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Context: snow bias in IPSL model CMIP5 versus CMIP6

Biais de la fraction de couverture de neige
(i.e., fraction de neige simulée - observée)

Ancienne version

snowfraction bias : ChoiAP - nhsce

Fig. 7 Cheruy et al. (2020)
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Qu’est-ce gqu’'un modéle de climat ?

e Modélise les composantes
du systemes climatique :

Rayonnement S8 =100 kpy,

, " , o U atmospheére, ocean,
Ve"éi}]eu’?n"ingét“'e Wuistle g , —— cryosphére et biosphére
Bl atm(cfs'gﬂgﬁque ﬂ;‘?,gjuie e lIs sont basées sur les
altitude équations de la mecanique
des fluides et de la
thermodynamique ainsi que
Mouvement sur les principes de
i a‘tj;é‘s’;ﬁ’:;zgz e conservation de la masse et
- Rayonnement de I'énergie
; IR reemis
LTe—— e Pour transcrire ces
~_ equations sous forme
4 i 7Y Nuages numeérique, le globe est
Precipitations ———— | (A gﬁ:jjge découpé en petits cubes, les
~ AT s mailles

e Plusieurs types de modeles :
GCMs, RCMs, etc.
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Projet d'intercomparaison des modeles couplés phase 6 — CMIP6

Clouds/

Chemistry/ Circulation  Ocean /Land/
CMIP6 o

CMIPG expq iy

:'_ oty

Characterizing 5151.2 ma;t'ceé
forcing 2 3 ‘

Decadal

' prediction

Paleo
dimate

Regional climate /

. Geo- Extremes

Eyring et al. (2016)

DECK

Initié en 1997 par le WCRP

CMIP6 1 49 groupes de
modélisation / ~ 100 modeles de
climat
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Le DECK : AMIP (1979-2014) ; (2)
piControl; (3) abrupt-4xCQO2 ; et
(4) 1pctCO2 + une simulation
historigue (1850 a 2014)

21 MIPs .
o Response to Forcings
o Systematic Biases
o Variability, Predictability,
Future Scenarios
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deux objectifs principaux :

e FEtudier et quantifier les changements climatiques en HMA 3 laide de modéles de circulation
generale (GCMs) et de jeux d'observations.

e Ameliorer lareprésentation de la couverture de neige en region de montagne dans les GCMs.

/#1 Etude multi-mod‘ele\ / #2 Description et \ /#3 Paramétrisation de la\

CMIP6 des changements évaluation du modele de couverture de neige en
climatiques en HMA UIPSL en HMA région de montagne
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Partie #1

Etude multi-modéle CMIP6 des
changements climatiques en HMA

RECHAUFFEMENT EXACERBE DANS LES HAUTES MONTAGNES D'ASIE

Changements de température, précipitations et couverture de neige a la
fin du siecle par rapport a la période récente 1995-2014 en fonction des
scénarios de basses ou hautes émissions de gaz a effet de serre.

8°C 25% 0% E—

20%

u 6°C -10%

5 15%
“4°C @.d -20%
%%
4d7°¢ 10%

2°C -30%

0°C 0% -40 %
Source: Climate change in the High Mountain Asia in CMIP6 (Lalande et al., 2021)
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High Mountain Asia (HMA): Introduction

The Tibetan Plateau (TP): world's highest plateau
(average elevation 4000m) — influence on
regional and global climate (e.g., Kutzbach et al,,
1993)
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Indian / East Asian summer monsoon
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Use of GCMs (even if coarse spatial resolution
~50-300km) provides a coherent picture of the
large-scale temporal and spatial patterns of key

variables at a regional scale ! 8/;?
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“Cold bias” over Tibetan Plateau
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Annual climatology bias of Near-Surface Air Temperature (1979-2014)
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Annual climatology bias of Near-Surface Air Temperature (1979-2014)
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Annual climatology bias of Near-Surface Air Temperature (1979-2014)
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Spatial biases and metrics

HMA annual metrics from 1979-2014 climatology
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Annual climatology bias of Near-Surface Air Temperature (1979-2014)
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HMA annual metrics from 1979-2014 climatology
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Annual climatology bias of Near-Surface Air Temperature (1979-2014)

