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Why ORCHIDEE-ICE ?

* |Ice-covered surface poorly represented in
ORCHIDEE : 1 snow layer, constant density, no
water percolation or refreezing

* Coupling with ice-sheet in next version of IPSL
ESM

* Need to update ORCHIDEE snow model over ice
sheets in order to provide a surface mass balance
to the ice sheet model



Explicit-Snow standard version

Atmosphere / Snow interface : Surface energy balance @

Processes represented in snow : Jjessie
SwW, Lw, H LE {77

- snow settling l l I T

* snow compaction

* snow aging

* snow melting

» water percolation and refreezing

=> density and albedo changes




Explicit-Snow in ORCHIDEE-ICE

Atmosphere / Snow interface : Surface energy balance

Processes represented in snow :
* snow settling

* snow compaction

* snow aging

* snow melting

* water percolation and refreezing 8 layers

=> density and albedo changes ice module

Ice module on ice sheet areas allows the computation of heat
exchange between snow and ice, and ice melt :
* temperature

* melt

* no refreezing in ice
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OR-ICE on Greenlana

» Simulation forced by MAR ERA-Interim simulation

* Forcing : RCM MAR : LW, SW, Qair, Rainf, Snowf,
Wind

* Simulations performed over 1995 - 2019 period

* |nitialisation of ice temperature : 25 years spin-up
simulation

* Charbit et al in prep



Fvaluation on Greenland : albedo

Summer Albedo differences 2000-2017

STD-12L vs MODIS : STD-3L & STD-12L
F standard CMIP-6: albedo
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Fvaluation on Greenland : sublimation

Sublimation 2000-2019 (m/yr)

STD-3L STD-12L
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Evelbonel ol feen ane - imein

Runoff 2000-2019 (m/yr)

_ SsTD3L__ _sDaaL * MAR : runoff in peripheral

0 LA 0 LA > areas, particularly on
3.00 3.00 3.00 western Edge
w8 | P (& i * OR-ICE : runoff limited in a
20 | G0 J7 (Fow |G S | frea very narrow band
o o[ N gjgg > g;g; - 121 favors inland
315 G Pzt > opraL expansion of the ablation
oy e By e areas
o 1) . * Runoff integrated 60 %
S o and 45 % lower compared
to MAR with STD albedo

238 Gt/yr 336 Gt/yr



Fvaluation on Greenland : SMB

SMB differences 2000-2019 (m/yr)

MAR STD-3L vs MAR
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Fvaluation on Greenland : time series

Temporal evolution of the SMB between 2000-2019

Surface Mass Balance integrated

« STD-3L : SMB too high and
lower annual variability

« OPT-12L : integreted SMB and
variability in the same range as
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MAR 188
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Antarctic ice sheet : Albedo

Albedo

Alb opt Ant

Alb opt Greenland
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Same type of simulation on Antarctic ice-
sheet : MARv3.12 forcing

Albedo too high with standard param

albedo very low on the Antarctic plateau
and ice-shelves with OPT-12L from
Greenland

Parameter adjustment to recover values
close to MAR



Antarctic : Albedo and Ts

Albedo




SR S L

Surface Mass Balance — precip Snow

Alb opt Greenland Alb std Alb opt Ant MAR
2428Gt/yr | ' 2831 Gtlyr [ 2629 Gtlyr 1.50
. : .v 25 . / ."". T . '. \w"".‘i
£ ! L RS kS 0.50
) ky - - 0.01
w2 ‘ 2y
ii ' | - 0.00 %’
My : £
4 -’ - -0.01
*» ’ l ~0.10
s / ~0.50
~1.50
Alb opt Greenland MAR
188 Gtiyr | |
/ g 0.40
! 4 0.20
F005
000 £
£
- —0.02
-0.04
-0.06




BRI

Location of temperature data points

Temperature at 10m : model vs data

Temperature at 10m in ORCHIDEE (°C)
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Conclusion and perspectives

 ORCHIDEE-ICE in the trunk : flag OK_ICE_SHEET and specific
albedo parameters for ice covered surface

* Better runoff with 12 layers snow model

* Good agreement between the SMB computed in ORCHIDEE-ICE
and MAR with updated albedo parameters

* Next step : evaluation of snow density and temperature

 Data assimilation on albedo over Greenland and Antarctic ice
sheet (Raoult et al 2022)

* Philippe Conesa PhD (S. Charbit & C. Agosta): Improving snow
representation to better simulate ice sheet mass balance in the
IPSL climate model



Albedo Chalita Le Treut Trunk

albedo surface.f90

snowa_veg(ipts,ivm, ks) = ; tot_bare_soil notree(ipts)’/ b are so | I a I b e d 0O d e p en d S On tot_b a re_so | |_n Otree

owa_dec_tmp(1,ks) *

L 1855 : Test for loop output if a PFT is not present : veget _max(ipts,ivm) == zero

=> |n presence of snow, bare soil albedo may not be calculated whereas tot_bare_soil notree GT 0.

((1vm ibare_sechiba veget_max(ipts,ivm) == zero)
' ' tot_bare_soil notree(ipts) == zero))

L 683

) * (alb_bare(ipts, ks)*




Albedo Chalita Le Treut Trunk

Albedo Trunk in winter

FG2-CLM3
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Albedo Chalita Le Treut Trunk

Albedo Trunk in winter : bug in bare soil albedo bug-fixed version
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Comparison 3 vs 12 layers : snow mass

Snow mass decreases faster in spring with 12 layers

snow mass (12 - 3 layers)
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Comparison 3 vs 12 layers : frac_snow

Snow fraction is very similar except during the spring melting season

frac_snow 12 - 3 layers
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Comparison 3 vs 12 layers : frac_snow

Snow fraction is very similar except during the spring melting season

frac_snow 12 - 3 layers
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Comparison 3 vs 12 layers : frac_snow

Snow fraction is very similar except during the spring melting season

frac snow 12 - 3 layers
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Albedo Chalita Le Treut Trunk

6 % Tree fraction 66 % Tree fraction
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