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Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

1.1 IMass balance uncertainties
Grounded ice sheet :

1 Surface mass balance + Ice flux

= Mass balance = Sea level contribution

T e
Futur
1
Surface mass balance |
Ice flux
16/07/12
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Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

1.1 |Mass balance uncertainties
Grounded ice sheet :

Surface mass balance + Ice flux
= Mass balance = Sea level contribution

Estimations for the end of the 20th century :
= (-5,5 + 0,3) + (6,0 + 0,1) mm/yr

_ Lenaerts et al. 2012  Rignot et al. 201 |

e = (0,5 * 0,4) mMm/yr

Observed sea level rise : ~3 mm/yr
|

Surface mass balance

Ice flux
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1.1 1Mass balance uncertainties

Evolution for the next centuries ?

Response to global warming :

Surface mass balance : instantaneous

lce flux : acceleration, indirect effect
(in West Antarctica, Pritchard et al. 2012)
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Goals

Evolution of the Antarctic surface mass balance by high-resolution downscaling

~and impact on sea-level change for the next centuries

.

1.2 |Aim of the downscaling ?

|

16/07/12
R

Modeling : only tool to estimate the SMB evolution

==~ Global circulation models

Regional circulation models |

Antarctic SMB estimations
depend on models resolution
(IPCC 2007, Genthon et al. 2009)



Aim of the downscaling ?

Good SMB estimation :
require high resolution (<20 km)
at ice-sheet margins

(high accumulation, complex topography)

BUT :
Large spatial extent (5000 km x 5000 km)
Large temporal extent (hundred of years)

— Climate models limited by computational costs
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Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

2.1 |Downscaling method

INPUTS
(RESOLUTION : ~50 KM)

Large-scale

model outputs :
2 T,QU V, W,R OuUTPUTS

N (RES. : ~15 KM)

SMHIL

High-resolution topography

3D Fields
| Time step : 6H

Surface fields
\Time step : 3H
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Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

2.1 |Downscaling method

INPUTS
(RESOLUTION : ~50 KM)

Large-scale

model outputs: :
2 PbT,QUV,WR

o

High-resolution topography

OUTPUTS

(RES. : ~15 KM)
é )

3D Fields V Precipitation
| Time step : 6H

Surface fields
\Time step : 3H
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Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

2.1 |Downscaling method

INPUTS
(RESOLUTION : ~50 KM)

Large-scale

model outputs: :
2 PbT,QUV,WR

High-resolution topography

OUTPUTS
(RES. : ~15 KM)

3D Fields ~ Precipitation Show
Rain

| Time step : 6H

Surface fields
\Time step : 3H
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Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

2.1 |Downscaling method

INPUTS
(RESOLUTION : ~50 KM)

Large-scale
model outputs :

PbT,Q UV, W,R

3D Fields
Time step : 6H

Surface fields
\Time step : 3H

16/07/12
03

High-resolution topography

Precipitation

SMHIL

Surface energy balance

OUTPUTS
(RES. : ~15 KM)

Snow
Rlain



Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

2.1 |Downscaling method

INPUTS
(RESOLUTION : ~50 KM)

Large-scale
model outputs :

PbT,Q UV, W,R

,,, o

-3 | 3D Fields |
Time step : 6H

Surface fields
\Time step : 3H

16/07/12
03

High-resolution topography

OUTPUTS
(RES. : ~15 KM)

Precipitation Show

Rlain

SMHIL |-

Surface energy balance

Sublim.
Melting
Refreez.



Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

2.2 |Precipitation downscaling

KK .

