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The story starts in the early 1990s... but without ISBA
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» CNRM-CMI climate model developed at CERFACS
» Motivations: Study global climate, Seasonal

forecast, Climate projections (IPCC report), etc...
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> Based on first version of ARPEGE GCM
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» CNRM-CMI climate model developed at CERFACS
» Motivations: Study global climate, Seasonal
forecast, and Climate projections (IPCC report)
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»Force-restore temperature following
Bhumralkar (1975) and Blackadar (1976)
with simple soil inertia and time constants
setto 1, 5 and 20 days
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> Based on first version of ARPEGE GCM

The soil moisture 15 described by two reservoirs
Way and W, The maximum value is 20 mm for
Wi and 100 mm for W, The time evolution of the
reservoirs follows the scheme proposed by Deardorff
(1977). A snow reservoir W, 1s also calculated. The
snow cover S, is given by:

w.ﬂ:r:‘
7 7
" Snow T W sCri

with W...=10 mm.

S.= (45)

» Simple bucket for hydrology and snow
(Manabe 1969)

Based on the EMERAUDE GCM




In the same time... ISBA within EMERAUDE GCM
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Implementation of the ISBA parametrization scheme for
land surface processes in a GCM — an annual cycle
experiment
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» First implementation of ISBA in a
climate GCM (thesis of Antonio Manzi)
» Motivation : Impact of deforestation

» 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-Francois, an
obscure simplified snow scheme, but no soil
freezing
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In the same time... ISBA within EMERAUDE GCM
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Fig. 8. Surface air temperature averaged for the three simulated July months at the nearest grid point from
Manaus (3°S, 60°W) for ISBA and control experiments and observations from the ARME experiment
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One year later... ISBA within ARPEGE GCM

AUGUST 1995 JOURNAL OF CLIMATE VoLume §

The Land Surface Scheme ISBA within the Météo-France Climate Model ARPEGE.
Part I: Implementation and Preliminary Results
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J. NolLHAN, H. GIORDANI, AND M. DEQUE
Météo-France /CNRM, Toulouse, France
(Manuscript received 14 July 1994, in final form 28 February 1995)
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FIG. 7. Mean annual runoff for the world's largest rivers. Com-
parison between modeled runoff and observed runoff of Milliman
and Maede (1983).
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By assuming an exponential distribution of precip-
itation ( Eagleson et al. 1987), the drip from the inter-
ception reservoir can be written as (Shuttleworth

The parameter p represents the fraction of the grid cell

. area covered by rainfall, and P, is the mean precipi-
FIG. 7. Mean annual runoff for the world’s largest rivers. Com- tation rate predicted by the GCM above the canopy
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Important contribution for coarse grids... used today yet !
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From CNRM-CM2 to build CNRM-CM3
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From CNRM-CM2 to build CNRM-CM3
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CNRM-CM3 designed in the early 2000°s

Manuscript draft submitted to Climate Dynamics, 30 september 2005

Description and validation of the CNRM-CMa3 global coupled model
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From CNRM-CM3 to build CNRM-CMS5
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From CNRM-CM3 to build CNRM-CMS5
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CNRM-CMS designed in the late 2000’s
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Global offline climate studies with CM5 version of ISBA
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From CNRM-CMS to build CNRM-CM6 (today)

» 14-Layers explicit soil scheme with the same
sub-grid processes for runoff than previously
» Boone et al., 2000
> JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 116, D20126, doi:10.1029/2011JD016002, 2011

Local evaluation of the Interaction between Soil Biosphere
Atmosphere soil multilayer diffusion scheme using four
pedotransfer functions

B. Decharme,' A. Boone,' C. Delire,' and J. Noilhan'

Received 24 March 2011; revised 13 July 2011; accepted 8 August 2011; published 27 October 2011.
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From CNRM-CMS to build CNRM-CM6 (today)

» 14-Layers explicit soil scheme with the same
sub-grid processes for runoff than previously
» Boone et al., 2000
> JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 116, D20126, doi:10.1029/2011JD016002, 2011

