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CORDEX Original Domains 

Giorgi et al. 2009, 

CCA 



 
Diro et al. 2012; Fuentes-Franco et al. 2014; Nikulin 

 

CORDEX CCA and CCA2 Domains 
ICTP and Sweden groups 

 

CCA 

CCA2 
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NARCCAP Region 
 

!   US groups (Iowa: Gutowski and Arritt; Berkeley: Wehner; NCAR: 
Bukovsky et al. ) 

!   Sweden group (G. Nikulin) 
!   Mexico group (Cerezo-Mota, Cavazos, et al.) 
!   Canadian-Swiss group (Martynov et al., Separovie et al.) 
! UNAMex - U of AZ (Benjamin Martinez and Chris Castro) 

http://www.narccap.ucar.edu/ 
(m) 

Canadian/Swiss group 
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!  Germany group (Hamburg and MPI, Jacobs et al.) – Validations in all CORDEX 
regions using REMO 

 

!  U of Arizona and UNAM-Mex – dynamical downscaling (WRF; REMO coupled 
to oceanic MPI at 100, 50, 25 and 17 km) for a region larger than NARCCAP.  
Interested in doing CORDEX (Chris Castro and B. Martinez) 

 

!  U of Costa Rica – interested in going to the RegCM workshop in Nov, but not 
working in CORDEX now (Jorge Amador and Eric) 

 

!  Caribbean Islands – Cuba and other Islands doing regional modeling 

Other Modeling Groups 



nn  CORDEX CCA2 and NARCCAP 
Process Studies and Validations 

 

!  NARCCAP: NA monsoon, GPLLJ, SST biases  
- CRCM5: Martynov et al. 2013; Separovie etal. 2013 

!  NARCCAP: Extreme events and NA monsoon 
- Ensemble of several RCMs: Wehner 2013 
- Several RCMs: Cerezo-Mota, Cavazos, Arritt, et al. 

!  CCA2: Diurnal cycle and convection 
- RegCM4: Diro et al. 2012 

!  CCA2: CLLJ, MSD, warm pools, sensitivity to 
SSTs and land-surface schemes 

- RegCM4: Diro et al. 2012; Fuentes-Franco et al. 2014 
!  CCA2: Tropical cyclones, extreme events 

- RegCM4: Fuentes-Franco et al. 2014; Diro et al. 2014 
!  Precipitation (regional validations – all groups) 
!  CMIP5 studies and regional validations 



Giorgi et al. 2009, 

Original CORDEX Domains:  
NARCCAP and CCA 

Monsoon Precip  (mm) 

CCA: Caribbean – Centro America 

CCA NBdy = 32 N 

NARCCAP SBdy = 18 N 



Mean Summer (JJA) SLP (mb) based on  
6 CMIP5 GCMs (1979-2004) 

 

(HadGem2-ES, MPI, MRI, CSIRO, CNRM, Can) 

CCA  N Bdy 

NARCCAP  S Bdy 

Torres-Alavez et al. 
2014, J. Climate 

- Monsoon low 
- Mid-tropos A 
- NASH 
    - warm pool,    
    - CLLJ 
- NPSH 
- Land-sea 
thermal 
contrast (LSTC) 
- ITCZ 

NPSH 
A500 

LSTC (Desert-EPAC) modulates the onset of the monsoon  

CCA2  N Bdy 



Change in the land-sea thermal contrast 
(2075-2099 and 1979-2004) 

	
  	
  	
  LSTCHIST	
  =	
  4.5	
  °C	
  
LSTCRCP8.5	
  =	
  8.6	
  °C	
  

ens_GCM  Historic 
(1979-2004)  ONSET 

Future:  
Earlier & intense start ? 

