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Objective and presentation outline

Objective: Improving the representation of snow cover in mountain regions in CMGs.

/ #1 Description and \ /#2 Parameterization of\ / #3 Technical and \

evaluation of the IPSL snow cover in mountain practical information
model in HMA regions




Context: what is snow?




Context: snow bias in IPSL model CMIP5 versus CMIP6

Bias of the snow cover fraction
(i.e., simulated - observed snow fraction)

Old version (CMIP5) New version (CMIP6)
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Fig. 7 Cheruy et al. (2020)
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https://onlinelibrary.wiley.com/doi/10.1029/2019MS002005
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https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/Snow%20cover.ipynb
https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/Temperature.ipynb

Air Temperature zonal means bias global versus HMA

Annual mean zonal air temperature bias IPSL-CM6A - ERA (1982-2014)
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Impact of the surface: experiment without snow

Near-Surface Air Temperature annual climatology (1981-1989)
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Tropospheric bias reduction: nudged experiments

Annual mean HMA (60-110°N) zonal temperature bias

LMDZORnudge - ERA-Interim (2005-2008)
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Take home messages

° don't seem to be the source of the tropospheric biases
e Tropospheric biases surface biases
e Surface biases seem to have of the tropospheric biases

e Snow cover biases seem partly related to the

e Other important possible causes (not investigated):
cloud cover, albedo, aerosols, boundary layer processes, etc.



Part #2

Parameterization of snow cover in
mountain regions
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Snow cover over mountainous areas in global climate models

JOW DO WE COMPUTE THE
SNOW COVER FRACTION (SCF)
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Snow scheme
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K;, (short wave radiation), L;, (longwave radiation), H (sensible heat flux), LE(latent

heat flux), J (conduction heat flux), Q (snow layer heat content), Ql,(ud\'cclivc heat S N OW D E N S[T\{
from rain and snow), W (snow layer SWE). W, (snow layer liquid water content), D

(snow layer depth), p (snow layer density) . P (precipitation), E, (evaporation)

snow scheme in the ORCHIDEE land surface model
(Wang et al,, 2013)
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https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/jgrd.50395
https://doi.org/10.1002/jgrd.50395
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from rain and snow), W (snow layer SWE). W, (snow layer liquid water content), D
(snow layer depth), p (snow layer density) . P (precipitation), E, (evaporation)

snow scheme in the ORCHIDEE land surface model ?
(Wang et al., 2013) o !

SNOW COVER FRACTTON
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https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/jgrd.50395
https://doi.org/10.1002/jgrd.50395

Snow cover parameterizations
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Snow Depth (m)
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Figure 1. (a) SCF (or f;,,) computed from equation (2) (used in the default CLM and BATS), equation
(3) of Yang et al. [1997], and a formulation used in the NCAR LSM1.0, /,,, = min(1, A,,/0.05), where
hy,, 1s snow depth (m) and (b) SCF as a function of ground surface roughness, snow depth, and snow
density computed from equation (4) with new snow density p,.,, = 100 kg m > and m = 1.6. The thick
line (i.e., g = 100 kg m ) is equivalent to equation (3).

— Niu and Yang (2007)
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https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2007JD008674

Snow Cover parameterization: Niu and Yang (

;’HU = tanl
. dm(Z.

/’.\'HU

Szﬂg(psna /’f)nmr)

]
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Figure 2. Relationship between AVHRR SCF (%) and CMC snow depth (m) in 1° x 1° grid cells of
major NA river basins including the Mackenzie, Yukon, Churchill, Fraser, St. Lawrence, Columbia,
Colorado, and Mississippi from October to May. The darker crosses stand for 1° x 1% grid cells where the
standard deviation of topography 0, < 150 m, and the lighter triangles stand for 17 x 1° grid cells where
0y, =150 m. The fitted lines are computed from equation (4) (m = 1.6) with the mean snow densities

shown above each frame. 14


https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2007JD008674
http://doi.wiley.com/10.1029/2007JD008674
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Snow cover micro to macro




Snow cover in mountainous area: Swenson & Lawrence (

SNODAS Snow Depth vs MODIS SCF
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https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2012JD018178

Snow cover in mountainous area: Swenson & Lawrence (
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Snow cover in mountainous area: Swenson & Lawrence (

SNODAS Snow Depth vs MODIS SCF
Feb All points - Mar All points i Apr All points May All points
OF= A ~— 1.

