explore valley processes.

TV Model validation (Original) This task will run over the entire period and aims to quality control
all simulations. A wide diversity of observations will be used in order to validate as many process as
possible using the diverse perspectives o↵ered by observations. The fact that ORCHIDEE includes a
routing scheme will allow us to also use hydrological data from catchments in the Andes to validate the
water cycle of the model. It is di�cult to determine model biases over the Pantanal area as none of the
re-analysis include the floodplains and its associated processes (Ruscica et al., 2015; Solman and Orlanski,
2016; Sörensson and Ruscica, 2018)

In table 3 the tasks and their schedule of execution is presented (split by 4-month quarters) and the person
responsible is also provided.
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RegIPSL

Olmo et al. (2022)+ Agudelo et al. (submitted)
à Identificacion de un GCM forzante para las simulaciones a partir de tipos

de tiempos en la region tropical ; Agudelo et al. (submitted)
à Simulations alta resolucion Historical y Future en curso: Projet 

Informatique DARI en collaboration avec la UMI IFAECI (PI L. Fita) et l’IPSL
à Identificacion de los patterns de cambio de precipitacion en el Altiplano y 

analysis de procesos asociados

Simulaciones CORDEX : RegIPSL WRF-ORCHIDEE en América del Sur

2021-2023 DARI calls (PI L. Fita, UMI IFAECI/CIMA, Buenos Aires, Argentine)

WRF-
ORCHIDEE

Evaluation
ERA5 

(1990-2020)

Historical Future Info supp

Continente 
(20km)

Run complete Forcing GCM : MPI-ESM1-2-HR
Scenario SSP3 7.0

WRF3.7.1 
Floodplains

activated1981-2010 2051-2080 
(Running)

+Deforestation experiments (projet AMANECER/MOPGA) 
àSierra et al. (submitted)
àWongchuig et al. (submitted)

à DIFFUSION DE LAS SALIDAS EN UNA PLATAFORMA DE DIFUSION DE LOS DATOS (IRD-ANDEX)

Tesis de Jhoana
(hecho)

(en proyecto)

(en curso)