Local evaluation of the Interaction between Soil Biosphere
Atmosphere soil multilayer diffusion scheme using four
pedotransfer functions
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From CNRM-CMS to build CNRM-CM6 (today)

» 14-Layers explicit soil scheme with the same

sub-grid processes for runoff than previously

» Boone et al., 2000
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From CNRM-CMS5 to build CNRM-CM6 (today)

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

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

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

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

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

» Transpiration via carbon cycling in the
vegetation

»Calvet et al., 1998

»Joetzjer et al., 2014
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» SURFEX interfaced with the XIOS I/O server in order to provide high performance output for massively parallel simulations
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CNRM-CM6 today

CNRM-CM5.1 CNRM-CMeé-1 Ocean Land
JJAS BIAS=-0.26 RM5=1.53 JJAS BIAS=-0.39 RM5=1.4%

Figure 4: Biases in near surface temperature over land and of sea surface temperature (SST) over oceans for CNRM-CM5.1
(first column) and CNRM-CM6-1 (second column) in DJFM (top row) and JJAS (bottom row). Biases are estimated as
the difference between ensemble means of model historical simulations averaged over 1981-2010 and the average of several
datasets over the same period. Details on observation products used can be found in Appendix 1. Zonal mean errors over
ocean (third column) and land (last column) show the inter-member range (+1,64 times the inter-member variance) for
simulations in color shading and the range of data for observational estimates in grey shading.

(Voldoire et al., submitted at JAMES, 2019)
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Figure 9: Comparison between observed and simulated monthly-mean seasonal cycles of (a) snow cover extents and (b)
surface albedo. Observation are in black, CNRM-CMD5 in blue and CNRM-CM6 in red. Details on observation products and
processing can be found in Appendix 1.

(Voldoire et al., submitted at JAMES, 2019)
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Figure 9: Comparison between observed and simulated monthly-mean seasonal cycles of (a) snow cover extents and (b)
surface albedo. Observation are in black, CNRM-CM5 in blue and CNRM-CM6 in red. Details on observation products and
processing can be found in Appendix 1.
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Climatological daily river discharges observed and simulated “in-line” over 1979-2010




Earth System Model : CNRM-ESM2

Based on CNRM-CM6 but with :
* » Prognostic atmospheric chemistry and aerosol
» Global carbon cycle
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(Seferian et al., in prep for JAMES, 2019)

Soil & River transport¢
respiration

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



Conclusions

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

» Global hydrology, water resources
»Etc...

» Joél Noilhan contribution to climate modeling at CNRM is major :

» He has always maintained ISBA close to "the state of the art” trough his own work or students supervision
» His work is always used today (as for example the work on “aggregation method”)

» Its insistence to promote the coupling of SURFEX and ARPEGE-Climat to prepare CNRM-CM5

» To initiate in 2008 the transition from the “force-restore” to the “diffusion soil scheme” for CNRM-CM6
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»He would be happy to see ISBA now simulates also soil gases diffusion and methane emissions
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The status of CNRM’s CMIP6 simulation realisations and publications on the ESGF
is available here.

(2019/03/05) : First ScenarioMIP, AerChemMIP, DAMIP and RFMIP simulations
are published on ESGF

(2019/02/19) : CNRM-CM6-1 LR historical simulations (10 members) are

http://www.umr-cnrm.fr/cmip6/ published on ESGF

(2019/01/28) : CNRM-CM6-1 LR and CNRM-ESM2-1 ‘amip’ DECK simulations are
published on ESGF

(2018/11/06) : CNRM-CM6-1 HR spin-up simulation has been launched

(2018/10/26) : CNRM-ESM2-1 "1pctCO2’ and ‘abrupt-4xCO2’ DECK simulations
are published on ESGF

(2018/10/04) : CNRM-CM6-1 LR ’historical’ DECK simulation is published on ESGF

(2018/09/28) : first CMIP6 CNRM-ESM2-1 DECK simulation ‘piControl-spinup’ is