* ** ° ° ° ° °
—— * * High-resolution precipitation
Futur * ***

High-resolution
topography
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Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

2.2 |Precipitation downscaling

Orographic precipitation
Linked to topography

|-D (air column) parametrization

Sinclair, 1994
Funk et Michaelsen, 2004
Durran and Klemp, 1982

Brasseur, Fettweis, Gallee, Gential

High-resolution precipitation

hfutur
High-resolution
topography
16/07/12
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Model Evolution of the Antarctic surface mass balance by high-resolution downscaling

~and impact on sea-level change for the next centuries

2.2 |Precipitation downscaling

Non-orographic precipitation Orographic precipitation
Synoptic scale Linked to topography
Computed from large-scale outputs |-D (air column) parametrization
Brasseur, Fettweis, Gallee, Gential
Sinclair, 1994

Funk et Michaelsen, 2004
Durran and Klemp, 1982

High-resolution precipitation

| Futur |}
High-resolution
topography
16/07/12
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Evolution of the Antarctic surface mass balance by high-resolution downscaling

Model s , | )
~and impact on sea-level change for the next centuries

2.3 |Surface energy balance downscaling

Local regression of large-scale surface fields
against the topography

16/07/12
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Model Evolution of the Anl:arctlc surface mass balance by high-resolution downscaling
~and impact on sea-level change for the next centuries

2.3 |Surface energy balance downscaling

Local regression of large-scale surface fields
against the topography

Surface scheme

16/07/12
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ution downscaling

o
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Model BB

2.3 [Surface energy balance downscaling

Local regression of large-scale surface fields
against the topography

High-resolution Surface scheme
precipitation

16/07/12
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ition downscaling

Local regression of large-scale surface fields
against the topography

High-resolution Surface scheme
precipitation LMDZ4

Sublimation
Melting

I6/8Z;|2 Off-line Refreezing




solution downscaling

Model B

2.3 Sﬁrface energy balance downscaling

Local regression of large-scale surface fields
against the topography

High-resolution Surface scheme
precipitation LMDZ4 SISVAT (full scheme)

Sublimation Sublimation
Melting Melting
e Off-line Refreezing Refreezing
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Evolution of the Antarctic surface mass balance by high-resolution downscaling

Valid.

~and impact on sea-level change for the next centuries

3.1 |Downscaling of an atmospherlc global climate model

LMDZ4
. French Global Circulation Model (IPCC 2007)

Zoomed on the Antarctic continent
| Futur | Climatic runs (decadal variability)
Antarctic resolution : 60 km / Runs : 1980-2200

16/07/12
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Impact of downscaling on SMB estimation

SMB LMDZ4 1981-2000

mem ==t -




Valid.

Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

3.2 |Impact of downscaling on SMB estimation

16/07/12
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SMB LMDZ4 1981-2000
ASMB SMHIL - Large- scale

mm w.e.a’!
1500

700
100
50
20




Impact of downscaling on SMB estimation

Contribution of present Antarctic SMB
to sea-level changes

LMDZ4
Large-scale SMHIL
- 5,6 mm/yr - 6,5 mm/yr (+17%)
(- 0,9 mm/yr)
ERA-Interim
Large-scale SMHIL
- 4,4 mm/yr - 5,5 mml/yr (+26%)
(- I mm/yr)
Significantly different
16/07/12 How to validate it ?
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Valid Evolution of the Antarctic surface mass balance by high-resolution downscaling

~and impact on sea-level change for the next centuries

3.3 |Comparison to observations

SMB observations
Climatological scale / Up-to-date

16/07/12 : o Magand et al. (2007)
11 i ok ” Parouty et al. (en prep.)



Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

3.3 |Comparison to observations

SMB observations
Climatological scale / Up-to-date / Quality-controled

Futur

hase apres tri

Base avant tri

Elevation (m)
4185
- 3337
- 2488

16/07/12 1640 | ” Magand et al. (2007)
11 . ok ” Parouty et al. (en prep.)