Torres-Alavez et al. 2014 

+ 



Historic: 
1979-2004 

LSTC = 4.5oC 

RCP8.5: 
2075-2099 

LSTC = 8.6oC 
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6 CMIP5 GCMs: Summer (JJA) Tskin (°C)  
Historic (1979-2005) and RCP8.5 scenario (2075-2099)  

6 GCCMs 
 

- Land-sea 
midTropospheric 
thermal contrast: 
decrease (JJ) 
- Increase MidTr 
Stability (Torres-
Alavez et al. 
2014) 
- Less NAM Prec 
 

RegCM4 
 

- Thermal 
gradients (Diro et 
al. 2013; 
Fuentes-Franco 
et al. 2014) 



EPAC Warm Pool 
SST>28.5C 

Size of EPAC and NATL Warm Pools 

1970-2010 

_______ 

Warm EPAC and Cool NATL: Kozar & Mizra 2013; Fuentes-Franco et al. 2014  



Fuentes et al. 2014, Clim Dyn, submitted 

MSD region è drier 

MSD region 
+     - 



HURDAT:  
NCDays 

 
 

RegCM4 forced  
by HadGEM2-ES 



Fuentes-Franco et al. 2014, Clim. Dyn 
GPCP precip (mm/d) and U925 winds (m/s) 

DJF ERA JJA ERA 

DJF RegCM4 JJA RegCM4 

Bias Bias 



Fuentes-Franco et al. 2014 
RegCM4 forced by HadGEM2-ES 

 
Winter wet biases are common to CMIP3, CMIP5, RCMs 

(Consistent with Bukovsky et al. 2013; Geil et al. 2013; Jiang et al. 2012; 
Torres-Alavez et al. 2014), but not the summer wet biases 

 



Fuentes-Franco et al. 2014 
P95 precipitation  

(RegCM4  BATS) 

OBS 
 
 
 
 
 
RegCM4 



Obs 
JJAS Precip  

(mm/d) 
 

Mixed  
Convective 
Parameter.: 

Emanuel over  
oceans,  

Grell over land 

CLM 3.5: 
Comm Land  

Model 
 

DCSST: 
Diurnal 
Cycle 
SST 

Scheme 

BATS 
Scheme 



CORDEX CCA2 
RegCM4 forced by ERA 

 
ERA is dry in the NAMonsoon 

Diro et al. 2012 

RegCM4_CLM 
Good 

RegCM4_CLM 
Dry 



JJA Precip (mm/d) 
Monsoon region 
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CRCM-Can and CRCM-MPI è RCMs improve simulation 
compared to parent GCMs, but RCMs reflect parent GCMs 

(Separovie et al. 2012) 

Core NA Monsoon: 

Dry 
Wet 



Annual cycle of precipitation (mm/d) in NA monsoon: 
NARCCAP 

2 Obs, ERA, NARR, HadGEM-ES2, 2 RCMs 

Cavazos, Torres-Alavez, Arritt, Cerezo-Mota, de Grau 



6 CMIP5 GCMs: Winter (DJF) Z200 hPa zonal wind 
Historic and future mean change (RCP8.5 scenario)  

Torres-Alavez et al. 2014, J. Climate 
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Historic: 1979-2004 

2075-2099 minus 1979-2004 



Mean seasonal observed precipitation (mm) 
North American Monsoon Region  

Cavazos, Torres-Alavez, Cerezo-Mota, de Grau 



JJA and DJF mean observed thresholds of P95 
precipitation (mm/d) in the NAM region 

JJA 

DJF 

Obs 
HadGem3RA ---- 



Summer (JJA) mean wind vector composites at 850 mb during 
days with extreme precipitation events (> P95) for 1979-2005 

a) ERA-Interim b) HadGEM3RA 

c) ERA-Interim anom d) HADGEM3RA anom 



Torres-Alavez et al. 2014, J. Climate 

Vertically integrated MF and MF Convergence (mm/d) 

CMIP5 



 
!   CCA2 domain better captures summer and winter features relevant 

for the whole region 
!   Thermal gradients between the Gulf of Mexico/Caribbean region and 

the Eastern Pacific (Franco-Fuentes et al. 2014)  
       Precipitation in Mexico, CLLJ intensity, MSD, TCs 
!   Land-sea thermal contrast: MSD, land-sfc schemes 
       Diro et al. 2012 
!   Size of the Pacific and Atlantic warm pools (Kozar and Mizra 2013; 

