simulation of the Antarctic Ice Sheet over long time scales, and includes the Schoof

grounding line treatment and other features that are needed for careful simulation of the |

marine West Antarctic Ice Sheet. In contrast to the Antarctic Ice Sheet, which is in contact A . One-step model: annual cycle with

with the ocean essentially everywhere around its margin, the Greenland Ice Sheet's - - One-step model: annual cycle with explicit solid snow and embedded liquid
- behavior is largely controlled by its surface mass balance (the sum of mass addition from ‘ . explicit snow and ice, based on amounts in pore space. Runoff escapes

snowfall and mass loss from melting and sublimation). Here, we propose to test different \ refreezing fraction. Similar to Robinson from snowpack only when the snowpack

melt calculation schemes for possible inclusion in the Penn State 3D model. The best of 4 | B : et al. (2010). is saturated with embedded liquid (no

these melt calculation schemes will be added to the model to improve its ability to . N air), and further melting occurs.

simulate the behavior of the Greenland Ice Sheet.
PDD scheme Insolation scheme

Positive degree-day scheme.
Based on an empirical formulation
that relates snow and ice melt
rates (through degree-day factors) At

M= Ta(l—0s) S+c+AT
to the sum of the excess of ° pWLm[a( s) ]

temperatures above 0-C. —
——
Melt rate

Insolation

Other parameters | s -

Background. The Penn State 3D ice sheet model is a computationally efficient ice sheet RACMO July temperatu res, °C RACMO annual precipitaﬁon m/year
model with "hybrid" ice sheet dynamics. It was originally developed by David Pollard for , M Od el 2

* Physically based .
 Albedo and elevation effects

' .
)

¥

snow density — 0.46+0.00006 >f
Snow albedo Ta =0.40+0. Ls ’;

Time step (1 hour or 5 days)
Coefficient c for longwave

radiation :
. 1 hour time step allows the
Refreezing of embedded model to catch diurnal variations
0 C A0 both in temperature and July albedo (van de Berg, 2009)
liquid in model 2 - lation.

:I’

/R

Methods. Each melt model accepts climatological input variables (particularly air
temperatures at 2 m above the ice sheet surface, precipitation, and, in some models,

ey i3 insolation) and produces an estimate of melting. However, these models include
: _..: Runoff from models, m/year , tunable parameters whose "correct"” values are not known a priori (for example, the
positive degree-day coefficients for ice and snow).
Model 1, insolation scheme Model 1, PDD scheme : :
- To determine the optimal values for each melt

scheme, we use output from the RACMO?2
regional climate model (Ettema et al., 20103, b).
This output is available as netCDF files at http://
www.staff.science.uu.nl/~broek112/Data/.
Relevant output variables include temperature
at 2 m above the ice sheet surface, snowfall and
runoff (Figure 1). We systematically adjust the
parameters of each melt model to minimize the
root mean squared error between the modeled
and RACMO2-estimated melt values in each ice-
covered grid cell.

Conclusions.

For the parameter combinations we investigated,

 Model 2 by David Pollard represents the total runoff
better than Robinson’s. Robinson’s model
underestimates the runoff.

Model 2, insolation scheme, 5 days cycle Model 2, PDD scheme, 1 hour cycle Model 2, PDD scheme, 5 days cycle Insolation scheme works better than positive

degree- day scheme.

1 hour time step doesn’t improve the estimate of
melt, and it is computationally expensive, so there is
no need to include it to the Penn State 3D model.
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