Impact of ice sheet mask and resolution on estimating

the surface mass balance of the Greenland ice sheet
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Abstract

The impacts of the spatial resolution and the Greenland ice sheet (GrlS) mask on modeling the Surface Mass Balance (SMB) are studied with the regional climate model MAR coupled with a complex energy balance/snowpack model.
1. Too coarse resolution prevents the model from resolving adequately the steep ice sheet margin and the ablation zone, not wider than 100 km in Greenland, where substantial seasonal melting occurs. The resolution affects also the
precipitation modeling.

2. Atoo large ice sheet mask (i.e. with low-altitude ice pixels in the model, where there is no ice in reality) leads to an overestimation of the run-off. In addition, due to the albedo feedback, biases in the ice sheet mask have also
consequences on the surface energy balance.
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* Three simulations were made at a horizontal resolution of 25 km with the model
MAR to test the impact of the ice sheet mask on the SMB. The sensitivity
simulations start the 1% of May 1998 with the control run (CTRL=MAR-25km)
outputs as initial conditions and last at the end of summer 1998. The only
difference with the CTRL run is the snow height at the beginning of the 1998
summer.

* Three simulations were made at a horizontal resolution of 25 km, 30 km and 37 km with the
model MAR to test the impact of the resolution on the SMB. All simulations start the 1% of
September 1997 and last at the end of summer 1998. The setup is identical in the three
simulations and is described in Fettweis (2007). The ERA-40 reanalysis is used to initialize
and to force the model every 6 hours at its lateral boundaries.

Reference: Fettweis, X. (2007), Reconstruction of the 1979-2006 Greenland ice sheet surface mass

balance using the regional climate model MAR, The Cryosphere, 1, 21-40. Description of the ice sheet masks:

0. The ice sheet margin of the control run (CTRL) is drawn in black in Fig. 4a.
Around the GrlS, there is tundra with the 1997-1998 winter accumulated snow
pack at the beginning of summer 1998.

1. The mask1 is performed by removing the permanent ice pack in the ablation
zone of the control run as if it is tundra. Consequently, grass surfaces (instead
of ice pack) appear in this zone once all winter snow pack has melted away.

2. The mask2 is made by multiplying by 20 the 1997-1998 winter snow pack
height in the tundra for the MAR grid points higher than 500m a.s.l. which
gives snow pack heights higher than 5m!

3. For the maska3, it is the same than mask2 but for the grid points higher than
250m a.s.l.
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 The main impact of ice sheet mask changes is obviously the albedo when the
winter snow pack has completely melted and the ice pack or the grass appears.
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» Higher albedo decreases the solar energy captured by the surface and then the
temperature. In addition, the surface temperature of model grid points covered by
snow/ice is limited to 0°C.
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Fig 1 : The 1998 summer (1 of May to 30" Sept.) precipitation and meltwater 4al

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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representation with two spatial resolutions. the MAR model. Part of this meltwater is refrozen and does not reach the ocean. changes in the ice sheet mask.



	Slide 1

