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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)

e
3 T R EASM
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|
I
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Smith and Bookhagen (2018), Fig. 1A



https://doi.org/10.1126/sciadv.1701550
https://advances.sciencemag.org/content/4/1/e1701550/tab-figures-data
https://www.the-cryosphere.net/13/2221/2019/
https://link.springer.com/chapter/10.1007%2F978-3-319-92288-1_1
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2009JF001426

High Mountain Asia (HMA):
station observations

o Legend
APH RO DITE A R > * Meterological Stations
_Statl O ns ‘ : e = %’vgsundary ‘b 7’?:
e o [_1 Basin Boundaries & :. AT f,f :

e Glaciers
e High : 8282
5 I owa1ss

S M g
o

China Meteorological Administration
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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)

APHRODITE Station Density
0 5-10 8
o . Smith and Bookhagen (2018), Fig. S


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://doi.org/10.1126/sciadv.1701550
https://advances.sciencemag.org/content/advances/suppl/2018/01/12/4.1.e1701550.DC1/1701550_SM.pdf

Analyse des biais dans LMDZ (CMIP6)



Snow bias in IPSL model CMIP5 versus CMIP6

WANG ET AL.: ORCHIDEE SNOW MODEL EVALUATION

snowfraction bias : ChoiAP - nhsce snowfraction bias : 6Actrl - nhsce
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Wang et al. (2013), Fig. 5 10

in (short wave radiation), L;, (longwave radiation) (sensible heat flux), LE(latent
heat flux), J (conduction heat flux), Q (snow layer heat content), Qp(advective heat

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) Wa ng et a | . (_20 /I 3)1 Flg 1


https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/jgrd.50395
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/jgrd.50395
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2019MS002005

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

100000

GIob_aI withou A

t HM

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 (2020)

Air Temperature [°C]
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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

Analyse multi-modele CMIP6
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CMIPG6 other models: Near-Surface Air Temperature bias

Annual climatology bias of Near-Surface Air Temperature (1979-2014)
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Bias (model-obs) of Near-Surface Air Temperature (°C)
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CMIPG6 other models: Snow Cover bias

Annual climatology bias of Snow Cover Extent (1979-2014)
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Bias (model-obs) of Snow Cover Extent (%)
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CMIP6 other models: Total Precipitation bias

Annual climatology bias of Total Precipitation (1979-2014)

BCC-CSM2-MR BCC-ESM1 CAS-ESM2-0 CESM2 CESM2-FV2 CESM2-WACCM CESM2-WACCM-FV2
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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-

4 57 6 7

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

8 9 10

,such as
. the Andes, Greenland, and

The large are located in the
the Rocky Mountains, the

Antarctica, and

(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. 20


http://climate.envsci.rutgers.edu/pdf/MaoRobock98.pdf
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2000JD900438
https://link.springer.com/article/10.1007%2Fs10584-012-0411-y
http://www.int-res.com/abstracts/cr/v57/n3/p173-186/
https://journals.ametsoc.org/doi/10.1175/JCLI-D-12-00321.1
https://journals.ametsoc.org/doi/10.1175/JCLI-D-12-00493.1
https://rmets.onlinelibrary.wiley.com/doi/abs/10.1002/joc.4731
https://link.springer.com/article/10.1007%2Fs00376-017-6326-9
https://link.springer.com/article/10.1007%2Fs00704-018-2644-9

Lien des biais avec |la topographie
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Problem with elevation?

relief_def v ¢ def- GMTED2010_00625deg
500 E
— " (]
£ 4N 300 3
2 100 <
Z 30N g
o -100 £
g @
:’5) 20°N —300-”6J
(]
—500'-:5
70°E  80°E 90°E 100°E 70°E  80°E 90°E 100°E 70°E  8G°E 90°E 100°E
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)

22


https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/clim-relief/compare_topography.ipynb
https://lmdz.lmd.jussieu.fr/utilisateurs/reunion-utilisateurs/2018/jlmdz2018-sepulchre.pdf
https://docs.google.com/document/d/10uWTBB1ZHW-EvPgrc6YLzlzYHLmT3NXmUjwgm35B4R0/edit?usp=sharing
http://www.temis.nl/data/gmted2010/

