
ISBA for climate modelling at CNRM 



The story starts in the early 1990s… but without ISBA 

Ø  CNRM-CM1 climate model developed at CERFACS 
Ø  Motivations: Study global climate, Seasonal 

forecast, Climate projections (IPCC report), etc…   

Ø Based on first version of ARPEGE GCM 



The story starts in the early 1990s… but without ISBA 

Ø Force-restore temperature following 
Bhumralkar (1975) and Blackadar (1976) 
with simple soil inertia and time constants 
set to 1, 5 and 20 days 

Ø Simple bucket for  hydrology and snow 
(Manabe 1969) 

Ø Based on first version of ARPEGE GCM 

Based on the EMERAUDE GCM 

Ø  CNRM-CM1 climate model developed at CERFACS 
Ø  Motivations: Study global climate, Seasonal 

forecast, and Climate projections (IPCC report)   



In the same time… ISBA within EMERAUDE GCM 

Ø  First implementation of ISBA in a 
climate GCM (thesis of Antonio Manzi) 

Ø  Motivation : Impact of deforestation 

Ø  ISBA-2L original scheme developed by Joel 
and Serge with the main land surface 
processes related to vegetation and soil, the 
gravitational drainage of Jean-François, an 
obscure simplified snow scheme, but no soil 
freezing 



In the same time… ISBA within EMERAUDE GCM 

Surface energy budget simulated in July 
(climatological diurnal cycle) at a grid point near 
Manaus  (observation from ARME experiment). 

ISBA-2L 

Old 
scheme 
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One year later… ISBA within ARPEGE GCM 



One year later… ISBA within ARPEGE GCM 

The first sub-grid process in ISBA:  
Important because coarse GCM grid 



Important contribution for coarse grids… used today yet ! 

Aggregation strategy for vegetation and soil parameters 

HAPEX-MOBILHY 

CH78 observations 
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Important contribution for coarse grids… used today yet ! 

Aggregation strategy for vegetation and soil parameters 

3D model 
1D agg. 

1D dominant 

3D model 1D agg. 
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From CNRM-CM2 to build CNRM-CM3 



From CNRM-CM2 to build CNRM-CM3 



From CNRM-CM2 to build CNRM-CM3 

Prognostic snow 
albedo and density 



From CNRM-CM2 to build CNRM-CM3 

Prognostic snow 
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CNRM-CM3 designed in the early 2000’s 
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Land surface ISBA-2L      

Atmosphere 
ARPEGE-Climat v3 (T63 ~2.8°) 



From CNRM-CM3 to build CNRM-CM5 



From CNRM-CM3 to build CNRM-CM5 



From CNRM-CM3 to build CNRM-CM5 

Grid-cell ~50 to 200 km 



 
ECUME      

CNRM-CM5 designed in the late 2000’s 
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ISBA-3L      

 
SURFEX v5.2 

Atmosphere 
ARPEGE-Climat v5 (T127 ~1,5°) 



Global offline climate studies with CM5 version of ISBA 

Detection & Attribution studies 

Sea level studies 

Hydrological studies 



From CNRM-CM5 to build CNRM-CM6 (today) 

Ø 14-Layers explicit soil scheme with the same 
sub-grid processes for runoff than previously 

Ø Boone et al., 2000 
Ø Decharme et al., 2011 & 2013 



From CNRM-CM5 to build CNRM-CM6 (today) 

Ø 14-Layers explicit soil scheme with the same 
sub-grid processes for runoff than previously 

Ø Boone et al., 2000 
Ø Decharme et al., 2011 & 2013 

Bias=-0.021; rms=0.034 
Bias= 0.003; rms=0.022  

Root zone soil moisture at SMOSREX 



From CNRM-CM5 to build CNRM-CM6 (today) 

Ø 14-Layers explicit soil scheme with the same 
sub-grid processes for runoff than previously 

Ø Boone et al., 2000 
Ø Decharme et al., 2011 & 2013 

Diurnal surface temp. 

