OSuUG
IGE") _—a U C' N\
\ oo o Université A

Grenoble Alpes

Parametrisation de la couverture de neige
prenant en compte la variation de topographie sous-maille dans
LMDZ/Orchidée

Mickael Lalande

Doctorant 2019-2022
Encadrants : Martin Ménégoz et Gerhard Krinner

Institut des Géosciences de UEnvironnement (IGE, Grenoble, France)

PEDALONS neige — 12/04/2021


https://mickaellalande.github.io/project/phd/
http://martinmenegoz.neowordpress.fr/
http://www.ige-grenoble.fr/-gerhard-krinner-
http://www.ige-grenoble.fr/
https://lmdz.lmd.jussieu.fr/news/reunion-utilisateurs-lmdz
https://mickaellalande.github.io/

Climate change in the High Mountain Asia simulated with CMIP6 models

HMA annual projection anomalies (relative to 1995-2014 average)
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Biais de neige dans le modele IPSL CMIP5 versus CMIP6

WANG ET AL.: ORCHIDEE SNOW MODEL EVALUATION
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IPSL-CM6A-LR: Historical, AMIP, land-hist / IPSL-CM6A-ATM-HR bias

Annual climatology bias: 1981-2014 / Bilinear interpolation towards 143x144 grid Annual climatology bias: 1981-2014 / Bilinear interpolation towards 143x144 grid
a Historical (32) - NOAA CDR b AMIP (21) - NOAA CDR 100 a Historical (32) - CRU b AMIP (21) - CRU 20
90 18
40°N 40°N 80 40°N 16
70 14
60 12
o o 30°N
30°N 30°N 50 10
I 40 8
o o 20°N ls £
20°N 20°N I 30 6 o
20 & 4§
L0 5 2 &
70°E 80°E 90°E 100°E 70°E 80°E 90°E 100°E . % 70°E 80°E 90°E 100°E 70°E 80°E 90°E 100°E Lo 8
[ ] : . =
c land-hist (1) - NOAA GDR d HighResMIP (1) - NOAA CDR H c land-hist (1) - CRU d HighResMIP. (1) - CRU |, %
7 F-10 ; §
o -4 S
20 & @
of o Ll g ©
40°N 40°N r-30 40°N 40°N 2
B | g
- -40
-10
-50 o o
30°N 30°N 30°N 30°N o
-60
-14
-0 20°N 20°N
o o d -1
20°N 20°N -80 °
-18
-90
-20
-100 70°E 80°E 90°E 100°E 70°E 80°E 90°E 100°E
70°E 80°E 90°E 100°E 70°E 80°E 90°E 100°E


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
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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™ (

Snow cover extent annual climatology: 1999-2008 (CM6012-LR-amip-G-02)
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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 locally!

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

— 2 climatological experiments of 10 years with original and new topography (GMTED2010)
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Problem with elevation?

Snow cover extent annual climatology: 1982-1990
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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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https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2012JD018178

Couverture de neige
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*Notebook comparaison MEaSURES / NOAA CDR : Snow cover-MEaSURES.ipynb + IPSL-CMA6-LR HighResMIP vs CMIP: snc bias HighResMIP comparison LR.ipynb



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

Actual version in
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See more: notebook / code See more; notebook / code See more: notebook / code



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

ry

Eléments de code +

LMDZ physiq_mod.F90 phys_state_var_mod.F90
USE phys “state_var mod (déclaration des variables)
CALL phyetat0 (-starﬁ,hy‘nc'-_d.;sphyo,.abcm,o) ! Variables sauvegardees pour le startphy.nc
CALL pbl_surface 1
' phyetat0.F90

(lit le startphy.nc pour initialiser zstd_not_filtered)
pbl_surface_mod.F90 SUBROUTINE phyetat0 USE phys_state_var_mod

(conversion des points physique en points tinentaux pour Orchidée) = "
! This module manages the calculation of turbulent diffusion in the boundary layer O e aazstd ot e D ISR