SMB LMDZ4 1981-2000

1000 ———
-Large-scale

Models (mm w.e.a’')

10 | | | | L1 1 11 | | | | I I |
16/07/12 10 . 100 1000
12 Observations (mm w.e.a’')
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Validation over Law Dome

Law Dome

SMB climatology

van Ommen et al. 2004




Validation over Law Dome

Law Dome

SMB cIimato.Iogy N ,

van Ommen et al. 2004 s
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Main wind
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Validation over Law Dome

Law Dome

5
- -200
SMB climatology : n
van Ommen et al. 2004 &7
74 Q0CA ~ 5
s I
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Evolution of the Antarctic surface mass balance by high-resolution downscaling

16/07/12
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and impact on sea-level change for the next centuries

3.4 | Validation over Law Dome

S

Spatial pattern and intensity better displayed

Air drying to be improved

Linked to large=-scale model processes and resolution



4.1 |Scenarios and forcings

LMDZ4
Atmospheric global climate model
End of the 2| st century
20th century 22nd century

Valid. |

3 J
Green-house gases

emission scenarios

Observations AIlB «Realisticy

Ocean forcings Observations HADCM3

Sea surface temperature

Sea-ice concentration A .
nomalies

16/07/12 — 700 years
17



Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

4.2 1SMB evolution AlIB
HADCM3

A = SMB End 21st - SMB End 20th century
ASMHIL

mm w.e. a’!

1500
| 700
-

100
s

20

16/07/12
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Evolution of the Antarctic surface mass balance by high-resolution downscaling

