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Background

IPCC 2001 : None of the GCM model includes
(Greenland, Antarctic and
mountain glaciers)

. collapse of AMOC for a freshwater input
of (Rahmstorf, 1995)

Fichefet et al. (2003) : using Greenland Ice-sheet
model coupled to a

melting of Greenland could be an
to global warming



Aim of this work

land ice and snow melting and
freshwater return to the ocean, in order to
consider the climatic impact of land-ice
(glacier) melting in scenario simulation

Analyze
due to the additional
freshwater input by land-ice melting on a



Tool: IPSL-CM4 coupled GCM
Paris, France

IPSL-CM4: - Ocean ORCAZ2: 2°%(0.5-2°) resolution
- Sea-ice LIM: dynamic-thermodynamic
- Atmophere LMDz: 3.75° resolution

- Land model ORCHIDEE with a correct river routing scheme

Closure of the water budget | |° The land-snow melted can go
back to the ocean through runoff

* A crude parametrization of
.\ | iceberg dynamics is implemented

 The land-ice could also melt in
order to simulate

Different reaqions for the calvina



Experimental design (1/2)

Two versions of
the IPSL-CM4
model:

Land Ocean



Experimental design (1/2)

Two versions of
the IPSL-CM4
model:

2) Without Glacier

Land Ocean




Experimental design (2/2)

CMIP2 like scenario:
The atmospheric CO2 CO2 concentration
concentration IS increased |
0)Y, , Which is an

scenario

We focus on the
of
, up to 4*CO2

CTL : « Control » pre-industrial simulation




AMOC response

AMOC index

With
Glacier melting
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-With: Freshwater input by glacier melting

AMOC response

and Additional [ [W
Freshwater input | |

| V ' ]
AMOC index —0.100 20 40 80 80 100 120 140
12.0 - A s * About 0.1Sv at
12 W /M il 2*CO2 and 0.2Sv at

T b MY

. 80 W 20% of Greenland
S melted in the 140

6.0 years of experiments
-Glacier melting
. <2*co|2> . RN © « Worst case »

4.0

melting scenario

(Gregory , 2004)



Difference in Surface temperature
between scenarios at 4*CO2: Effect of
less AMOC weakening
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Difference in Surface temperature
between scenarios at 4*C0O2: Effect of

less AMOC weakening
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Difference in Surface temperature
between scenarios at 4*CO2: Effect of
less AMOC weakening
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Additional warming:
Two possible ocean
processes

Local freshening of the
Arctic

=> |ocal sea-ice
Interaction

Difference in AMOC
=> Less northward
heat transport




Additional warming:
Two possible ocean
processes

Local freshening of the
Arctic

=> |ocal sea-ice
Interaction

Difference in AMOC
=> Less northward
heat transport
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Average on the Arctic of:

Additional warming:
Two possible ocean :
prOCESSGS gFrleshwalterlForlcinlg |
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Local freshening of the $ 200 \J\
Arctic 27 Mixed Layer Depth i

=> |ocal sea-ice 6.0
Interaction ]

Difference in AMOC
=> Less northward
heat transport
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Average on the Arctic of:

Additional warming:
Two possible ocean :
prOCESSGS gFreshwater Forcing
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Difference in AMOC
=> More northward heat
transport

As difference in heat transport:
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Conclusions

leads to important AMOC
weakening in the IPSL-CM4, and thus needs to
be taken into account in coupled model

AMOC changes appear after 60 years of
glaciers melting integration, and then

climate feedback trough sea-ice
cover

Coupling with a full ice sheet model to validate
our land-ice parameterization (in progress)
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