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1. Introduction : The Surface Mass Balance (1/2)

)

lea shaat Mass Balance = Accumulation — Ablation

Accumulation process

+ snowfall (solid precipitation) srowosyrime
- evaporation/sublimation l _

melting level (warm season)

Ablation process

- iceberg calving

- basal melting

- flux of drifting snow
= runoff

ce meltrunoff

calving

Runoff = liquid water production — meltwater retention
(meltwater and rainfall)

Ice shelves not included




1. Introduction : The Surface Mass Balance (2/2)

Surfaca Vass Balanca = Accumulation — Runoff of meltwater

Equiliorium line  Accumulation (snowfall) Accumulation in winter
(BB 0) (SMB > 0) Melt in summer
(SMB < 0)

lcebery

cischarge ﬁ @
and basal

melting E /\"\\
Accumulation
o o Accumuiation o
Ablation Ablation
2 = one Ice sheet zone m

Bedrock

Runoff of
meltwater

Ice dynamic and drifting snow not included in the SMB




2. The MAR model : a regional climate model (1/5)

Regional Climate Model (RCM)

+ Specific integration domain

+ High spatial resolution

+ Enhanced physical parametrisation

- Forcing fields required

Global Circulation Regional Climate
Model Model

Forcing fields coming from :

- Global circulation model
- Observations
- Lower-resolution RCM

— RCM simulations depend on the
reliability of the forcing fields




2. The MAR model : a regional climate model (2/5)

MAR (Modeéle Atmosphérique Régional)

Implemented by Hubert Gallée (LGGE, Grenoble)

— (non-)hydrostatic primitive equation model
— vertical coordinate is the normalized pressure sigma

Domain: 80 x 140 grid points
(2000 x 3500 km)
Resolution: 25 km .
Time step: 150 s
1st atm. level: 3m 700 hPa |

Vertical levels:
Atmosphere (MAR) 30 levels T

Snow (SISVAT) 20 levels i
Tundra (SISVAT) 7 levels

ForCing: 1000 hPa |
Lateral boundaries Reanalysis 6-h
SSTs Reanalysis 6-h

Sea ice Reanalysis 6-h

The COMET Program




2. The MAR model : a regional climate model (3/5)

Radiative scheme
from ECMWEF (Morcrette)

Hydrostatic or not-hydrostatic

\ atmosphere (3-D)
(MAR model)
ERA-INTERIM

meso-scale radiation
reanalysis I:> dynamics

biosphere & soil  snow & sea ice

S

Convective scheme
from Bechtold

SISVAT: Soil lce Snow Vegetation Atmosphere Transfer




2. The MAR model : a regional climate model (4/5)

MAR

solar & infrared radiative fluxes

Two - way Nesting turbulent momentum fluxes

sensible & latent heat fluxes

: 2 : temperature
displacement height - 2 : :
loughness lengtn - SOil-vegetation | snow-ice density
root fraction module module o e
min. stomatal resistance SISVAT gralg Sies
global plant resistance elr: ricity
canopy spatial distrib. 12 T sphericity
canopy temporal evol. plant UAYE : ggels
e NS 20 snow-ice Ice lens
yp alll | layers
1 veg. layer S snow & ice

saturated water content
water potential at sat.
hydraulic conductivity at sat.
exponent of the water

5 p retention curve

Ocean and sea-ice concentration

from ECMWF reanalysis




2. The MAR model : a regional climate model (5/5)

Atmosphere (3-D)
MAR model (25 km)

Two-Way
Nesting

Forcing fields Surface processes
ERA-INTERIM reanalysis SISVAT module

6=hourly

Albedo feedback




3. Impact of the resolution on the SMB modelling (1/7)

ablation zone
<100 km

e

W

B

= 2000 km




3. Impact of the resolution on the SMB modelling (2/7)

lce sheet

Highly rugged topography
in the coastal areas

Glacier

Heavy precipitation

Inputs in the surface mass
balance equation




Meltwater (nmWE) from Sept 1=t to Sept 15" 1997
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Mean near-surface temperature (°C) from Sept 1° to Sept 15*" 1997
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Snowfall (mmWE) from Sept 1< to Sept 15" 1997
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3. Impact of the resolution on the SMB modelling (7/7)

Ice sheet model

RCM outputs are used as forcing
fields in ice sheet models for very
high resolution simulations

A

><

v

Very high resolution simulations
require significant additional
computing time for the RCM

Additional
computing time

Can interpolated RCM outputs be used
as very high resolution forcing fields 7

T T, T T T Y




4. Interpolation of the MAR model outputs (1/4)

First test : Inverse Distance Weighted (IDW) interpolation

. o Via(d, M) V, (¢, L)
Basic equation ™ 7]
Z L
e with W, (x)= ; i
Z w d(x,x,) e
k=0 K " .
P
[',.;:-1?5‘-. .;\.1) [’..( '?ﬁa. }u)

Very high resolution
— highly detailed topography

— new Greenland ice sheet mask




4. Interpolation of the MAR model outputs (2/4)

IDW interpolation of the 25km-resolution rainfall onto the 15km MAR grid
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From Sept 16" to Sept 30t 2008
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a) Rainfall (mmWE) outputs from
simulation at 15km resolution

b) 25km rainfall (mmWE) outputs
interpolated onto the 15km grid

c) Anomalies (mmWE) between
interpolated and simulated rainfall




4. Interpolation of the MAR model outputs (3/4)

IDW interpolation of the 25km-resolution snowfall onto the 15km MAR grid
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simulation at 15km resolution
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b) 25km snowfall (mmWE) outputs
interpolated onto the 15km grid

c) Anomalies (mmWE) between
interpolated and simulated snowfall




4. Interpolation of the MAR model outputs (4/4)

IDW interpolation of the 25km-resolution runoff onto the 15km MAR grid
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a) Runoff (mmWE) outputs from
simulation at 15km resolution
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b) 25km runoff (nmWE) outputs
interpolated onto the 15km grid
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c) Anomalies (mmWE) between
interpolated and simulated runoff

— Feedbacks on the runoff ???




5. Conclusion (1/2)

According to the IPCC projections over the 21t century,
the Greenland ice sheet should continue to lose mass

Therefore ice sheet models running at
very high resolution and forced by
reliable outputs from RCM are needed

%

EQ. LN ouLINS 7

IAN s/~ cREVASSES

Acceleration of the glacier discharge
because the meltwater lubricates the
ice sheet/bedrock interface




5. Conclusion (2/2)

Influences on the global sea-level and the thermohaline circulation

Deep water formation

Deep water format|on

‘ Pacific
S rf ‘ Ocean
urface e
current / T~

Deep current

Pacific \

S Atlantic ' j
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‘ Deep water formation

Practical salinity unit
31 34 36 39
— | =

(1 psu = 1 gram of salt per kilogram of water)
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