.00 0.2 04 06 08 1.0 00 02 0.4 06 08 1.0 00 02 04 086 08 1.0 00 02 04 06 08 10

Feb std <200m Mar  std < 200m Apr  std < 200m May std <200m
1.0 106G S 1.0

1.0
0.8} 08
.
w 06 0.6
% had!
2 04 0.4
0.2 Ho0.2} : \.\
o.oL, Yoo e RN ooLL

0.0 0.2 04 06 08 10'00 0.2 04 06 08 1.0 0.0 02 04 06 08 10 0.0 02 04 06 08 1.0

Feb std >200m Mar std > 200m Apr std > 200m May std > 200m
3 10 G 1.0 T 1.0 =

00 02 04 06 08 10 0.0 02 04 06 08 1.0 0.0 0.2 04 06 0.8 1.0 00 02 04 06 08 1.0
relative depth relative depth relative depth relative depth

B | [ [ "

0.01 0.18 0.34 0.50 0.67 0.83 1.00

Swenson & Lawrence (2012)

Standard deviation of topography
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then Roesch et al. (2001), etc.

1 SWE Nt
SCF =1- [;acos <2m e 1>]

200

Npetp = ————
el max(30,0opo )

16


https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2012JD018178
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2012JD018178
http://link.springer.com/10.1007/BF00208761
http://link.springer.com/10.1007/s003820100153
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Snow cover in mountainous area: Swenson & Lawrence (
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Snow cover in mountainous area: Swenson & Lawrence (
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https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2012JD018178
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2012JD018178

‘Estimating the spatial distribution of snow water equivalent (SWE)
in mountainous terrain is currently
the most important unsolved problem in snow hydrology.”

Dozier et al. (2016)
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https://onlinelibrary.wiley.com/doi/10.1002/wat2.1140

High Mountain Asia UCLA Daily Snow Reanalysis (

Meteorological forcing Topographic data Landcover data
(landcover, forest cover fraction, etc.)

(Precip., air temp., radiation, etc.)

3
e.g. MERRA-2 _— e.g. MODIS,
GLCF,
AVHRR
Forcing downscaling/uncertainty Resampling to uniform or multi-resolution model grid
(Girotto et al., 20143, b) (Baldo and Margulis, 2017)

Generation of prior (open-loop) estimates Fractional Snow

» Parameter uncertainty Covered Area (fSCA)

e - X ; .

L S e Observations conree | |-

al., 2014; Painter et al., 2009) | |- % W MEE| o S
e.g. Landsat,
MODIS
; TERE

Reanalysis step ; \

» Bayesian update; condition prior estimate on remotely-sensed fSCA v u 1

» Using Particle Batch Smoother (PBS; Margulis et al., 2015) - : | W—

» Joint Landsat+MODSCAG assimilation e . .
> Posterior SCA/SWE and other snow estimates (along with posterior N \" 5 £ 4 ".‘._Sl ; )‘!

parameters/forcings) G A\ e.g. daily SWE g et

18
Margulis et al. (2019)


https://nsidc.org/data/HMA_SR_D/versions/1
https://www.frontiersin.org/article/10.3389/feart.2019.00272/full

HMASR -> snow cover parameterizations

HMASR
SD / SWE / density

+ STD topo
at 1°x1°

SCF
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HMASR -> snow cover parameterizations

HMASR

SD / SWE / density

+ STD topo
at 1°x1°

SCF

RO1 (Roesch et al.. 2001)

NY07 (Niu and Yang, 2007)

1000 - SWE
1000 - SWE + €+ 0.1 - o,

SCF = 0.95 - tanh(100 - SWE)\/

SD
2.5- Z(]g(psnow/p!lew)m

SCF = tanh(

)

SL12 (Swenson and Lawrence, 2012)

DNN (deep neural network)

1 SWE Nt
SCF =1- [;acos (Zm — 1)]
200
Nmelt T N
max (30, oopo)
2.
SWE, o0 = a

cos[m(1 — SCF)Y/Nmat] 4 1
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http://link.springer.com/10.1007/s003820100153
http://doi.wiley.com/10.1029/2007JD008674
http://swenson2012

Histograms of the daily HMASR seasonal SCF and SD

HMASR MAM daily SD vs SCF at 1°x1°
(1999-10-01 to 2017-09-30 with >30% permanent snow grid cells excluded)
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Histograms of the daily HMASR seasonal SCF and SD

HMASR MAM daily SD vs SCF at 1°x1°
(1999-10-01 to 2017-09-30 with >30% permanent snow grid cells excluded)
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Histograms of the daily HMASR seasonal SCF and SD

HMASR MAM daily SD vs SCF at 1°x1°
1999-10-01 to 2017-09-30 with >30% permanent snow grid cells excluded)
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Histograms of the daily HMASR seasonal SCF and SD

HMASR MAM daily SD vs SCF at 1°x1°
(1999-10-01 to 2017-09-30 with >30% permanent snow grid cells excluded)
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Histograms of the daily HMASR seasonal SCF and SD

HMASR MAM daily SD vs SCF at 1°x1°
(1999-10-01 to 2017-09-30 with >30% permanent snow grid cells excluded)
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HMASR -> snow cover parameterizations

