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The 1958-2008 Greenland ice sheet surface mass balance

variability simulated by the regional climate model MAR

Abstract. Results made with the regional climate model MAR (Fettweis, 2007) over 1958-2008 show a very high interannual variability of the Greenland ice sheet (GrlS) surface mass balance (SMB) modeled in
average to be 330+125 km%yr. To a first approximation, the SMB variability is driven by the annual precipitation anomaly minus the meltwater run-off rate variability. Sensitivity experiments carried out by the MAR
model evaluate the impacts on the surface melt of (i) the summer SST around the Greenland, (ii) the snow pack temperature at the beginning of the spring, (iii) the winter snow accumulation, (iv) the solid and
liquid summer precipitations and (v) the summer atmospheric circulation. This last one, by forcing the summer air temperature above the ice sheet, explains mainly the surface melt anomalies.
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Figure 1. Top) Time series of the annual total ice sheet SMB, snowfall and run-off simulated by MAR. Units are km?¥yr. Bottom) Time series of the GrIS JJA 3m-temperature, cumulated Positive Degree Day (PDD)
simulated by MAR. The mean JJA 500hPa geopotential height simulated by ECMWF (re)analysis is also shown. The time series are centred and normalised (i.e. with standard deviation of 1). Finally, there is the 5-
yr running mean in dash. The GrlS gains mass at the surface from the beginning of the 1970's until the middle of the 1990's due to a conjunction of cold and wet years and losses mass in the dry and warm 1960's

and in the very warm 2000's summers.

(a) The Eq 1.a shows that the SMB variability simulated by MAR is mainly driven by the snowfall and
the run-off variability. The snow erosion by the wind is not taken into account here but according to
Box et al. (2008), its interannual variability is very low.

(b~c) The run-off variability is driven by the cumulated PDD variability which can be estimated by the
JJA-mean 3m-temperature according to Fettweis et al. (2008). However, in this estimation, changes
in the snow pack properties are not taken into account.
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(d) We tested the inclusion in Eq 1.c of the variability of:

* the SST around the GrIS

« the snowpack heigh at the end of the spring (low snowpack heigh exposes bare ice and old snow
sooner in the season which increases the melt)

« the snowpack temperature at the end of the spring (cold snowpack decreases the melt)

« the rainfall (high rainfall humidifies the snow and decreases the surface albedo)

but none of them affects the SMB estimation. We only improve the correlation between the simulated
and estimated GrlS SMB anomaly time series by splitting the snowfall as in Eq 1.d. Indeed, we
estimate then the impact on the melt of the summer snowfall (which temporary increases the surface
albedo as shown Fig 2).

(e) The Eq 1.e shows that it is better to estimate the melt with monthly 3m-temperature variabilities
rather than with the JJA-mean 3m-temperature interannual variability which can mask monthly
anomalies. Indeed, the melt intensity is not uniformly distributed over the melt season and intensive
snow melt can occur only during one of 3 months of the ablation season.

(f) Finally, the monthly 3m-temperature variability is fully explained by the mi-tropospheric circulation.
The 500hPa geopotential heigh gives also information about the precipitation. That is why it is not
needed here to split the snowfall as in Eq 1.d.

As conclusion, the SMB variability simulated by the model MAR coupled with a complex
energy balance snow model can be reliably approximated by the snowfall variability over the
GriS and by the monthly summer 500hPa geopotential heights induced by the large scale
forcing. And then, outputs from global model (e.g. The reanalyses) could be used as proxy of
the SMB variability.
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Figure 2. Sensitivity in the MAR model of the a) summer mean 3m-temperature, b) summer mean albedo and c) total meltwater
production for a summer snowfall change in the snow model of -50% (SF05) and of +50% (SF15) during the summer 2007
where a record melt was observed (Tedesco et al., 2008). These sensitivity experiments show that higher snowfall during the
melt season increases the albedo and consequently decreases the surface melt. The impact of the SF05 (resp. SF15)
experiment on the 2007 run-off from the control run (CTRL) is an increase of 9% (resp. a decrease of 7%).