Problem with elevation?
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https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/clim-relief/snc_clim-relief.ipynb
https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/clim-relief/tas_clim-relief.ipynb
https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/clim-relief/precip_clim-relief.ipynb

Link with orography?
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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/Precipitation.ipynb
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/Snow%20cover.ipynb
https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/Snow%20cover.ipynb

Comparaison de la topographie
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https://earth.google.com/web/search/everest/@27.56707896,87.19544408,1894.56733179a,233387.0481329d,35y,-36.4554197h,59.61102077t,0r/data=CnEaRxJBCiQweDM5ZTg1NGEyMTViZDllYmQ6MHg1NzZkY2Y4MDZhYmJhYjIZ_4C9ePX8O0AhUQfDyjK7VUAqB2V2ZXJlc3QYAiABIiYKJAkEdl29L39LQBHjsGyfEskxQBmez4OtDKhbQCGXGk8FYv9IQA
https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/snc_bias_with_topography_3D.ipynb
http://www.temis.nl/data/gmted2010/

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

Parameétrisation sous-maille de la
topographie
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Parameétrisation sous-maille de la topographie

Altitude (m)

%
Wrong phase distribution / surface energy
budget over complex terrain?

— Walland and Simmons, 1996: SUB-GRID-SCALE TOPOGRAPHY AND
THE SIMULATION OF NORTHERN HEMISPHERE SNOW COVER

— Younas et al,, 2017: A strategy to represent impacts of
subgrid-scale topography on snow evolution in the Canadian Land

Surface Scheme

ARUNACHAL
PRADESH

ibrdgarh

Lucknow.

Kanpur:
NAGALAND

A
MEGHALAYA

i
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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
https://www.cambridge.org/core/journals/annals-of-glaciology/article/strategy-to-represent-impacts-of-subgridscale-topography-on-snow-evolution-in-the-canadian-land-surface-scheme/C49EBE2D724945456E060B145B8CF1EA

Walland and Simmons, 1996: Melbourne University GCM

to explicitly represent the height distribution on a

— Use a measure of
some

Nermatdistrbytter? include the

fine scale

within each grid-square together with
theory to approximate the distribution

and of the distribution

Approximation of the percentage of heights that fall
below a certain level (Abramowitz and Stegun, 1965)

P() = Panl) — [220(9)| + [’ 4700+ 1 z‘%)]
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Figure 1. Observed and modelled distributions of height within a (5-6° x 3-3°)grid-box over the Himalayan plateau (95-6°E, 34-7°N)

Walland and Simmons (1996)
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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
http://people.math.sfu.ca/~cbm/aands/abramowitz_and_stegun.pdf

Younas et al., 2017: Canadian Land Surface Scheme (CLASS)

e elevation bands at to capture air
temperature lapse rates (6.4 °C/km)
o five to resolve solar
radiation impacts on the evolution of snow depth
and SWE

Then results for snow depth and SWE

— than slope and aspect
angles when comparing

— representing snowpacks using only mean (model grid
cell) topographic characteristics masks the
elevation, slope and aspect introduce in their
evolution through time

Oct Nov Dec Jan Feb Mar Apr May Jun Jul

MAREs 744m

~ 100 =
g |[b
S 80"
£ 60t
g .l
© 401
¥ ol
&2

0

Oct Nov Dec Jan Feb Mar Apr May Jun Jul

Fig. 4. Elevational dependence of average daily (a) SWE and (b)
snow depth, comparing simulated CLASS results for the mean
elevation (744 m) with the mean of all remaining elevations
(MAREs), from 1 July 2008 to 30 June 2009.