Annual DJF MAM
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HMASR -> snow cover parameterizations
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HMASR -> snow cover parameterizations
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Application in GCM (LMDZ/ORCHIDEE)

e Nudged land-atmosphere coupled
simulations (LMDZ/ORCHIDEE)

e 2 resolutions:
o LR 144x142 (~100/200 km)
o HR512x360 (~50 km)

e 2005-2008 (2004 spin-up)
o NYO7, LAZ3, and SL12 parameterizations

e Snow CClIMODIS observational

reference
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Application in GCM (LMDZ/ORCHIDEE)

MAM (SON) SCF bias at HR (512x360) 2005-2008
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Application in GCM (LMDZ/ORCHIDEE)

MAM (SON) SCF bias at HR (512x360) 2005-2008
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Application in GCM (LMDZ/ORCHIDEE)

MAM (SON) SCF bias at HR (512x360) 2005-2008
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Snow Cover Fraction [%]

Application in GCM (LMDZ/ORCHIDEE)

SCF monthly simulated annual cycles < 60°N 2005-2008

a NH flat LR b  US mountains LR

¢ EU mountains LR

d NH flat HR

h  SA mountains LR

] NH mountains HR k SA mountains HR

0
ASONDJFMAMJJ ASONDJFMAMUJ J ASONDJFMAMJJ

=— MODIS === AVHRR = RO1 == NY07 == SL12 - LA22

Contrasting results depending on the location

Snow cover overestimation in mountain areas
is reduced by about 5 to 10 % (when including
a dependency on the subgrid topography in
the SCF parameterizations)

No deterioration over flat areas (in average)
and no increase of the spatial RMSE

Surface cold bias decrease from -1.8 °C to
about =1 °Cin the High Mountain Asia (HMA)
region

Increasing the resolution improves the
simulated SCF in certain areas (e.g., Alps)
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Conclusion and general outlook



Take home messages

e Taking into account the in seems essential
over (Swenson and Lawrence, 2012 ; Miao et al., 2022 ; Lalande et
al., in prep)

° might be involved in current

o  precipitation (orographic drag; e.g, Wang et al., 2020) / aerosol deposition on snow (e.g., Usha et
al., 2020) / boundary layer (e.g., Serafin et al., 2020) / tropospheric cold bias, etc.

e further -> / ( + other variables, forested areas?, etc.) +

e Limitation over areas? (glaciers, etc.)
o elevation bands (e.g., Walland and Simmonds, 1996; Younas et al., 2017)

e Other parameterizations not tested, e.g.: Liston (2004), Helbig et al. (2021), etc.

° very for such parameterizations (+ help to test the influence of

other parameters)
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Perspectives : conseils SCF CMIP6 -> CMIP7 LMDZ/ORCHIDEE
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e Bandes d'altitudes et couplage neige-glace
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Kossmann, 2015; Serafin et al., 2020)
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Technical and practical
information




Get the topography not smoothed

ce0l.F90

Purpose: Initial states and boundary conditions files creation:
- startnc fordynamics (using etatOdyn  routine)
- startphy.nc for physics  {using etatOphys  routine)
- limit.nc for forced runs (using limit_netcdf routine)

I

| CALL etatOphys_netcdf(masque,phis) I

l

etatOphys_netcdf.F90

Purpose: Create physical initial state using atmospheric fields from a database of
atmospheric to initialize the model.

GMTED2010 15n015 00625deg
ZMEA ZMEA_NOT_FILTERED

8k 90°F

Z8TD NOT FILTERED

etatDphys_netcdf routine can access to NetCDF data through subroutines:
"start_init_phys" for variables contained in file "ECPHY nc™
- 'ST'  : Surface temperature
- 'CDSW" : Soil moisture
- "start_init_orog” for variables contained in file "Relief.nc™:
- 'RELIEF" : High resolution orography

Stancierd deviati

Add zmea0_not_filtered and zstd0_not_filtered (dynamics grid)

| |

USE phys_state_var_mad, ONLY. zmea, zstd,
zmea_not_filtered, zstd_not_filtered, ...

l 1 g =zmea(:

USE grid_noro_m, ONLY: grid_noro, read_noro

zstd not_filtered(:,:)=zstd(:,:)

phys_state_var_mod.F90 grid_noro_m.F90
= iy = L MVA9(zmea); L MVA9(zs ;- CALL MVA9(zpic); \LL MVA9(zval)
Variables saved in startphy.nc Purpose; Compute the Parameters of the SSO scheme as CALL MVA9(zxtzx); L MVAQ(zx CALL MVAQ9(zytzy)
Add zmea_not_filtered and zstd_not_filtered described in LOTT & MILLER {1997) and LOTT(1299).
(physics grid)

