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Climate change in the High Mountain Asia simulated with CMIP6 models
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vEGU21

https://meetingorganizer.copernicus.org/EGU21/EGU21-8365.html

 Tue, 27 Apr 09:00–09:10

https://meetingorganizer.copernicus.org/EGU21/EGU21-8365.html


CMIP5

CMIP6

Biais de neige dans le modèle IPSL CMIP5 versus CMIP6
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Wang et al. (2013), Fig. 1 Wang et al. (2013), Fig. 5 

Cheruy et al. (2020), Fig. 6 

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/jgrd.50395
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/jgrd.50395
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2019MS002005


IPSL-CM6A-LR: Historical, AMIP, land-hist / IPSL-CM6A-ATM-HR bias 
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Snow cover bias Temperature bias

https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/Temperature.ipynb
https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/Snow%20cover.ipynb


Air Temperature zonal means bias global versus HMA

● Cold bias in troposphere and hot bias in stratosphere

● Cold bias of air temperature not restricted to HMA!

● HMA seems to amplify this bias

● The bias is reduced in HighResMIP 

Adapted from from Boucher et 
al., Fig. 3 (2020)
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https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/ta-global.ipynb
https://onlinelibrary.wiley.com/doi/abs/10.1029/2019MS002010


Nudged versus not nudged: snow cover* (tropo bias) 
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* Simulation: Frédérique Cheruy

https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CM6012-LR-amip-G-02/snc.ipynb


Problem with elevation?
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Original file of elevation has more than 500 m differences locally! 

Already targeted in 2018 :  https://lmdz.lmd.jussieu.fr/utilisateurs/reunion-utilisateurs/2018/jlmdz2018-sepulchre.pdf 

➝ 2 climatological experiments of 10 years with original and new topography (GMTED2010) 

https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/clim-relief/compare_topography.ipynb
https://lmdz.lmd.jussieu.fr/utilisateurs/reunion-utilisateurs/2018/jlmdz2018-sepulchre.pdf
https://docs.google.com/document/d/10uWTBB1ZHW-EvPgrc6YLzlzYHLmT3NXmUjwgm35B4R0/edit?usp=sharing
http://www.temis.nl/data/gmted2010/


Problem with elevation?
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https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/clim-relief/snc_clim-relief.ipynb


Snow cover in mountainous area
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Many other bias source possibles… aerosols, 
clouds, circulations, etc. 

-> but we decided to focus on topography

Swenson & Lawrence (2012) 

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2012JD018178


Couverture de neige
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1999-2012 climatologies / Observations :  MEaSUREs* (25 km de résolution) 
Nearest neighbor regrid towards GMTED2010 grid (6km)

IPSL-CM6A-ATM-HR IPSL-CM6A-LR

*Notebook comparaison MEaSUREs / NOAA CDR : Snow cover-MEaSUREs.ipynb + IPSL-CMA6-LR HighResMIP vs CMIP: snc_bias_HighResMIP_comparison_LR.ipynb

Sn
ow

 C
ov

er
 E

xt
en

t [
%

]

0

100

50

https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/snc_bias_with_topography_3D.ipynb
https://nsidc.org/data/nsidc-0530
http://www.temis.nl/data/gmted2010/
https://nsidc.org/data/nsidc-0530
https://data.nodc.noaa.gov/cgi-bin/iso?id=gov.noaa.ncdc:C00756
https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/Snow%20cover-MEaSUREs.ipynb
https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/snc_bias_HighResMIP_comparison_LR.ipynb


         Snow cover parameterizations

Roesch et al. (2001)

See more: notebook / code

Swenson and Lawrence (2012)

See more: notebook / code

Niu and Yang (2007) custom

See more: notebook / code

Actual version in Orchidée: Niu and Yang (2007) STD impact 
not visible 
(monthly)

STD
topo

+ vegetation areas (not done)

https://link.springer.com/article/10.1007/s003820100153
https://github.com/mickaellalande/PhD/blob/master/local/SCE_SWE_parametization/Roesch2001.ipynb
https://github.com/mickaellalande/SCA_parameterization/blob/R01/modipsl/modeles/ORCHIDEE/src_sechiba/condveg.f90#L890
https://github.com/mickaellalande/PhD/blob/master/local/SCE_SWE_parametization/Niu2007-std.ipynb
https://github.com/mickaellalande/PhD/blob/master/local/SCE_SWE_parametization/Swenson2012.ipynb
https://github.com/mickaellalande/SCA_parameterization/blob/SL12/modipsl/modeles/ORCHIDEE/src_sechiba/condveg.f90#L925
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2007JD008674
https://github.com/mickaellalande/PhD/blob/master/local/SCE_SWE_parametization/Niu2007-std.ipynb
https://github.com/mickaellalande/SCA_parameterization/blob/lmdz-zstd-to-condveg/modipsl/modeles/ORCHIDEE/src_sechiba/condveg.f90#L880
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2007JD008674


