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High Mountain Asia (HMA): Introduction

The Tibetan Plateau (TP) region is the

(average elevation 4000m)
— considerable influence on

. (Orsolini et al., 2019)

Directly sustain the livelihoods of
in the mountain and hills of the
Hindu Kush Himalaya. (Sharma et al., 2019)

Two distinct climatic regimes:

o winter
— over the
western Himalaya and Hindu Kush
mountains

o central and eastern Himalayan
mountains receiving

months
(June-September). (Bookhagen and
Burbank, 2010)
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Smith and Bookhagen (2018), Fig. 1A
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High Mountain Asia (HMA):
station observations
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Li et al. (2018), Fig. 1

lllustrates the in the
core of HMA (Tibetan Plateau)

The

(there exist very few snow monitoring
stations in HMA)
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o . Smith and Bookhagen (2018), Fig. S
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(a)

(b)

Snow bias in IPSL model CMIP5 versus CMIP6

WANG ET AL.: ORCHIDEE SNOW MODEL EVALUATION

snowfraction bias : ChoiAP - nhsce

45
K L,
" " HLE . E, 30
| | 1 o i P t i
[ v YT J | Skinlayer [ | v *”"] Skin layer
| | |
| ' CI\/IIP5/ B
Tyg>0, [t e e R ] oo s oo RO g s 0
T.D.p Snow
Jc L e e —— occurs; -15
I Composite snow / top|soil layer I
] structure functioning as|a single thermal]
unit =30
K;, (short wave radiation), L;, (longwave radiation), H (sensible heat flux), LE(latent G -45
heat flux), J (conduction heat flux), W (SWE), D (snow depth), p (fixed snow density
330) , P (precipitation), E, (evaporation), T(snow temperature), Tsurf(skin layer . .
temperature) Cheruy et al. (submitted), Fig. 6
v daily MBE
—e— OBS o |===—
Kin L Q P —o— ORCHIDEE =
HLE P E, e —e— ORCHIDEE-ALB | _ | 3
| ] 1 [ | B —e— ORCHIDEE-ES | &
p 1313l31 < |
K, L P 1 T - L
= T i T
’ - - L] $ iy e
2 1 i < o ‘ ‘ : in
i L+ LA 81
N ¥ o], 2%
o i b
- - .
o | [7a)
{ S . . - : . S
- i g . X 01/Dec  0l/Jan 01/Feb  01/Mar 01/Apr 01/May
in (short wave radiation), L;,, (longwave radiation), H (sensible heat flux), LE(latent
heat flux), J (conduction heat flux), Q (snow layer heat content), Qp(advective heat 4

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)

Wang et al. (2013), Fig. 1

Wang et al. (2013), Fig. 5


https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/jgrd.50395
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/jgrd.50395
https://www.lmd.jussieu.fr/~hourdin/PUBLIS/LMDZ6A_Orchidee.pdf

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
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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

pressure (Pa)

Air Temperature zonal means bias global versus HMA

Annual zonal air temperature bias [IPSL-CM6A-LR historical (r1i1p1f1) - ERAI] climatology: 1981-2014
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Adapted from from Boucher et
al., Fig. 3 (submitted)
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https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/ta-global.ipynb
https://www.lmd.jussieu.fr/~hourdin/PUBLIS/IPSL_CM6A_LR.pdf
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https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CM6012-LR-amip-G-02/snc.ipynb

Dynamico versus HighResMIP: snow cover*

Snow cover extent annual climatology: 2001-2014
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https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CM7A-HR-v1.11/snc_MOD10CM.ipynb

CMIP6 other models: snow cover bias

Bias of snow cover annual climatology (1981-2014) versus NOAA CDR
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https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/ta-global_multimodel/snc_bias_multimodel.ipynb

Different options
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https://rmets.onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291097-0088%28199609%2916%3A9%3C961%3A%3AAID-JOC72%3E3.0.CO%3B2-R
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Conclusions

Larger in CMIP6 than CMIP5 over
e land-hist: no bias / AMIP: bias ->

e Possible link with the
e Bias reduced with nudge / higher resolution / dynamico
e Other possible source of the bias:

o precipitation, albedo, cloud cover, aerosols, boundary layer, surface energy budget

e Future work:
o CMIP6 multimodel analysis

o Subgrid topography parameterization in LMDZ
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Monthly snow cover climatologies (from satellite observations)