Add zmea_not_filtered and zstd_not_filtered (dynamics grid) 28



LMDZ to ORCHIDEE

LMDZ physiq_mod.F90 phys_state_var_mod.F90
USE phys_state_var_mod (décl des variables)
CALL phyetat0 ("startphy.nc" clesphy0.tabcntr0) ! Vanables sauvegardees pour le startphy.nc
CALL pbl_surface t
! phyetat0.F90
(lit le startphy.nc pour initialiser zstd_not_filtered)
pbl_surface_mod.F90 SUEROUTINE
WS R phyetat0 USE phys_state_var_mod
[ mStacOANpOREs PSS B e A found=phyetat0_get(1,zstd_not_fiitered,"ZSTD_NOT_FILTERED

! This module manages the calculation of turbulent diffusion in the boundary Iayer
! and all interactions towards the differents sub-surfaces.
CALL surf_land

\ surf_land_mod.F90

CALL surf_land_orchidee

|

surf_land_orchidee_mod.F90
CALL intersurf_initialize_gathered / CALL intersurf_main_gathered

1

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

!

Orchidée

sechiba.fo0
(Structures the calculation of atmospheric and hydrological variables by calling diffuco_main, enerbil_main, hydrolc_main
(or hydrol_main), enerbil_fusion, condveg_main and thermosoil_ main Note that sechiba_main calls slowproc_main and thus
indirectly calcul; the bi h as well.)

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

}

condveg.fso
(Initialise, pute and update the surf issivi gh and albedo.)
SUBROUTINE condveg | inmallze / SUBROUTINE condveg main
CALL condveg_frac_snow - > frac_snow_veg(:)

tanh(snowdeplh(1)/(0.025'(snowrho_ave(:)'( 1 +xstd_not_ﬁltered(: ¥200.)/50.)))

https://docs.google.com/document/
d/19K69TtH3feRFu4g0MjmuouC8x
G6Gcth6Qe9cbeY5bvIM/edit?usp=s

haring
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Parameterizations

IF (ok_explicitsnow) THEN
snowdepth=sum(snowdz, 2)

snowrho_snowdz=sum(snowrho*snowdz, 2)

B i mickaellalande/S
WHERE (snowdep 1) .LT. min_sechiba) -
frac_snow_veg(:) = 0. ion/blob/R0O1/mod

SEWHERE

HIDEE/src_sechi
snowrho_ave(: )=snowrho_snowdz( : }/snowdepth(:)

frac_snow veg(:) = tanh(snowdepth(:)



https://github.com/mickaellalande/SCA_parameterization/blob/R01/modipsl/modeles/ORCHIDEE/src_sechiba/condveg
https://github.com/mickaellalande/SCA_parameterization/blob/R01/modipsl/modeles/ORCHIDEE/src_sechiba/condveg
https://github.com/mickaellalande/SCA_parameterization/blob/R01/modipsl/modeles/ORCHIDEE/src_sechiba/condveg
https://github.com/mickaellalande/SCA_parameterization/blob/R01/modipsl/modeles/ORCHIDEE/src_sechiba/condveg

Perspectives : conseils SCF CMIP6 -> CMIP7 LMDZ/ORCHIDEE

Implémenter et (en plus de NYQO7) et conserver un switch pour passer d'une
version a l'autre pour déterminer la meilleure en fonction des configurations (+ ML sur du
long terme).

Envisager une (des lors que l'on pas — encore —
d'obs fiables sur les régions montagneuses).

Lorsque + de jeux de données revenir sur une calibration + physique

Approfondir simulations pour déterminer les incertitudes liées aux

Regarder ce gu'il se passe dans les

En couplé -> impact sur 'ensemble des surfaces continentales
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Merci a tous pour votre attention !
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Annex B: Climate Change Initiative Fellowship Project Proposal
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Air Temperature meridional cross-section means bias

Annual climatology: 1982-2014 / Cross-section at 34°N
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Lien avec la topographie ?
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Influence de la résolution
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Neige permanente
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High Mountain Asia UCLA Daily Snow Reanalysis (

Comparison HMASR and in-situ station 1999-2013 (>90% temporal coverage and >1mm SD in winter DJFMA)

Elevation dependance
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https://nsidc.org/data/HMA_SR_D/versions/1

STD < 300 m All points

seasonal SCF [%]

STD > 300 m

High Mountain Asia UCLA Daily Snow Reanalysis

HMASR seasonal daily SD vs SCF at 1°x1°
(1999-10-01 to 2017-09-30 with >30% permanent snow grid cells excluded)
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Other snow cover parameterizations

Accumulation
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https://link.springer.com/article/10.1007/s003820100153
https://github.com/mickaellalande/PhD/blob/master/local/SCE_SWE_parametization/Niu2007-std.ipynb
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2007JD008674
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Feedbacks (LA23 - NYQ7)/NYO7
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Time series
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