Martinez-Sanchez and Cavazos 2014; Wang et al. 2008; Franco-
Fuentes et al. 2014) 

       Tropical cyclones, CLLJ, ENSO, Subtrop. highs 
!   Surface and mid-tropospheric land-sea thermal contrast (Turrent and 

Cavazos 2009; Torres-Alavez et al. 2014)  Onset of the NA 
Monsoon, precipitation, stability 

!   Winter teleconnections, ENSO, extremes 

Concluding remarks for RCMs 
è Parent GCM with small biases 



Change in  QV y MFC (Sfc to 200 hPa) 
(2075-2099 minus Historic) 

Conv  (mm/d) Div 

JJA SON 

Coastal monsoon region:  
Stronger Div and weakened monsoon trough, especially in July 



Important: Prescribed lower boundary conditions  
(SSTs and sea-ice concentration) 

 
!   The selection of CGCMs for regional downscaling is critical for the 

quality of RCM simulations and is usually based on the quality of CGCM simulations 
in the region of interest  (e.g., Pierce et al. 2009; Bukovsky et al. 2013) and its ability 
to reproduce the observed lower boundary conditions (Separovie et al. 2013). 

!   CRCM5 shows a cold/warm bias in the Pacific consistent with 
Martynov et al. (2013) 

(CRCM5) 



JJAS monsoon precipitation using CMIP5 GCMs 
(Torres-Alavez et al. 2014, J. Climate) 

è Reversed land-sea thermal contrast 



(Clim Dyn, 2013) CRCM5 
 
 
 
 
 
 

Cold & wet 
bias 

 
 

GPLLJ  
OK 
 
 

Regional 
Improve-

ment 



Both CRCM-Can and CRCM-
MPI exhibit a cold bias of 
2–6oC off the midlatitude 
Pacific Coast in winter and a 
w a r m b i a s o f f  t h e 
subtropical Pacific Coast in all 
seasons. This warm bias is 
exceptionally large in CRCM-
MPI in summer when it 
reaches 6oC and also extends 
far ther nor thward. Both 
m o d e l s  a l s o  h a v e 
considerable SST biases in 
the Atlantic, warm bias off the 
East Coast and a strong cold 
bias in north-central Atlantic 

SST bias (oC) 
CRCM-Can             CRCM-MPI 

DJF 
 
 
 
 
 
 

JJA 





Observed and historic CMIP5  
JJA Precip (mm/d) during 1979-2004 
GPCP	
   ERA-­‐Interim	
   Ens_GCMs	
  

Can	
   CNRM	
   Had	
  

MIROC5	
   MPI	
   MRI	
  

Torres-Alavez et al. 2014, J. Climate 



Separovie et al. 2013                           Regional Validations 

Two transient c l imate-change RCM 
downscaling experiments over the North 
American CORDEX domain using the 
CRCM5 driven at the lateral boundaries and 
ocean surface by ERA and 2 CMIP5 models, 
CanESM2 and MPI-ESM: 
 

Driven-simulations: 
CRCM-ERA40 

CRCM-Can 
CRCM-MPI 

 
 
Validation: The ERA-driven CRCM5 
simulation has a high skill in realistically 
reproducing the North American Monsoon, 
the Great Plains Low-Level Jet and its 
influence on the precipitation diurnal cycle in 
summer. 



Change in  QV y MFC (Sfc to 200 hPa) 
(2075-2099 minus Historic) 

Conv  (mm/d) Div 

JJA SON 

Coastal monsoon region:  
Stronger Div and weakened monsoon trough, especially in July 



Diro et al. 2012 – 2 land surface schemes 



JJA 925 hPa meridional wind (m/s) 
(Martynov et al. 2013) 



(Martynov et al., 2013) 

Regional metric validation: NA Monsoon 
 

JJA and DJF Precipitation (m/d) 



Original CORDEX Regions 

Jacob et al. 2012 



Extremes in regional models – 
CMIP5 - NARCCAP 



Mean NARCCAP RCM ensemble 
Changes 2038-2070 minues 1968-1999 (Wehner 2013). 