Futur

and impact on sea-level change for the next centuries

4.2 1SMB evolution AlIB
HADCM3

A = SMB End 21st - SMB End 20th century
ASMHIL - ALarge-scale

\ mm w.e.a

1500
700

100
50
20

______________
- ~ -
~~~~~~
- -
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mm a's.l.e.

-0.25
-0.5
-075

-1.25
-1.5

4.3 |SMB contribution to sea-level changes

LMDZ4

Al B scenario

21st - 20th
centuries

25%

EC = ECHAMS
HA = HADCM3

Large-scale

SMHIL
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mm a's.l.e.

-0.25
-0.5
-075

-1.25
-1.5

4.3 |SMB contribution to sea-level changes

EC = ECHAMS
LMDZ4 HA = HADCM3

Al B scenario

< <
= T

Large-scale

SMHIL
21st - 20th
centuries
22nd - 20th
25% 1 centuries




Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

5 |Conclusions

SMHIL

Based on physical parametrisation
Performant over ice-sheets @
Fast computing

Futur

S

16/07/12
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Evolution of the Antarctic surface mass balance by high-resolution downscaling

Concl. e
~and impact on sea-level change for the next centuries

5§ |Conclusions

SMHIL
Based on physical parametrisation
Performant over ice-sheets @

3 Fast computing

Futur 1
i a1

Compute the impact of the high-resolution topography
5 on surface mass balance

Highest resolution ever tested
for climatic runs over Antarctica

16/07/12
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Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

5 |Outcomes

16/07/12
pA |

High-resolution SMB (present / evolution)
sighificantly different from large-scale SMB

To be implemented
Humidity advection
Snow drift ?

Under-representation of observation in low-elevation areas
where the SMB variability/amount is the highest

Crutial need of observations :
In coastal areas / Large spatial extent / Long-term measurements

Other methods for downscaling validation :
Comparison to a regional climate model



Evolution of the Antarctic surface mass balance by high-resolution downscaling

Sl ~and impact on sea-level change for the next centuries
5 |Outlooks
To be implemented
Humidity advection
Futur 1 Under-representation of observation in low-elevation areas

16/07/12
pA |

where the SMB variability/amount is the highest

Crutial need of observations :
In coastal areas / Large spatial extent / Long-term measurements

Other methods for downscaling validation :
Comparison to a regional climate model



Evolution of the Antarctic surface mass balance by high-resolution downscaling

Concl.

5 |Outlooks

and impact on sea-level change for the next centuries

Poster:
32. Observing Antarctica and the Southern Ocean
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A 40-year accumulation dataset for Adelie Land, Antarctica
and its application for model validation
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osue A 40-year accumulation dataset for Adelie Land, Antarctica
sy R and its application for model validation \”
sorver & comprendre 3 ’
Cécile Agosta (), Vincent Favier (), Christophe Genthon (), Hubert Gallée (), Gerhard Krinner (), Jan T. M. Lenaerts ), Michiel R. van den Broeke @ ™
() Laboratoire de Glaciologie et Géophysique de I'Environnement, @Institute for Marine and Atmospheric research Utrecht,
Université Joseph Fourier / CNRS, Grenoble, France Utrecht University, Utrecht, The Netherlands
Contact : cecile.agosta@gmail.com / Reference : Climate Dynamics, Vol 38, Numbers 1-2, 75-86, DOI:10.1007/s00382-011-1103-4
JE— Surface mass balance (SMB) observations in coastal Adelie Land High spatial variability of the annual SMB at the kilometer scale

IPEV GS Stationnary since 2004 Stationnary since the 1970’s

yl French polar institute archives GLACIOCLIM-SAMBA stake-line 10 oo e 1400
F utu r ‘ From the coast to 17 km inland From the coast to 156 km inland 0 so0s s s 100 m| 2004 . %‘: 1200 ©IPEV1971-1991© GS 20042008

“ 22 accumulation stakes 91 accumulation stakes S =0 M’"\/“‘"‘"‘M/\/\/"\/M 2005 %0 g % 10w

. o - .

" Measured annually Surveyed annually % @ 100 MMWWV\WW/\%%G/\ w ;g ::Z

(stakes height) (height + snow density on each stake) 1%} z 2% 1000 ZE 40

/ i | Dec. 1970 — Dec. 1991 : 21 years  Dec. 2003 — Dec. 2011 : 8 years and more ... | © £ WA A A \,\/\/\—29\07/ :ig“g §§ 200

Coastal Adelie Land Black dots : GS stakes 4200 %0 W\/VWM/\/W\/M»/\«/\EQ’F/" = 0

e %33 -200

2 4 6 8 10 12 14 16 18

0 20 40 60 80 100 120 140 160 Kkm from the coast

3000 km from the coast
~ 800 Temporally-averaged SMB
© == 20 km average . .
2000 s 600 Gap-filed GS SMB Blue_llpes and ||ght blug band :
= GS mean and minimum-maximum interval (2004-2008)
g 400 temporally-averaged Red lines and light red band :