Éléments de code + Google Doc

https://docs.google.com/document/d/1gK69TtH3feRFu4q0MjmuouC8xG6Gcth6Qe9cbeY5vIM/edit?usp=sharing


Niu and Yang (2007) custom: commit, thredds

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2007JD008674
https://github.com/mickaellalande/SCA_parameterization/commit/7fb56b5c382351906892331f53504c8ab334ed27
https://vesg.ipsl.upmc.fr/thredds/catalog/idris_work/ufz23bm/IGCM_OUT/LMDZOR/PROD/clim/catalog.html


????????? -> no snow: commit, thredds

https://github.com/mickaellalande/SCA_parameterization/commit/e2dc27f6ae95e8534a40444b34a7657843b3741b#diff-908db2c541a1087fa05934383c4a6ec464ce754e747b3ff1324d6373f71cb1fdL875
https://vesg.ipsl.upmc.fr/thredds/catalog/idris_work/ufz23bm/IGCM_OUT/LMDZOR/PROD/clim/catalog.html


Swenson and Lawrence (2012): commits 1, 2, 3, 4, thredds

https://github.com/mickaellalande/PhD/blob/master/local/SCE_SWE_parametization/Niu2007-std.ipynb
https://github.com/mickaellalande/SCA_parameterization/commit/54ce1c21949dd6227c4537355600dd253abb04dd
https://github.com/mickaellalande/SCA_parameterization/commit/f4a82a01818ef9483232cfab7ce39743d97dc928
https://github.com/mickaellalande/SCA_parameterization/commit/2c63eb55c8beed77be2c8a6444dbbeb2fd0cb2cc
https://github.com/mickaellalande/SCA_parameterization/commit/4bea0a754b0eff5cec0fedbad3efe38995fc5ba3
https://vesg.ipsl.upmc.fr/thredds/catalog/idris_work/ufz23bm/IGCM_OUT/LMDZOR/PROD/clim/catalog.html


Roesch et al. (2001) without veget: code, thredds

https://link.springer.com/article/10.1007/s003820100153
https://github.com/mickaellalande/SCA_parameterization/blob/R01/modipsl/modeles/ORCHIDEE/src_sechiba/condveg.f90#L890
https://vesg.ipsl.upmc.fr/thredds/catalog/idris_work/ufz23bm/IGCM_OUT/LMDZOR/PROD/clim/catalog.html


Comparison to observations (ex: Roesch et al.; see more: github)

Problem : no good quality worldwide SWE/SCE observations! 
(mountainous area masked in recent products…)

-> Global EASE-Grid 8-day Blended SSM/I and MODIS Snow Cover, Version 1 (https://nsidc.org/data/NSIDC-0321/versions/1)? 

https://github.com/mickaellalande/PhD/blob/master/local/SCE_SWE_parametization/EASE-Grid_SCF-SWE_NH_params.ipynb
https://nsidc.org/data/NSIDC-0321/versions/1


Idées de travail
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● Caler les courbes par rapport aux obs (même si pas top)

● Peut-être rester sur la formule originale d’Orchidée modifiée et pourquoi pas Swenson (mais galère à 
implémenter et vérifier l’intérêt d’une formule d’accu et de fonte...)

● Puis faire de la validation en guidée (car le biais dans la tropo fausse complètement les résultats) mais 
rester en couplé AMIP pour laisser la couverture de neige “s'exprimer” 

● Puis faire du zoomé guidé pour voir si cela fonctionne également à meilleure résolution

● Ajouter d’autre paramètres que seulement la STD de la topo (altitude isotherme ? autre ?)

● On ne s’attend typiquement pas à résoudre tous les biais dans cette zone mais au moins mieux 
représenter la couverture de neige (autre problèmes: aérosols, couche limite, etc.)