        (a) Mean precip (%)                     (b) Max daily precip         

(c) 20-yr return value of max daily 
precip       





J. Climate 2014 

Future Changes in MFC (Torres-Alavez et al. 2014) 



NAM – monsoon retreat problem 
(21 GCMs of the CMIP5) 



Fuentes et al. 2014 

Camargo et al. 2014 



TC tracks from Obs and CMIP5 
models (Camargo et al.)  



TC tracks from Obs and CMIP5 
models (Sheffield et al. 2013)  



TC tracks from Obs and CMIP5 
models (Sheffield et al. 2013)  



TC frequency from Obs and CMIP5 
models (Camargo et al.)  



Fuentes-Franco et al. 2014 



Future Monsoon Changes 
 (RCP8.5: 2075-2099) – (1979-2004) 



CONCLUSIONS 

We analyzed daily and seasonal precipitation extremes in the North American 
monsoon region based on the 95 percentile (P95) thresholds for the 1979-2005 
historical period, and the expected changes in 2075-2099 under the RCP8.5 
scenario.  
 
The validation of historical extreme precipitation exceeding the 95th percentile 
over the North America monsoon show that the regional model HadGEM3RA 
reproduces adequately the interannual variability and intensity of the P95 
thresholds during all seasons  while the ERA and the HadGEM2-ES 
underestimate them.  
 
In the future, the model HadGEM2-ES projects a decrease in the P95 threshold 
of summer precipitation and an increases of it in the fall, which could be 
attributed to larger positive anomalies of the moisture during fall than in 
summer over the NAM region (Figure. 5) associated to the positive changes in 
the surface moisture flux over the mouth of the Gulf of California in the autumn. 



Seasonal mean thresholds of P95 precipitation (mm/d) 
in the NAM region for the RCP8.5 scenario 



Changes in seasonal 95th percentile of daily precipitation (in mm) 
for the 2075–2099 period (RCP8.5 scenario)  

relative to the 1979–2005  

JJA 

SON 



Changes in seasonal surface (10m) moisture content SON and 
moisture flux during days with extreme precipitation events (> P95) 
for the 2075–2099 period (RCP8.5 scenario) relative to the 1979–2005 

q10m 

q flux 10m 



Annual Cycle of Tskin (°C) for Land and Sea: 
ERA Interim and ens_GCM (1979-2004)  

          ERA :  
ens_GCM :                                                                 
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ERA:	
  +	
  LSTC	
  in	
  May	
  

ens_GCM	
  	
  

Ocean 

(Turrent & Cavazos 2009, Geophys. Res. Lett.) 



CCA-UNAM, Remo-MPI 

El 28/03/2014 07:41 a.m., Benjamin Martinez escribió: 
Que tall Tere, estamos hacienda algunas cosas usando el modelo 
REMO acoplado Al modelo oceanic del MPI. Tenemos corridas 
a 100, 50, 25 y 17 km tanto en modo oceanico como acoplado. 
Estamos apenas analizando las corridas historicas (1950-2005) 
y esta planeado hacer unas proyecciones. De cordex no hemos 
Usado nada pero podriamos ver si existe algo que pudieramos  
Utilizar para comparar. 
 
Estamos viendo lo del Jet de niveles bajos del Caribe. En otro articulo 
simplemente mostramos la convergencia de la solución numérica a las 
observaciones al incrementar la resolucion, enfatizando el acoplamiento 
y como el acoplado a 17 km simula bastante bien el campo de precipitación. 
En otro mas que apenas estamos inicando, se ve lo del monzon. Esos son los 
temas por ahora. 
 