Younas et al. (2017)

— peak SWE differences
the control of peak SWE values)


https://www.cambridge.org/core/journals/annals-of-glaciology/article/strategy-to-represent-impacts-of-subgridscale-topography-on-snow-evolution-in-the-canadian-land-surface-scheme/C49EBE2D724945456E060B145B8CF1EA

Roesch et al., 2001: Include STD in the SWE/SCF relationship (ECHAM4)

o (?i)stinguish between the(;c)JIIovvingthree terrains: fs:0‘95"“”h(loo'S”)\/looo.éogfe.ilo.wa G)
and (3)

Sn is the water equivalent —————————

[ J
(code_martin_neige_aerosol_2014) + aerosols

Surface albedo

but not implemented in the official code

e Actual formulain

50 . dsn S Fig. 4 Monthly mean surface albedos for the Himalayan region.

SRB: remotely sensed surface albedo of the SRB Project (1984-1990);

O 025 . CTRL: simulation of the current climate with ECHAM4/T42; USAFI

¢ p snow and USAF2: modified albedos based on the USAF snow depth
climatology and SCFs determined with Eqs. 2 and 7, respectively

fra'csnow,veg = tanh

Roesch et al. (2001)


https://link.springer.com/article/10.1007%2Fs003820100153

Swenson & Lawrence, 2012: New SWE/SCF relationship (CLM4)

d

F = tanh
2.52()g (ps,ww/pnew)m

1 W N, melt 08

N 00 . . . .
p— e~ 0.0 02 04 06 08
melt WW_max

topo === N=025 == N=050 == N=100
== N=200 === N=400 === N=800

Figure 9. Depletion curves defined by equation (4) for different values of the shape parameter N, The

x axis is snow depth in meters, and the y axis is SCF.

SNODAS Snow Depth vs NEW_SCF_PARAM
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Figure 10. Histograms of predicted SCF, derived from SNODAS snow depth data and equations (4)
and (5).

SNODAS Snow Depth vs MODIS SCF
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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 (¢ < 200 m). (bottom) Histogram based
on points having high topographic variability (o > 200 m).




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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Autres prospectives

Objectif final : essayer de en HMA et les attribuer a des changements
et/ou aux (CO2, aérosols, etc.)
e Introduction de la nouvelle (en cas de succes) dans le modele afin de faire des simulations

plus précises et mieux représenter les changements de la cryosphere
e Papier multimodele (CMIP6) en incluant les projections

° (voire guidée) pour une validation avec les observations GLACIOCLIM et envisager des simulations
longues (1850-2100)

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 l'atmosphere

i Exemple de grille zoomée



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

Theése
e Début de premiére année : formations, biblio, prise en main des outils

e Milieu de premiére année : Analyse des biais + essaie de
— (couplé) que CMIPS sur les (lien possible avec la troposphere, la
topographie, les précipitations et d'autres variables non étudiées : albédo, couverture nuageuse, aerosols, couche
limite, bilan énergétique de surface)

e Fin de premiere année : Analyse + lice ala
topographie sous-maille dans LMDZ + autres

Encadrement
e Encadrants, labo, Grenoble top — toujours aussi motivé pour la suite !

Perso

e Pas mal investi dans les outils émergents d'analyses (Python, Jupyter, xarray, dask, intake, proplot, xESMF, etc.)
o MCToolkit a I'GE / Echange avec Guillaume Levasseur pour mettre en place sur CICLAD un catalogue Intake +
Dask (parallélisation) + environnement Pangeo
o  Tout mon projet est sur Github (+ liens sur les figures) + présentations sur mon site internet

Bonus

e Projet de chaine Youtube sur la vulgarisation autours du climat (Sciences et Climat)
e  Quelques photos de randonnées 37



https://link.springer.com/article/10.1007/s00382-020-05222-5
https://www.uibk.ac.at/iup/buch_pdfs/10.1520399106-003-1.pdf
https://www.uibk.ac.at/iup/buch_pdfs/10.1520399106-003-1.pdf
http://xarray.pydata.org/en/stable/
https://dask.org/
https://intake-esm.readthedocs.io/en/latest/
https://proplot.readthedocs.io/en/latest/
https://xesmf.readthedocs.io/en/latest/
https://github.com/mickaellalande/MC-Toolkit
https://intake-esm.readthedocs.io/en/latest/
https://pangeo.io/
https://github.com/mickaellalande/PhD
https://mickaellalande.github.io/
https://www.youtube.com/channel/UCisQk7COaz17d7dg3qSb10Q/featured?view_as=subscriber
https://www.instagram.com/mickaellalande/
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https://docs.google.com/file/d/192zv0feKFM8e_p2KrD9c_ssGQx5jtvM1/preview
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Near-Surface Air Temperature climatologies (CRU)