Bibliographie
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Slides complémentaires
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Nudged versus not nudged 
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More: 
https://docs.google.com/document/d/1S
phVviaGEyB9KQbkgC4U2hC-qraRfaE-ojL

ayZcDGPU/edit?usp=sharing 

Back

https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CM6012-LR-amip-G-02/ta_zonal.ipynb
https://docs.google.com/document/d/1SphVviaGEyB9KQbkgC4U2hC-qraRfaE-ojLayZcDGPU/edit?usp=sharing
https://docs.google.com/document/d/1SphVviaGEyB9KQbkgC4U2hC-qraRfaE-ojLayZcDGPU/edit?usp=sharing
https://docs.google.com/document/d/1SphVviaGEyB9KQbkgC4U2hC-qraRfaE-ojLayZcDGPU/edit?usp=sharing


Comparison to observations (ex: Roesch et al.; see more: github)

Problem : no good quality worldwide SWE/SCE observations! 
(mountainous area masked in recent products…)

-> Global EASE-Grid 8-day Blended SSM/I and MODIS Snow Cover, Version 1 (https://nsidc.org/data/NSIDC-0321/versions/1)? 

https://github.com/mickaellalande/PhD/blob/master/local/SCE_SWE_parametization/EASE-Grid_SCF-SWE_NH_params.ipynb
https://nsidc.org/data/NSIDC-0321/versions/1


Swenson and Lawrence (2012) “theoric” depletion curves (see more: github)

A voir dans le modèle avec la courbe d’accu

https://github.com/mickaellalande/PhD/blob/master/local/SCE_SWE_parametization/EASE-Grid_SCF-SWE_NH_params.ipynb


Dynamico versus HighResMIP: snow cover*
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* Simulation: Sebastien FROMANG

https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CM7A-HR-v1.11/snc_MOD10CM.ipynb


Code LMDZ topography

- http://trac.lmd.jussieu.fr/LMDZ/browser/LMDZ6/trunk/libf/
phylmd/grid_noro_m.F90 

Éléments de code

Albedo

- https://orchidas.lsce.ipsl.fr/dev/albedo/

Code Orchidée

- http://forge.ipsl.jussieu.fr/orchidee/browser/branches/
ORCHIDEE_2_2/ORCHIDEE/src_sechiba/explicitsnow.f
90 

- http://forge.ipsl.jussieu.fr/orchidee/browser/branches/
ORCHIDEE_2_2/ORCHIDEE/src_sechiba/condveg.f90 

- http://forge.ipsl.jussieu.fr/orchidee/browser/branches/
ORCHIDEE_2_2/ORCHIDEE/src_sechiba/enerbil.f90 

“An independent hydrological budget is calculated for 
each soil tile, to prevent forests from exhausting all soil 

moisture. In contrast, only one energy budget (and 
snow budget) is calculated for the whole grid cell. ”

Boucher et al. (2020)

http://trac.lmd.jussieu.fr/LMDZ/browser/LMDZ6/trunk/libf/phylmd/grid_noro_m.F90
http://trac.lmd.jussieu.fr/LMDZ/browser/LMDZ6/trunk/libf/phylmd/grid_noro_m.F90
https://orchidas.lsce.ipsl.fr/dev/albedo/
http://forge.ipsl.jussieu.fr/orchidee/browser/branches/ORCHIDEE_2_2/ORCHIDEE/src_sechiba/explicitsnow.f90
http://forge.ipsl.jussieu.fr/orchidee/browser/branches/ORCHIDEE_2_2/ORCHIDEE/src_sechiba/explicitsnow.f90
http://forge.ipsl.jussieu.fr/orchidee/browser/branches/ORCHIDEE_2_2/ORCHIDEE/src_sechiba/explicitsnow.f90
http://forge.ipsl.jussieu.fr/orchidee/browser/branches/ORCHIDEE_2_2/ORCHIDEE/src_sechiba/condveg.f90
http://forge.ipsl.jussieu.fr/orchidee/browser/branches/ORCHIDEE_2_2/ORCHIDEE/src_sechiba/condveg.f90
http://forge.ipsl.jussieu.fr/orchidee/browser/branches/ORCHIDEE_2_2/ORCHIDEE/src_sechiba/enerbil.f90
http://forge.ipsl.jussieu.fr/orchidee/browser/branches/ORCHIDEE_2_2/ORCHIDEE/src_sechiba/enerbil.f90
https://onlinelibrary.wiley.com/doi/abs/10.1029/2019MS002010


Snow evolution

27

https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/clim-relief/check_SRF_files.ipynb
https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/clim-relief/check_SRF_files.ipynb


Paramétrisation sous-maille de la topographie
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https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/Bias%20correlation%20with%20Relief.nc.ipynb


Paramétrisation sous-maille de la topographie
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https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/Bias%20correlation%20with%20Relief.nc.ipynb