Multi‘—ModeI Mean BCC-CSM2-MR BCC-ESM1 S patl a I b | ases a n d m etrl CS

- - e 5 HMA annual metrics from 1979-2014 climatology
S s o L. o o 4 a
Mean bias: -1.9 CI {2.6 C[ 1.4°C 104 e
CESM2 CESM2-FVv2 CESM2-WACCM =N RMSE W Mean Blas 7
—— = = 5 5 sy
= - < rl
= — : I.u.l,ll,l.h,u.l,I|I|l.I,iIIIII.III.|-|I|I
' Q
a
-3.0°C 0.5°C 22°C 0.7°C 5 s
CESM2-WACCM-FV2 CNRM-CM6-1 CNRM-CM6-1-HR CNRM-ESM2-1
S — 2 = 7 = =107 T T T T T T T T S T R ) 1 R LT I
<F‘
{ ' - c
22°C 7.3°C -9.8°C : 6.3°C _ 40
22%] 73] [95°5] .
CanESM5 GFDL-CM4 GISS-E2-1-G GISS-E2-1-H £
= = &5 204
- &
: it y s'gy 3
- : |
l4.0%G L4.4%C Ho¥c H.7%c & 9
HadGEM3-GC31-LL _ HadGEMB-GC31-MM IPSL-CMBA-LR MIROC-ES2L O ) I O S S Y 1 O )
: 5 \ & - e
T o 'u;
-0.9°C | PR -8.5°C | 1.9°C B
MIROC6 MPI-ESM1-2-HR MPI-ESM1-2-LR MRI-ESM2-0 g
5 = = s &
-3 é ¢
= § 4‘ ¢‘ é
L - o
' / k|
0.6°C -1.1°C -0.2°C -2.9°C (=
NorESM2-LM SAMO-UNICON TalESM1 UKESM1-0-LL 555558l 5555558525555585555858 5
B - 2 = R R 8 - S ol - B B S oR - R T B~ S v o o~
LR ko bbb oibb=T-&YToNDT0D
- oo Soo S NS NVeEE e S e e NS
5 o i " N s SCdS|H 0Pz TS EZO JFY T o
5 R Ei e = i < Ym i o x ws ;
25°C 3.3°C 1.7°C 0.9 °C §U§%8§%%£&18§8§ﬂ;:§§z§g§;§g§
o w p24 = ‘& T L T
X — — P ojHesfel Ss8FcBEEgE £°° 2843 11143
T 1 T T T 5 w L)oo = & @ o 5] & %
-12  -10 -8 -6 -4 -2 0 2 4 6 8 10 12 = o = T % g o #1
Bias (model-obs) of Near-Surface Air Temperature (°C) T 2 o
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Historical trends analysis
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Historical trends analysis

e Available models for projections
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Historical trends analysis

e Available models for projections
HMA multimodel ensemble trends versus bias (1979-2014)
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Historical trends analysis

e Available models for projections
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to observations

e On the contrary, some
models with little bias
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e Available models for projections
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HMA multimodel ensemble trends versus bias (1979-2014)
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HMA annual projection anomalies (relative to 1995-2014 average) P . t
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Take-home messages

e Multimodel analysis with over

e (CMIP6 annual multimodel biases (more pronounced in winter for tas and snc):

o of [-8.2 t0 2.9]
o 12 [-13to0 43] % (or 52 [-53 to 183] % relative)
o 1.5[0.3t0 2.9 mmd™ (or [31 to 281] % relative)

e No obvious link between biases and trends ->

e Models doesn't systematically improve performances! Additional improvements in
are essential!

e (Other variables might be involved... (cloud cover, aerosols, boundary layer, T500,...)

e Annual projections (2081-2100 with respect to 1995-2014 average with 10 GCMs):
o median from to
o relative median from to
o relative median from to
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Partie #2

Description et évaluation du
modele de I'IPSL en HMA

15/43
#2
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IPSL-CM6A-LR: Historical, AMIP, land-hist / IPSL-CM6A-ATM-HR bias

Snow cover bias

Annual climatology bias: 1981-2014 / Bilinear interpolation towards 143x144 grid
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IPSL-CM6A-LR: Historical, AMIP, land-hist / IPSL-CM6A-ATM-HR bias

Snow cover bias

Annual climatology bias: 1981-2014 / Bilinear interpolation towards 143x144 grid
a Historical (32) - NOAA CDR b AMIP (21) - NOAA CDR
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Snow cover bias

Annual climatology bias: 1981-2014 / Bilinear interpolation towards 143x144 grid
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Air Temperature zonal means bias global versus HMA