Monthly averaged temperature 1981-2014 (CRU TS v. 4.00)
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Monthly snow cover climatologies (from satellite observations)

Monthly averaged snow cover 1981-2014 (NOAA Climate Data Record (CDR) Version 1)

NOAA Climate Data Record (CDR) of a b February c March April

Northern Hemisphere (NH) Snow
Cover Extent (SCE), Version 1
(1981-2014)

January

MODIS/Terra Snow Cover 8-Day [ 3
Global 0.05Deg CMG, Version 6
(2001-2014)

- 100

90

- 80

June

October November December

Li et al. (2018), Fig. 2
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https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/Snow%20cover.ipynb
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
https://data.nodc.noaa.gov/cgi-bin/iso?id=gov.noaa.ncdc:C00756
https://data.nodc.noaa.gov/cgi-bin/iso?id=gov.noaa.ncdc:C00756
https://nsidc.org/data/MOD10C2/versions/6
https://nsidc.org/data/MOD10C2/versions/6

Precipitation climatologies (APHRODITE)

Monthly averaged precipitation 1981-2014 (APHRODITE V1101 (0.5°))
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T T T T
> A a0
o o

Total precipitation [mm/day]

T
w
o

December

T
w

= hh
o o

47


https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/Precipitation.ipynb
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30°N

20°N

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

Annual climatology relative bias: 1981-2014 / Bilinear interpolation towards 143x144 grid
Historical (32) - APHRODITE b AMIP (21) - APHRODITE
7 ; pZS = : L : =N -l B
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The in situ station and satellite data, as well as
their combinations, have

component of precipitation. (Palazzi et
al,, 2013)

An independent validation with observed river
flow confirms that the water balance can indeed
only be closed when

.(Immerzeel et al.,
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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://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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:Zz ERA-Interim and EC-Earth generally gives results
20°N d B 0 closer to the observations.” (Palazzi et al., 2013)
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https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2012JD018697
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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https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CMIP6_IPSL_bias/Precipitation.ipynb
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2012JD018697

More:
https://docs.google.com/document/d/1S

ph\WiaGEVB9KObkeC4U2hC-graRfaE-ojL
avZcDGPU/edit?usp=sharing

Back

Nudged versus not nudged

model_level_number (Pa)

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
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

Dynamico versus HighResMIP: snow cover*

Snow cover extent annual climatology: 2001-2014

a CM6A-ATM-HR b CM7A-HR-v1.11 100 cCM7A-HR-v1.11 - CMBA-ATM-HR
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https://github.com/mickaellalande/PhD/blob/master/CICLAD/Himalaya/CM7A-HR-v1.11/snc_MOD10CM.ipynb

Air Temperature of historical (r1i1p1f1)

Annual climatology bias: 1981-2014 / Bilinear interpolation towards 143x144 grid
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Annual climatology: 1981-2014 / Bilinear interpolation towards 143x144 grid
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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
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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

CMIP6 other models: Annual cycles
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Near-Surface Air Temperature annual cycle from 1979-2014 climatology

Near-Surface Air Temperature [°C]
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Snow Cover Extent [%)]

Total Precipitation [mm/day]

CMIP6 other models: Annual cycles

Snow Cover Extent annual cycle from 1979-2014 climatology
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Total Precipitation annual cycle from 1979-2014 climatology
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Atmospheric component of the IPSL integrated climate

LMDZ 3D dynamical core model LMDZ4

Finite difference formulation
conserving enstrophy and angular momentum

Single-
column

model
1D monitor for
academic or test cases/ §
<7
~{

Transport by winds
Finite volume

ethods

#% Turbulent mixing
# Convective transpo

- radiation (Fouquart/Morcrette)
- boundary layer (LDM + options)

. - convection (Emanuel and Tiedtke)
- clouds (statistical scheme)
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