1000 EE 200 (2004-2008) IPEV mean and the 80% interval of SMB values (1971-1991)
% 0 Horizontal black bars :
0 Uncertainty associated with the location of the IPEV stakes
:ég 0 40km fro?r? the clozz;)st 160
Surface elevation in m from Bamber et al. (2009) oo
800 <GS
Evaluation of Antarctic SMB climatologies for the end of the 20th c. High interannual variability 2 %l wo Spatially-averaged SMB (0 to 17 km)
Observation-based climatologies : Arthern et al. (2006) and van de Berg et al. (2006) Unchanged temporal variability g g :ZZ w Vertical bars :
Re-analyses : ERA-40 and ERA-Interim since the 1970’s 2 E . 2-standard deviation intervals
Atmospheric global circulation model : LMDZ4 3
Atmospheric regional circulation models : MAR, PMM5 and RACMO2 - = - _zm ==
] [7aBere > Spatial patterns (temporally-averaged SMB) o ~ Conclusions .
a0 l [ l T Colored lines : Model No significant accumulation trend over the last 40 years in Coastal Adelie Land
s T Black lines : GS stakes SMB averaged on each model grid box (2004-2008) GLACIOCLIM-SAMBA stake line, SMB observatory :
é 40 80 120 160 0 40 80 120 160 Interannual variability (spatially-averaged SMB) Representative of the climatology of coastal Adelie Land from the 1970’s to present
=2 MAR RACMO| Spatial mean over 17 km-IPEV (empty circles) / 156 km-GS (full circles) Designed to evaluate and validate climate models at the mesoscale and at interannual time scales :
2 400 II . } R R Colored lines : Model / Black lines : Observations (IPEV or GS) Adequately sample small-scale spatial variability to be properly averaged out
N Boxes : length = period of computation/measurement, middle dashed Large spatial extent to fit the scales resolved by the models
40 80 120 160 0 40 80 120 160 line = mean SMB, width = two standard deviation intervals

Annual resolution over a multi-year time span (to be continued)
At the periphery of the ice sheet where present accumulation and predicted change are largest
Distributed data : http://www-Igge.ujf-grenoble.fr/ServiceObs/SiteWebAntarc/background.html

SMB climatologies evaluation :
Es00 ERA-40| ERA-In{ The meso-scale spatial pattern of the annual-mean accumulation is qualitatively reproduced (except MAR)
I 6/0 7/ I 2 S0 _l_.l{,__}" l, ! I MAR model underestimated significantly the mean SMB : corrected now
“ 0 Reanalyses and models forced by reanalyses correctly represent the chronological variability
) 40 80 120 160 0 40 80 120 160 Lt e i (good large-scale circulation)
2 2 km along transect ~ km along transect 1970 1980 1990 2000 2010 1970 1980 1990 2000 2010 1970 1980 1990 2000 2010 The magnitude of the SMB interannual variability is underestimated

800 PMMS TMDZ4

A"“"p—‘-"l‘l“l—} For

40 80 120 160 0 40 80 120 160

0 1970 1980 1990 2000 2010

800 ERA-Tnt
600
40041
200{[/%}
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Aim of the downscaling ?
Surface mass balance downscaling

High-resolution Complex models outputs
topography Physics + / Resolution =

N
I

Simplified physical equations
Limited computational costs

High-resolution SMB

T from various large-scale climate models
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Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

5 |Perspectives

These de Deborah Verfaillie :

Regionalisation du BMS sur la peninsule Antarctique et Kerguelen
Implantation de I'advection ...

Strategie d’utilitation de SMHIL :

SMHIL ~15km

Meilleur modele atmospheérique régional sur I’Antarctique

(processus polaires)
MAR ? ~40km

Meilleur modele de climat global sur I'Antarctique

(circulation preésente)
A choisir parmi les modeles de CMIP5 ~80km

Regionalisation du BMS pour les modeles d’ecoulement
Intermediaire entre modele atmosphérique et modele de calotte

16/07/12
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Evolutioje wiithka Aegavatilisatidacd uzissnbdaneasby deshurésodution torguscaling

and ipgpacesansendlevell ationgd farivider rdest moemsuries
1.2 |Mass balance uncertainties

Evolution for the next centuries ?

1 Global warming
End 21st c. - End 20th c.
Multi-model mean, IPCC 2007 (AIB scenario)

Futur
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Evolutioje wiithka Aegavatilisatidacd uzissnbdaneasby deshurésodution torguscaling

and ipgpacesansendlevell ationgd farivider rdest moemsuries
1.2 |Mass balance uncertainties

Evolution for the next centuries ?
Global warming

End 21st c.- End 20th c.
Multi-model mean, IPCC 2007 (AIB scenario)

Futur

Atmospheric change impact :
Surface mass balance : instantaneous

acceleration, indirect effect
(in West Antarctica, Pritchard etal.2012)

16/07/12