Annual mean zonal air temperature bias IPSL-CM6A - ERA (1982-2014)
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Air Temperature zonal means bias global versus HMA

Annual mean zonal air temperature bias IPSL-CM6A - ERA (1982-2014)
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Air Temperature zonal means bias global versus HMA
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Impact de la surface : experience sans neige

Near-Surface Air Temperature annual climatology (1981-1989)
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Near-Surface Air Temperature annual climatology (1981-1989)
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Near-Surface Air Temperature annual climatology (1981-1989)
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Impact de la surface : experience sans neige

Near-Surface Air Temperature annual climatology (1981-1989)
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Impact de la surface : experience sans neige

Near-Surface Air Temperature annual climatology (1981-1989) Air Temperature annual zonal climatology bias (1981-1989)
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Réduction du biais troposphérique : expérience guidées

Annual mean HMA (60-110°N) zonal temperature bias
LMDZORnudge - ERA-Interim (2005-2008)

" a 6h-STD-NYO
6h u, v
10 200
- s 5
9 4004
" v 45
600 4
7
35
6 8001
3
5 1000 25
L4 § |,
L3 a | o
3 15 5
- Q A LA
2 g 1 @
o L i<}
SN | 0.5 o
ro g -0 &
|: B 6
L1 & -0.5 g.
== Ll
-2 Eﬂ 1 :
= F-15<
L3 @
i -2
-4 2 o
-s 3
=6 -35
<7 -4
-8 -4.5
-9 -5
-10
20/43

#2



6hu, v

5ju, v

Réduction du biais troposphérique : expérience guidees

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

LMDZORnudge - ERA-Interim (2005-2008)
b 5d-STD-NY07
g S\8 b, 1™ Bttmietimpdon
10
9 5
8 45
7 4
3.5
6
3
5 T T T 2.5
4 g _2
-3 :‘g F1.5 5}
-2 é -1 g
] 0.5 g
-0 5 0 3
Loy, 3 --05 &
§
L _2 E =1 "___
=1 F-15<
-3 (2
@ =
Q
-4 =
=25
_s 3
=5 -35
G/ -4
-8 -45
-9 -5
-10
20/43

#2



6hu, v

5ju, v

3hu,vT

Réduction du biais troposphérique : expérience guidees

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

LMDZORnudge - ERA-Interim (2005-2008)
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Réduction du biais troposphérique : expérience guidees

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.
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Partie #3

Parameétrisation de la couverture
de neige en région de montagne

22/43
#3



¢ TIKTS

@regielski"

23/43
#3




o) TikTS
@regielski "

-

TikTok
}‘3\

"@reg?élgki 23/43
#3




5 Ji"siﬁ:(:q'k

. \gegiel-skl e : F _gkgfm 23/43

~




Snow cover over mountainous areas in global climate models

JOW DO WE COMPUTE THE
SNOW COVER FRACTION (SCF)
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Snow scheme

Km Lln H LE Qp P En
I | |
1K 4. P4 [VE \Q”B‘iﬂ 1
v
2
ook EEE | |, G SNOW DEPTH
Qg, Ty, Dy, py W:_. W, D, pi] 3 d
I R I ; E— SNOW WATER EQUIVALENT
._‘-A"_{‘.," R T ’ Fia k, :l’ o
K;, (short wave radiation), L;, (longwave radiation), H (sensible heat flux), LE(latent
heat flux), J (conduction heat flux), Q (snow layer heat content), Q,,(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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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,(ad\'cclivc heat N OW 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) o !

SNOW COVER FRACTTON
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Snow cover parameterizations

100 T T T T
90 ,P %4
4{/;‘110 = llliﬂ(l, /I\‘rm/O-OS)i

lwm
\ f»;'nu — tanh< : )

.52()'3,

30 /’ ----CLM

20 ff/ — Yang97 -\ ;
0 // LSMg .fsno — hsno/(lOZO,g ¥+ hsno)
1 —_— -

0 ! 1 1 !
0.00 0.10 020 030 040 050

Snow Depth (m)

Snow Cover Fraction (%)