Monthly averaged snow cover 1981-2014 (NOAA Climate Data Record (CDR) Version 1)
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Li et al. (2018), Fig. 2
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Snow cover climatology (1981-20014)

Annual climatology: 1981-2014 / Models: IPSL-CM6A-LR (143x142), IPSL-CM6A-ATM-HR (361x512) / Observation: NOAA Climate Data Record (CDR) Version 1
a Historical (32) b AMIP (21) NOAA CDR
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https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/Snow%20cover.ipynb

Precipitation climatologies (APHRODITE)

Monthly averaged precipitation 1981-2014 (APHRODITE V1101 (0.5°))
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https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/Precipitation.ipynb

Precipitation: annual cycles

Ensemble mean annual cycle: 1981-2014 (shadings represent the std of ensemble members)
a HK b HM c B
] ] 7 \ ]

Total precipitation [mm/day]

—T T T T =T T — —
J ASO J UJASONDJFMAMJ JASOND
— Historical —— land-hist = APHRODITE == Historical (no snow) == land-hist (no snow)
— AMIP —— HighResMIP == ERA-Interim == AMIP (no snow) —~= HighResMIP (no snow)

“ERA-Interim strongly overestimates precipitation compared to the other data sets, and so does EC-Earth in the HKK domain, probably owing
to the fact that both ERA-Interim and EC-Earth provide total precipitation while the in situ station and satellite data, as well as their
combinations, have difficulties in detecting the snow component of precipitation. The analysis of liquid-only precipitation in ERA-Interim and
EC-Earth generally gives results closer to the observations.”

(Palazzi et al., 2013)
18


https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/Precipitation.ipynb
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2012JD018697

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

Annual climatology relative bias: 1981-2014 / Bilinear interpolation towards 143x144 grid
a Historical (32) - APHRODITE b AMIP (21) - APHRODITE
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https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/Precipitation.ipynb

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

Annual climatology relative bias: 1981-2014 / Bilinear interpolation towards 143x144 grid
a Historical (32) - ERA-Interim b AMIP (21) - ERA-Interim
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20°N d B 0 closer to the observations.” (Palazzi et al., 2013)
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https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/Precipitation.ipynb

“Cold bias” over Tibetan Plateau
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Fig. 2. Annual mean Ty (°C) differences between various models and CRU data averaged during 1979-2005. All air tempera-

ture values in the models have been corrected to real elevation at a resolution of 2.5° x2.5°.

The large are located in the , such as
the Rocky Mountains, the , the Andes, Greenland, and
Antarctica, and seem to be proportional to the topographic height. (Mao
and Robock, 1998 — First AMIP experiments)

These cold biases are partly attributable to the simulation of
in these regions (Lee & Suh, 2000). The
data may also be partly
responsible for the apparent cold bias of the model (Gu et al., 2012).
(Wang et al., 2013 — regional climate model RegCM)

This feature may imply a common
in the diverse models. It appears that the

and the
Tibetan Plateau)

(e.g., the
.(Suetal, 2013)

, which may be caused by
penetration of dry and cold air from the deserts of western Asia due to
an west of the TP
(Boos and Hurley, 2013). (Xu et al., 2017 — CMIP5)

The results suggest that improvements in the
, as well as the boundary layer, and hence
, may help to reduce the cold bias over the TP in the
models. (Chen et al,, 2017 — surface energy budget CMIP5)

Others: Salunke et al. (2019)., etc. 21
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Link with orography?

Annual climatology: 1981-2014 / Models: IPSL-CM6A-LR (143x142) / Observation: NOAA Climate Data Record (CDR) Version 1
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https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/Snow%20cover.ipynb

Nudged versus not nudged

Bias of zonal air temperature annual climatology (1981-2014) versus ERA-Interim
Global HMA (60°E-110°E) Global without HMA
b Not guided
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https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CM6012-LR-amip-G-02/ta_zonal.ipynb
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Dynamico

Snow cover extent annual climatology: 2001-2014
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More: https://docs.google.com/document/d/1CIIEB5U824pH903Tshlajc1ditttlWfU4reDSbAVAc/edit?usp=sharing
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