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Enjeu

~and ipmpacesansen-level utiongd foriveea rdest roemsuries
1.2 |Mass balance uncertainties

Evolution for the next centuries ?
Global warming

End 21st c. - End 20th c.
Multi-model mean, IPCC 2007 (AIB scenario)

| Futur j
Atmospheric change impact :
Surface mass balance : instantaneous
lce flux : acceleration, indirect effect
(in West Antarctica, Pritchard et al. 2012)
16/07/12
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Evolution of the Antarctic surface mass balance by high-resolution downscaling

~and impact on sea-level change for the next centuries

5 |Perspectives

_ Futur !

]
16/07/12
47

Regionalisation du BMS sur la péninsule Antarctique et Kerguelen

Strategie d’utilitation de SMHIL :

SMHIL ~15km

Meilleur modele atmosphérique régional sur I’Antarctique

(processus polaires)
MAR ? ~40km

Meilleur modele de climat global sur I’Antarctique

(circulation présente)
A choisir parmi les modéles de CMIP5 ~80km

Intermediaire entre modele atmospherique et modele de calotte



Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

5 |Perspectives

16/07/12
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Regionalisation du BMS sur la péninsule Antarctique et Kerguelen

SMHIL ~15km

Meilleur modele atmospheérique régional sur I’Antarctique

(processus polaires)
MAR ? ~40km

Meilleur modele de climat global sur I'Antarctique

(circulation preésente)
A choisir parmi les modeles de CMIP5 ~80km

Regionalisation du BMS pour les modeles d’ecoulement
Intermediaire entre modele atmospherique et modele de calotte
Groenland/Antarctique, siécle/milliers d’années
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2.2 |Régionalisation des précipitations

Elevation de masses d’air a saturation au dessus d’un relief

6/0 T :Temperature
: Q : Humidite (quantité de vapeur d’eau)
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2.2 |Régionalisation des précipitations

Elevation de masses d’air a saturation au dessus d’un relief

T| < To Refroidissement adiabatique

6/0 T :Temperature
: Q : Humidite (quantité de vapeur d’eau)
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2.2 |Régionalisation des precipitations

Elevation de masses d’air a saturation au dessus d’un relief

T| < To Refroidissement adiabatique

Qi = Qmax(Ti) < Qo

6/0 T : Temperature
: Q : Humidite (quantité de vapeur d’eau)
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2.2 Reglonallsatlon des preC|p|tat|ons

Elevation de masses d’air a saturation au dessus d’un relief

T| < To Refroidissement adiabatique

Qi = Qmax(T1) < Qo

’: Précipitations orographiques
4\ Precip. oro. = Fonction(T,RQ) x w

i Intensite proportionnelle

—) TO .
a la vitesse verticale du vent
Qo = Qmax(To) ,
Brasseur, Fettweis, Gallee, Gential
— O Basé sur Sinclair 1994
—>
6/0 T : Temperature

N Q : Humidite (quantité de vapeur d’eau)
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2.2 |Régionalisation des précipitations

En surface : Vitesse verticale depend directement de la pente du relief
Au dessus de la surface:

16/07/12
19



Modele

2.2 |Régionalisation des précipitations

En surface : Vitesse verticale depend directement de la pente du relief
Au dessus de la surface:

Stability = Oscillation @

Frequency = Function(Stability)

16/07/12
19



Modeéle

2.2 |Régionalisation des précipitations

En surface : Vitesse verticale depend directement de la pente du relief
Au dessus de la surface:

Slow-varying stability
Oscillation period << time to pass the obstacle

= Vertically propagating waves
(hydrostatic internal gravity wave)

16/07/12
19
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2.2 |Régionalisation des préc”ipitations
Onde de gravite hydrostatique

= Parametrisation uni-colonne

KM I
T i Orographic precipitation
. = Fonction(T,RQ) x w
10 V;
0
A
N W (depend de la pente du relief)
- il
;.
5 &
3 Brasseur, Fettweis, Gallée, Gential
o i‘i‘ Basé sur : Sinclair 1994
L ~. Funk et Michaelsen, 2004
+ ii Durran and Klemp, 1982
i | e Gallée et al., 201 |
L0

Queney, 1948
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Modéle B

A#é

W

Saturated air

NG

2.2 _Precipitation downscaling

16/07/12
07

Adiabatic cooling = Orographic precipitation

= Function(T,FQ) x w

w function of :
Surface slope (topography)

Air stability (gravity waves)
TLRQ

|-D (air column)
parametrization

Brasseur, Fettweis, Gallee, Gential

Sinclair, 1994
Funk et Michaelsen, 2004
Durran and Klemp, 1982
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2.4 |Forces et faiblesses du modélé

Paramétrisation des preécipitations

adaptee aux bordures de calotte
» Estimation de l'effet orographique