Seasonal deep temp. 

-20cm -50cm -90cm 



From CNRM-CM5 to build CNRM-CM6 (today) 

Ø 14-Layers explicit soil scheme with the same 
sub-grid processes for runoff than previously 

Ø Boone et al., 2000 
Ø Decharme et al., 2011 & 2013 

Ø Soil organic carbon effects on soil properties 
Ø Decharme et al., 2016 

Ø 12-Layers explicit snow scheme (mass and 
heat) 

Ø Boone and Etchevers, 2001 
Ø Decharme et al., 2016 

Ø Transpiration via carbon cycling in the 
vegetation 

Ø Calvet et al., 1998 
Ø Joetzjer et al., 2014  

Ø Variable stream flow velocity according water 
mass and river network at 0.5° 

Ø Decharme et al., 2011 

Ø  Two-dimensional diffusive aquifer scheme 
allowing exchanges with the river and upward 
capillarity fluxes to the subsoil 

Ø Vergnes et al., 2012 & 2014 
Ø Vergnes and Decharme, 2012 

Ø Floodplains dynamical scheme allowing floodwater evaporation and soil re-infiltration 
Ø Decharme et al., 2008 & 2012 

Ø Two-way coupling between ISBA and CTRIP via a standardized coupling interface in SURFEX using OASIS-MCT 
Ø Voldoire et al. 2017 

Ø SURFEX interfaced with the XIOS I/O server in order to provide high performance output for massively parallel simulations 

https://www.umr-cnrm.fr/spip.php?article1092 
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CNRM-CM6 today 

ARPEGE  = T127 (~1,5°) or T355 (0,5°) 
NEMO  = 1° or 0,25° 
CTRIP  = 0,5° 

http://www.umr-cnrm.fr/cmip6/ 



CNRM-CM6 today 

(Voldoire et al., submitted at JAMES, 2019) 
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CNRM-CM6 today 

(Voldoire et al., submitted at JAMES, 2019) 



CNRM-CM6 today 

Climatological daily river discharges observed and simulated “in-line” over 1979-2010  



Earth System Model : CNRM-ESM2 

(Delire et al., in prep for JAMES, 2019) 

(Seferian et al., in prep for JAMES, 2019) 

Based on CNRM-CM6 but with : 
Ø  Prognostic atmospheric chemistry and aerosol 
Ø  Global carbon cycle 

http://www.umr-cnrm.fr/cmip6/ 



Conclusions 

Ø ISBA for climate modelling has been, is, and will be (I hope) used for many studies : 
Ø Climate projections for IPCC3, IPCC5 and now IPCC6 
Ø Seasonal forecast activities (Copernicus) 
Ø Impact of land surface on climate predictability 
Ø Land surface versus Climate impacts and/or feedbacks (soil moisture, deforestation, Eurasian snow, etc.) 
Ø Detection/Attribution of climate change on the land surface 
Ø Global hydrology, water resources 
Ø Etc… 

Ø Joël Noilhan contribution to climate modeling at CNRM is major : 
Ø He has always maintained ISBA close to "the state of the art” trough his own work or students supervision 
Ø His work is always used today (as for example the work on “aggregation method”) 
Ø Its insistence to promote the coupling of SURFEX and ARPEGE-Climat to prepare CNRM-CM5 
Ø To initiate in 2008 the transition from the “force-restore” to the “diffusion soil scheme” for CNRM-CM6 
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Ø Joël Noilhan contribution to climate modeling at CNRM is major : 
Ø He has always maintained ISBA close to "the state of the art” trough his own work or students supervision 
Ø His work is always used today (as for example the work on “aggregation method”) 
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Ø He would be happy to see ISBA now simulates also soil gases diffusion and methane emissions 

O2, CO2 and CH4 soil concentration for 
a peatland in Greenland permafrost  



http://www.umr-cnrm.fr/cmip6/ 

«The CNRM Climate and  
Earth System Models for CMIP6 » 
JAMES special issue 