! and all interactions towards the differents sub-surfaces.
CALL surf_land

surf_land_mod.F90
CALL surf_land_orchidee

1

surf_land_orchidee_mod.F90
CALL intersurf_initialize_gathered / CALL intersurf_main_gathered

Orchidée 1

intersurf.f90
(Subroutines for interfacing between the driver dim2_driver and sechiba and between LMDZ and sechiba)
SUBROUTINE intersurf_initialize_2d / SUBROUTINE intersurf_initialize_gathered -> CALL sechiba_initialize
SUBROUTINE intersurf_main_2d / intersurf_main_gathered -> CALL sechiba_main

}

sechiba.f90
(Str the calculation of atmospheric and hydrological variables by calling diffuco_main, enerbil_main, hydrolc_main
(or hydrol_main), enerbil_fusion, condveg_main and thermosoil_| mam Note that sechiba_main calls slowproc_main and thus
indirectly calcul the bi h as well)

SUBROUTINE sechiba_initialize / SUBROUTINE sechlba main -> CALL condveg_initialize / condveg_main

|

condveg. f90
(Initialise, compute and update the surface p issivif gh and albedo.)
SUBROUTINE condveg_|i |nmahze/ SUBROUTINE condveg main
CALL condveg_frac_snow - > frac_snow_veg(:) =

tanh(snowdepth(:)/(0.025*(snowrho_ave(:)*(1+zstd_not_filtered(:)/200.)/50.)))



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

Snow Cover Extent annual climatology: 1981-1989
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https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2007JD008674
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P0°7°7?°°?°7?7? -> no show:

Snow Cover Extent annual climatology: 1981-1989 Near-Surface Air Temp ire annual clit y: 1981-1
a LMDZOR-STD-REF b LMDZOR-STD-SL12 100 a LMDZOR-STD-REF b LMDZOR-STD-SL12 % g
°
- § 20 §
o & 0 g HMA (60°E-110°E)
i g 0 E LMDZOR-STD-REF
§ 10 - ERAI
o
20 e -20 (‘%
80°E  90°E  100°E 70°E  80°E  90°E  100°E 0 05
z
LMDZOR-STD-REF LMDZOR-STD-SL12 LMDZOR-STD-REF LMDZOR-STD-SL12 —_
d - NH_SCE_CDR_v01r01 e - NH_SCE_CDR_v01r01 -CRU_TS_4.04 e -CRU_TS_4.04 o
- _ o o M
45°N . 2 45°N 45°N 1“2
:l I s 10§
40°N g - 2 40°N 40°N 6 g y
o B s 55
35°N - 25 35°N - 35°N - at
0mg - = 2 8%
30°N, 0 O 30°N I 30°N = - @
- H -0 §
25°N 50 2 25°N 25°N 14 E
70°E  80°E  90°E  100°E 70°E 80°E 90°E  100°E 70°E  80°E  90°E  100°E 70°E 80°E  90°E  100°E §
=
LMDZOR-STD-REF B LMDZOR-STD-REF
b - NH_SCE_CDR_v01r01 R
¥ X 4 b CRU_TS_4.04 e - ERAI
80°N 80°N
60°N 60°N
40°N 40°N
20°N 20°N
N\
180° 120°W 60°W 0° 60°E 120°E 180°
LMDZOR-STD-SL12
d -CRU_TS_4.04
80°N 80°N
60°N 60°N
40°N 40°N T T
20°N 20°N
180° 120°W

180°

T T T T T

-50 -40 -30 -20 -10 0 10 20 30 40 50

Bias of Bias of
Snow Cover Extent [%] Near-Surface Air Temperature [°C]
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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. (

) without veget:

LMDZOR-STD-REF

Snow Cover Extent annual climatology: 1981-1989
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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:

Global EASE-Grid 8-day Blended SSM/I and MODIS Snow Cover, Version 1 (2000-2008) HMA
SCF parameterization RO1 - 8 day

i Oct Psnow=175.647 kg-m=  Nov Psnow=186.066 kg-m-?  Dec Penow=209.181 kg-m=2  Jan Psnow=229.853kg-m-3  Feb Psnow=250.957 kg-m=2  Mar Psnow = 265.962 kg -m-3 Penow=279.74 kg-m-3
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Problem :
(mountainous area masked in recent products...)