» Estimation de la part non-orographique
» Pas d’advection de I'assechement de lair

Modélisation du bilan d’énergie de surface

avec un schéma pensé pour les régions enneigees

Estimation de la sublimation/fonte/regel
Pas de modeélisation de I'érosion/depot/transport

Temps de calculs reduits
Paramétrisation uni-dimensionnelle

Simulations climatiques a haute resolution

Applicable a differents modeles de grande échelle

Tres dependant du modele de grande échelle
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ALMDZ4 = 21 e - 20e siecle (évolution)
A(APrecipitations) = ASMHIL - AGrande échelle
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4.3 |Contribution du BMS aux variations du niveau des mers

LMDZ4
Forcage oceanique : EC = ECHAM5S HA = HADCM3
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2.2 |Régionalisation des précipitations

Equations d’écoulement, fluide Newtonien |Hypotheses simplificatrices :

Conservation de la quantité de mouvement | Transformation adiabatique
Conservation de la masse Gaz parfait
Conservation de I'eénergie Ecoulement irrotationel

Approximation de Boussinesq
Ecoulement stationnaire

2D

Linearisation des equations :
Petites perturbations autour de I'equilibre hydrostatique

Vent horizontal >>Vent vertical
Variables moyennes variant peu horizontalement

= Equation d’onde sur la vitesse verticale du vent
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2.2 |Régionalisation des precipitations
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Conservation de la quantité de mouvement | Transformation adiabatique
Conservation de la masse Gaz parfait
Conservation de I'eénergie Ecoulement irrotationel

Approximation de Boussinesq

Ecoulement stationnaire
2D

Petites perturbations autour de I'equilibre hydrostatique
Vent horizontal >> Vent vertical
Variables moyennes variant peu horizontalement

= Equation d’onde sur la vitesse verticale du vent

Stabilite de I'atmosphere et criteres geometriques :
Stabilite variant lentement selon la verticale
Periode d’oscillation << Temps pour passer I'obstacle

= Onde de gravité hydrostatique
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2.2 |Régionalisation des précipitations

Equations d’ecoulement, fluide Newtonien
Conservation de la quantitée de mouvement
Conservation de la masse

Conservation de I'eénergie

Linearisation des equations :

Hypotheses simplificatrices :
Gaz parfait

Transformation adiabatique
Ecoulement irrotationel
Approximation de Boussinesq
Ecoulement stationnaire

2D

Petites perturbations autour de I'equilibre hydrostatique

Vent horizontal >> Vent vertical

Variables moyennes variant peu horizontalement
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2.2 |Reégionalisation des précipitations

Equations d’écoulement, fluide Newtonien |Hypotheses simplificatrices :
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Conservation de la quantité de mouvement | Transformation adiabatique
Conservation de la masse Gaz parfait
Conservation de I'énergie Ecoulement irrotationel

Approximation de Boussinesq
Ecoulement stationnaire

2D

Linéarisation des equations :

Petites perturbations autour de I'equilibre hydrostatique
Vent horizontal >> Vent vertical

Variables moyennes variant peu horizontalement

= Equation d’onde sur la vitesse verticale du vent ...
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Petites perturbations autour de I'equilibre hydrostatique
Vent horizontal >> Vent vertical
Variables moyennes variant peu horizontalement

= Equation d’onde sur la vitesse verticale du vent ...

Stabilite de I'atmosphere et criteres geometriques :
Stabilite variant lentement selon la verticale
Periode d’oscillation << Temps pour passer I'obstacle
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2.2 |Reégionalisation des précipitations
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Conservation de la quantité de mouvement | Transformation adiabatique
Conservation de la masse Gaz parfait
Conservation de I'énergie Ecoulement irrotationel

Approximation de Boussinesq
Ecoulement stationnaire

2D

Linéarisation des equations :

Petites perturbations autour de I'equilibre hydrostatique
Vent horizontal >> Vent vertical

Variables moyennes variant peu horizontalement

= Equation d’onde sur la vitesse verticale du vent ...

Stabilite de 'atmosphere et criteres geometriques :
Stabilite variant lentement selon la verticale
Periode d’oscillation << Temps pour passer |'obstacle

6/0 ... dépendant des conditions locales de topographie



4.1 |Augmentation du BMS au cours des prochains siecles
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3.2 |Apport de la regionalisation