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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Snow Cover parameterization: Niu and Yang (
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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 17 grid cells where the
standard deviation of topography ¢, < 150 m, and the lighter triangles stand for 1° x 1° grid cells where
o, =150 m. The fitted lines are computed from equation (4) (m = 1.6) with the mean snow densities
shown above each frame. 27/43
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Snow Cover parameterization: Niu and Yang (
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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 17 grid cells where the
standard deviation of topography ¢, < 150 m, and the lighter triangles stand for 1° x 1° grid cells where
o, =150 m. The fitted lines are computed from equation (4) (m = 1.6) with the mean snow densities
shown above each frame.
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Snow Cover parameterization: Niu and Yang (
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Figure 2. Relationship between AVHRR SCF (%) and CMC snow depth (m) in 19 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 17 grid cells where the
standard deviation of topography ¢, < 150 m, and the lighter triangles stand for 1° x 1° grid cells where
o, >150 m. The fitted lines are computed from equation (4) (m = 1.6) with the mean snow densities

shown above each frame.
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Snow cover micro to macro




Snow cover in mountainous area: Swenson & Lawrence (

SNODAS Snow Depth vs MODIS SCF

Feb All points Mar All points
1

All points
1.0

Apr All points May

10 OF 10
0.8 08 g 08

L 06 {os v Hos

[} ‘ 4

“ 04} 04 0.4 NP 3o :
0.2 10.2 3 02 y | oz;l ¥
0.0 - ] 0.0 IR N (.0 < Yool &

00 02 04 06 08 1.0 0.0 02 04 06 08 1.0 00 02 04 06 08 1.0 00 0.2 0.4 0.6 08 1.0

=7 —
B i
1 l Ii- 4 I -

0.01 0.18 0.34 0.50 0.67 0.83 1.00

Relative snow depth

) - SL12

29/43
#3


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

Snow cover in mountainous area: Swenson & Lawrence (

SNODAS Snow Depth vs MODIS SCF
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Snow cover in mountainous area: Swenson & Lawrence (
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Standard deviation of topography

(oto o) In SCF parameterization first

introduced by Douville et al. (1995),
then Roesch et al. (2001), etc.
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SNODAS Snow Depth vs MODIS SCF
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Snow cover in mountainous area: Swenson & Lawrence (
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‘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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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
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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
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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)

1000 - SWE
1000 - SWE + €+ 0.1 - o,

SCF = 0.95 - tanh(100 - SWE)\/
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HMASR -> snow cover parameterizations

HMASR
SD / SWE / density
+ STD topo SCF
at 1°x1° ‘
RO1 (Roesch et al.. 2001)
1000 - SWE
SCF = 0.95 - tanh(100 - SWE)\/NOO g T
SL12 (Swenson and Lawrence, 2012)
1 SWE Nt
SCF =1- [;acos (Zm — 1)]
200
Nonerr = max (30, awPJ
2-SWE
SWE, o0 =
cos[m(1 — SCF)Y/Nmat] 4 1 32/43
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HMASR -> snow cover parameterizations

HMASR
SD / SWE / density
+ STD topo >CF
at 1°x1° ‘
RO1 (Roesch et al., 2001) NYO07 (Niu and Yang, 2007)
SCF = 0.95 - tanh(100 - SWE) - By SCF = tanh( 5D )
e 1000 - SWE 4+ ¢+ 0.1D - 0, 2.5- z(]g(psnow/pnew)m
SL12 (Swenson and Lawrence, 2012)
Ninett
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200
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HMASR -> snow cover parameterizations

HMASR
SD / SWE / density
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HMASR -> snow cover parameterizations

HMASR
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RO1 (Roesch et al.. 2001)
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Histograms of the daily HMASR seasonal SCF and SD
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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, LAZ2Z, 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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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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https://doi.org/10.1007/s00382-019-05080-w
https://doi.org/10.1007/s00382-020-05222-5
https://uibk.ac.at/iup/buch_pdfs/10.1520399106-003-1.pdf
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http://journals.ametsoc.org/doi/abs/10.1175/1520-0442%282004%29017%3C1381%3ARSSCHI%3E2.0.CO%3B2
https://tc.copernicus.org/articles/15/4607/2021/

Conclusion et perspectives
genérales
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#1 Etude multi-modéle CMIP6 des changements climatiques en HMA

Obijectif : Etudier et quantifier les a l'aide de
(GCMs) et de jeux d'observations.

o toujours present dans la plupart des modeles en

e Pas de lien évident entre biais et tendances ->

e L'origine des semble différent d'un modele a l'autre (méme si et
coincide pour la plupart des modeles)

e |a des modeles n'améliore pas systématiqguement les performances...

e [Enjeux et en

e D'autres variables peuvent étre impliquées... (Couverture nuageuse, aérosols, couche limite, T500,...)
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#1 Etude multi-modéle CMIP6 des changements climatiques en HMA

generale (GCMs) et de jeux d'observations.