-> (Global 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 travalil

e (aler les courbes par rapport aux obs (méme si pas top)

e Peut-étre rester sur la formule originale d'Orchidée modifiee et pourquoi pas Swenson (mais galere a
implémenter et vérifier l'intérét d'une formule d'accu et de fonte...)

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

e Puis faire du zoomé guidé pour voir si cela fonctionne également a meilleure résolution
e Ajouter d'autre parametres que seulement la STD de la topo (altitude isotherme ? autre ?)

e On ne sattend typiqguement pas a résoudre tous les biais dans cette zone mais au moins mieux
représenter la couverture de neige (autre problemes: aérosols, couche limite, etc.)
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More:
https://docs.google.com/document/d/1S

ph\WiaGEVB9KObkeC4U2hC-graRfaE-ojL
avZcDGPU/edit?usp=sharing
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Nudged versus not nudged
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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:

Global EASE-Grid 8-day Blended SSM/I and MODIS Snow Cover, Version 1 (2000-2008) HMA
SCF parameterization RO1 - 8 day
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Problem :
(mountainous area masked in recent products...)

-> (Global 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:

All points
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A voir dans le modele 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*

Snow cover extent annual climatology: 2001-2014
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* Simulation: Sebastien FROMANG


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

Eléments de code

Albedo Code LMDZ topography

- https://orchidas.Isce.ipsl.fr/dev/albedo/ - http//tracdmd.jussieu.fr/LMDZ/browser/LMDZ6/trunk/libf/
phylmd/grid noro m.F90

Code Orchidée

- http://forge.ipsl.jussieu.fr/orchidee/browser/branches/

ORCHIDEE 2 2/ORCHIDEE/src sechiba/explicitsnow.f REAL, INTENT(OUT) :: zmea(:,:) I--- MEAN OROGRAPHY (imar+1,jmar)

90 REAL, INTENT(OUT) :: zstd(:,:) l--- STANDARD DEVIATION (imar+1,jmar)

i REAL, INTENT(OUT) :: zsig(:,:) 1--- SLOPE (imar+1l,jmar)
REAL, INTENT(OUT) :: zgam(:,:) l--- ANISOTROPY (imar+1,jmar)

. . el e : REAL, INTENT(OUT) :: zthe(:,:) l--- SMALL AXIS ORIENTATION (imar+1,jmar)
htto.//forge.|DSI.|USS|eu.fr/orch|dee/browser/bramches/ REAL. INTENT(OUT) :: spic(s i) o i bk
ORCHIDEE 2 2/ORCHIDEE/src sechiba/condveg.fo0 REAL, INTENT(OUT) :: zval(:,:) I--- MINIMUM ALTITITUDE (imar+1,jmar)

- http://forge.ipsl.jussieu.fr/orchidee/browser/branches/
ORCHIDEE 2 2/ORCHIDEE/src sechiba/enerbil.f90

!=== FILTERS TO SMOOTH OUT FIELDS FOR INPUT INTO SSO SCHEME.
!--- FIRST FILTER, MOVING AVERAGE OVER 9 POINTS.

zphi(:,:)=zmea(:,:) ! GK211005 (CG) UNSMOOTHED TOPO

“An independent hydrological budget is calculated for
emMﬂW@meme%ﬁmwaW@mmw mmm@g;mm&@ngmwgg;mwmmm
moisture. In contrast,

77

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
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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

Parameétrisation sous-maille de la topographie

NOAA NGDC GLOBE (1km

28


https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/Bias%20correlation%20with%20Relief.nc.ipynb

Parameétrisation 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