LMDZ4 1981-2000
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Evolution of the Antarctic surf»ace mass balance by high-resolution downscaling
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Evolution of the Antarctic surface mass balance by high-resolution downscaling

Actuel ey 1| i o
~and impact on sea-level change for the next centuries

1.1 |Comparaison a des observations de qualite controlee
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Evolution of the Antarctic surface mass balance by high-resolution downscaling

' for the next centuries
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Evolution of the Antarctic surface mass balance by high-resolution downscaling
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1.3 |Régionalisation du bilan de masse de surface Antarctique

a-level change for the next centuries

Modele de climat

| \

Régionalisation
¥
BMS modélisé Présent )
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| Futur | mer — calotte
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Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

1.3 |Régionalisation du bilan de masse de surface Antarctique

; Projections futures :

Air :Temperature T = Humidité T

Futur
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1.3 |Régionalisation du bilan de masse de surface Antarctique

Modéle Air :Température T = Humidité T

! Actuel U

Precipitations de neige T

Projections futures :

Occurrences de pluie/fonte, sublimation T

Surtout en zone cotiere
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Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

1.1 |[LAntarctique : un continent englace
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Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

1.1 |Géographie de la calotte polaire Antarctique

Epaisseur maximale de glace : 4800 m
Point culminant de glace : 4100 m
Point culminant en rocher : 4897 m

Chaine transantarctique
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Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

1.2 |Bilan de masse de la calotte Antarctique et niveau des mers

= bilan des flux d’eau entrant et sortant sur la calotte posée

m Bilan de masse de la calotte
= Contribution au niveau des mers

Bilan de Masse de Surface (Accu. nette) : Flux entrant et sortant
Ecoulement glaciaire (a travers la ligne d’échouage) : Flux sortant

Futur
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Modale Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

2.2 |Régionalisation des precipitations

Elevation de masses d’air a saturation au dessus d’un relief

16/07/12 T :Temperature
15 Q : Humidite (quantité de vapeur d’eau)



Evolution of the Antarctic surface mass balance by high-resolution downscaling
and impact on sea-level change for the next centuries
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2.2 |Régionalisation des precipitations

Elevation de masses d’air a saturation au dessus d’un relief
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Evolution of the Antarctic surface mass balance by high-resolution downscaling
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2.2 |Régionalisation des precipitations

Modele

Elevation de masses d’air a saturation au dessus d’un relief

T < To (Refroidissement adiabatique)

16/07/12 T :Temperature
15 Q : Humidite (quantité de vapeur d’eau)



Evolution of the Antarctic surface mass balance by high-resolution downscaling
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Modele
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2.2 |Régionalisation des precipitations

Elevation de masses d’air a saturation au dessus d’un relief

T < To (Refroidissement adiabatique)

Qi = Qmax(Ti) < Qo

16/07/12 T :Temperature
15 Q : Humidite (quantité de vapeur d’eau)



Evolution of the Antarctic surface mass balance by high-resolution downscaling
~and impact on sea-level change for the next centuries
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2.2 |Régionalisation des precipitations

Elevation de masses d’air a saturation au dessus d’un relief
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Modale Evolution of the Antarctic surface mass balance by high-resolution downscaling

and impact on sea-level change for the next centuries

2.2 |Régionalisation des precipitations

Elevation de masses d’air a saturation au dessus d’un relief

T < To (Refroidissement adiabatique)

Qi1 = Qmax(T1) < Qo

*Z‘e = Précipitations orographiques
N A Intensité proportionnelle
! a la vitesse verticale du vent

16/07/12 T :Temperature
15 Q : Humidite (quantité de vapeur d’eau)