Obijectif : Etudier et quantifier les changements climatiques en HMA a l'aide de modéles de circulation

RECHAUFFEMENT EXACERBE DANS LES HAUTES MONTAGNES D'ASIE

Changements de température, précipitations et couverture de neige a la
fin du siecle par rapport a la période récente 1995-2014 en fonction des
scénarios de basses ou hautes émissions de gaz a effet de serre.
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Source: Climate change in the High Mountain Asia in CMIP6 (Lalande et al., 2021)
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#2 Description et évaluation du modele de I'lPSL en HMA

40°N

30°N

20°N

a Historical (32) - NOAA CDR a Historical (32) - CRU HMA (60°E-110°E) \

70°E 80°E 90°E 100°E

Expérience sans neige : les biais de surface ne semblent pas étre a l'origine des biais
troposphériques.

Expérience guidées : les biais de surface semblent avoir une cause distincte des biais
troposphériques.

Les biais troposphériques amplifient les biais de surface
Les biais de la couverture neigeuse semblent en partie liés a la topographie.

Autres causes possibles importantes (non étudiées) : couverture nuageuse, albédo,
aérosols, processus de la couche limite, etc. 40/43


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

#3 Paramétrisation de la couverture de neige en réegion de montagne

Objectif : la représentation de en dans les
GCMs.
e Laprise encompte dela dans la semble
essentielle sur les (Swenson et Lawrence, 2012 ; Miao et al., 2022 ;

Lalande et al.,, en prép.)

e Permetde et de en (+ sur les
Alpes - autres massifs)

o D sont certainement également impliqués dans les

e (alibration -> / (+ autres variables, zones forestieres, etc.)
+

° tres pour de telles paramétrisations (+ pour tester l'influence

d'autres parametres). s



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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Perspectives : conseils SCF CMIP6 -> CMIP7 LMDZ/ORCHIDEE

Fig. 7 Usha et al. (2020)
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Perspectives : conseils SCF CMIP6 -> CMIP7 LMDZ/ORCHIDEE

Fig. 7 Usha et al. (2020)
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Fig. 5 Wang et al. (2020) (a) Real Terrain (b) Smooth Terrain
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e Amélioration du calcul du bilan d'énergie de surface :

e Bandes d'altitudes et couplage neige-glace

Fig. 3 Vernay et al. (2022)
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Fig. 5 Wang et al. (2020) (a) Real Terrain (b) Smooth Terrain
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i
e Amélioration du calcul du bilan d'énergie de surface :

e Bandes d'altitudes et couplage neige-glace

e Couche limite en zone de montagne (Wekker and
Kossmann, 2015; Serafin et al., 2020)

Fig. 3 Vernay et al. (2022)
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Merci a tous pour votre attention !
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CMIP6 models

CMIP6 institute CMIP6 model Resolution (lonxlat) Grid Calendar Member SSP
BCC BCC-CSM2-MR 1.1°x1.1° en 365 day rlilplfl
BCC-ESM1 2.8°x2.8°
CAS CAS-ESM2-0 1.4°x1.4° gn 365_day rdilplfl
NCAR CESM2 1.2°x0.9° gn noleap rlilplfl
CESM2-FV2 2.5°x1.9°
CESM2-WACCM 1.2°x0.9°
CESM2-WACCM-FV2 2.5°x1.9°
CNRM-CERFACS CNRM-CM6-1 1.4°x1.4° ar gregorian rlilplf2
CNRM-CM6-1-HR 0.5°x0.5°
CNRM-ESM2-1 1.4°x1.4°
CCCma CanESMS5 2.8°x2.8° gn 365_day r3ilp2fl
NOAA-GFDL GFDL-CM4 1.2°x1.0° erl noleap rlilplfl
NASA-GISS GISS-E2-1-G 2.5°x2.0° gn 365_day rlilplfl
GISS-E2-1-H
MOHC HadGEM3-GC31-LL 1.9°x1.2° gn 360_day rlilp1f3
HadGEM3-GC31-MM 0.8°x0.6°
IPSL IPSL-CM6A-LR 2.5°x1.3° ar gregorian rlilplfl
MIROC MIROC-ES2L 2.8°x2.8° gn gregorian rlilplf2
MIROC6 1.4°x1.4° rlilplfl
MPI-M MPI-ESM1-2-HR 0.9°x0.9° gn proleptic_gregorian | rlilplfl
MPI-ESM1-2-LR 1.9°x1.9°
MRI MRI-ESM2-0 1.1°x1.1° gn proleptic_gregorian | rlilplfl
NCC NorESM2-LM 2.5°x1.9° gn noleap r2ilplfl
SNU SAMO-UNICON 1.2°x0.9° gn noleap rlilplfl
AS-RCEC TaiESM1 1.2°x0.9° gn noleap rlilplfl
MOHC, NIMS-KMA UKESM1-0-LL 1.9°x1.2° gn 360_day rlilplf2
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Historical bias analysis
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Bias spatial correlation

