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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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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
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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
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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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and hot bias in stratosphere

Cold bias of air temperature

HMA seems to

The bias is

this bias

Adapted from from Boucher et
al., Fig. 3 (submitted)

Air Temperature [°C]


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

CMIP6 other models: snow cover bias

Annual climatology bias of Snow Cover Extent (1979-2014)
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SCF parameterization

SNODAS Snow Depth vs MODIS SCF swenson and Lawrence (2012)
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Figure 8. Histograms of relative depth and SCF based on SNODAS snow depth data and MODIS SCF

data. Contours represent logarithm of number of points. (top) Histograms based on all points. (middle)

Histogram based on points having low topographic variability (o < 200 m). (bottom) Histogram based 9
on points having high topographic variability (o = 200 m).
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SCF parameterization: preliminary results
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https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2007JD008674
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2007JD008674
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2012JD018178
https://link.springer.com/article/10.1007/s003820100153

e Tunerles + ajouter d'autres variables ? (ex : isotherme 0°C)
e  Papier multimodele ( ) en incluant les projections
° (voire guidée) pour une validation avec les observations GLACIOCLIM et envisager des simulations

longues (1850-2100)

1010 o

i Exemple de grille zoomée

W 60W W O

e  Ftudier les expériences déja a disposition pour étudier I
e Appliquer la méthode des analogues décrite dans Deser et al. (2016) afin de détecter des changements dans la région
des HMA et de les attribuer a des de 'atmosphere
Objectif final : essayer de en HMA et les attribuer a des changements

et/ou aux (CO2, aérosols, etc.)


https://glacioclim.osug.fr/
https://journals.ametsoc.org/jcli/article/29/6/2237/35126/Forced-and-Internal-Components-of-Winter-Air
https://github.com/mickaellalande/PhD/blob/master/Jean-Zay/ELI-144x142x79-zoomx2-himalaya-test.ipynb

Conclusions

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

Possible link with the

Bias reduced with nudge / higher resolution / dynamico

Other possible source of the bias:

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

e MC-Toolkit: exchange about numerical tools!
12


https://github.com/mickaellalande/MC-Toolkit
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https://docs.google.com/file/d/192zv0feKFM8e_p2KrD9c_ssGQx5jtvM1/preview
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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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https://rmets.onlinelibrary.wiley.com/doi/abs/10.1002/joc.5204
https://www.researchgate.net/publication/318431631_Spatiotemporal_variation_of_snow_cover_over_the_Tibetan_Plateau_based_on_MODIS_snow_product_2001-2014_SPATIOTEMPORAL_VARIATION_OF_SNOW_COVER/figures
https://data.nodc.noaa.gov/cgi-bin/iso?id=gov.noaa.ncdc:C00756
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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)
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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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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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“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. 24
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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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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
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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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