Annual spatial correlation of bias over HVMA from 1979-2014 climatology
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e Significant negative correlations between tas and snc biases

e lessobvious for pr (/N APHRODITE underestimate solid precip /!\ -> more negative correlation)

e (orrelations between tas/snc biases with elevation -> difficulty representing physical processes at
high elevation?

Are trends impacted by overall biases?




Bias spatial correlation (GPCP)

Annual spatial correlation of bias over HMA from 1979-2014 climatology
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Historical trends analysis

Observations and multimodel mean (first realization) seasonal trends (1979-2014)

Observation DUFMA Multimodel DJFMA Observation JJAS Multimodel JJAS
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HMA versus global

HVIA relative snow Lover extent |7

Projections anomalies relative to 1995-2014 average HMA versus GLOBAL

Annual HMA tas vs GLOBAL tas

HMA Near-Surface Air Temperature [°C]

a y = .46/ 0.11 (0.00)

=20

-40

-60

-80

-100

6 8 10
GLOB Near-Surface Air Temperature [°C]

DJFMA HMA snc vs GLOBAL tas
y = -3.86x + -1.57

0

T T T T

2 4 6 8
GLOB Near-Surface Air Temperature [°C]

10

HMA relative Snow Cover Extent [%]

HMA Near-Surface Air Temperature [°C]

Annual HMA tas vs NH-land tas
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" Annual HMA tas vs NH-land (<60°N) tas
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Annual HMA pr vs GLOBAL tas
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HMA is warming faster as
the rest of the world ?

10% faster... compared to
NH (without Arctic)

~ 4% relative snc loss per 1°
C GSAT in winter (linear)

In summer almost all snc
disappear in worst scenario
(not linear)

~ 6 % relative more pr per
1°C GSAT



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

Total precipitation relative bias BUT...

All in situ stations and satellite data tends to

Annual climatology relative bias: 1981-2014 / Bilinear interpolation towards 143x144 grid i |
__Historical (32) - APHRODITE AMIP (21) - APHRODITE undereStlmate the show Component.

e Thein situ station and satellite data, as well as their
combinations, have difficulties in detecting the
snow component of precipitation. (Palazzi et al.,
2013)

40°N

30°N | S

20°N

e Anindependent validation with observed river flow
confirms that the water balance can indeed only be
closed when the high altitude precipitation on
average is more than twice as high and in extreme
cases up to a factor of 10 higher than previously
thought. (Immerzeel et al,, 2015)
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land-hist (1) - APHRODITE __HighResMIP (1) - APHRODITE
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Total precipitation relative bias [%)]

210 e  Gaoetal (2020) montrent qu'en raison de grandes
o incertitudes dans les ensembles de données de
| _s00 forcage atmosphériques sur les régions

montagneuses (en particulier pour les
précipitations), des biais importants lies a la neige
sont présents.
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https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2012JD018697
https://www.hydrol-earth-syst-sci.net/19/4673/2015/
https://journals.ametsoc.org/view/journals/hydr/21/7/jhmD190277.xml
https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/Precipitation.ipynb

Air Temperature meridional cross-section means bias

Annual climatology: 1982-2014 / Cross-section at 34°N

s IPSL-CM6A-LR hist (r1i1p1f1) ERA-Interim . Bias (model - ERA)
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Lien avec la topographie ?

IPSL-CMBA-LR (~150/250km) IPSL-CM6A-HR (~50km) GMTED2010 (~6km) 7800
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Influence de la résolution

Observation

-,

Annual SCF bias IPSL-CM6A-ATM-ICO 1982-2013
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Neige permanente

Snow Cover Extent [%]
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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
b HMASR (+) / station (%)

GMTED2010 (0.0625°) and in-situ stations elevation
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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 (LA22 - NYQ7)/NYO7
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Time series
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