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Record surface melting from the Green-
land ice sheet (GrIS) occurred in 2007, 
according to observations [Mote, 2007; 
Tedesco, 2007]. The surface melting and 
freshwater runoff contribution are of con-
siderable importance to, for example, the 
global eustatic sea level rise and the ocean 
salinity. 

Remote locations and harsh climatic 
conditions are commonly cited as reasons 
for the lack of knowledge about the snow 
and ice contained within Greenland. Mod-
eling studies incorporating available data 
sets are valuable resources in illuminating 
GrIS melting and runoff changes. Snow-
Model [Liston and Elder, 2006a, 2006b], a 
snow evolution modeling system simulating 
snow-  related physical processes, was used 
to model the GrIS surface water balance, 
including spatial variations in snow accu-
mulation and redistribution, snowmelt and 
ice melt, and water balance components 
such as runoff (see equation below for fur-
ther information), on the GrIS for 1995–
2007. If snow temperature is below freezing, 
any percolating or liquid water refreezes 
and is stored in the snow (in the “pores”) 
as internal accumulation. This provides a 
method to account for heat and mass trans-
fer processes, such as snowpack ripening, 
during spring melt. 

SnowModel routines are described 
and validated by Liston and Elder [2006a, 
2006b] and Mernild et al. [2006, 2007, 
2008a, 2008b]. SnowModel was driven with 
daily meteorological data from 25 stations 
(World Meteoro logical Organization sta-
tions from the coastal area and Greenland 
Climate Network stations from the GrIS) 
and with time- invariant topography and 
land cover data with a 5- kilometer grid- cell 
increment.

Melt Extent and Runoff Simulations

To assess model melt extent per-
formance, melt areas were compared 
against daily concurrent passive micro-
wave satellite- derived melt observations, 
which integrate melting ice and wet snow 
areas over an entire melt season based on 
25- kilometer grid- cell increment. The cri-
terion for melt was 1% mean liquid water 
content by volume in the top meter of snow 
[Abdalati and Steffen, 1997]. Observed 
and simulated average and standard devi-
ated GrIS melt discrepancy between melt 
and nonmelt boundaries is 32±24 kilome-
ters; however, the discrepancy can be up to 
160 kilometers (Figure 1a) in north eastern 
Greenland where the distance between 
meteorological stations is great.

Modeled melt extent varied from 29% 
( 5.29 × 105 square kilo meters) in 1996 
to 51% (9.15 × 105 square kilo meters) in 
2007, and it occurred at elevations as high 
as 2550 (1996) and 2980 (2007) meters 
above sea level (Figure 1a). The 2007 melt 
extent was 20% greater than the 1995–2006 
average of 7.52 × 105 square kilometers. 

On average, the melt area increased 
approxi mately 8% from 1995 to 2007, or 
11,500 square kilo meters per year. This 
trend is smaller than the average increase 
of 17,600 square kilo meters per year (1973–
2007) and 40,000 square kilo meters per 
year (1992–2005) found by Mote [2007] 
and Tedesco [2007], respectively, based on 
25- kilometer microwave satellite grid- cell 
increments. Together, these sources indi-
cate a trend of increasing melt extent.

Throughout the year, different surface 
processes are useful indicators of climate, 
but they also play a role in the GrIS water 
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Fig. 1. (a) Satellite- derived observed and SnowModel- simulated surface melt extent for the Green-
land ice sheet (GrIS) for 1996 and 2007. On the simulated maps, 500-  meter contour intervals 
and meteorological stations are included. (b) Temporal trend in percentage of simulated GrIS 
melt extent (1995–2007).
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balance. The yearly water balance can be 
described by 

P – (E + SU) – R ± ΔS = 0 ± η, 

where P is the precipitation from snow and 
rain (and possible condensation), E is evap-
oration, SU is sublimation, R is runoff, ΔS is 
change in storage (also referred to as sur-
face mass balance), and η is the water bal-
ance discrepancy.

Considered over the entire GrIS, the 
SnowModel simulated runoff had an aver-
age 1995–2007 value of 397±62 cubic kilo-
meters per year, varying from 277 cubic 
kilo meters per year in 1996 to 523 cubic 
kilo meters per year in 2007 (Figure 2). 
The 2007 runoff set a new record, which 
is 35% greater than the 1995–2006 aver-
age of 389±57 cubic kilo meters per year. 
In the present 13- year SnowModel simula-
tion series, 2007, 1998, and 2003 have the 
first-, second-, and third- highest runoffs, 
respectively. Hanna et al. [2008] found 
that 2007 had the second- highest mod-
eled runoff of the past 50 years, after 1998. 
The simulated average runoff is signifi-
cant in comparison with previous stud-
ies: 9 cubic kilo meters per year (2%) lower 
than Box et al.’s [2006] modeled runoff of 
396±61 cubic kilo meters per year for 1995–
2004 ( R2 = 0.89, p < 0.01, RMSE = 3, where 
R2 is the explained variance based on lin-
ear regression, p is level of significance, 
and RMSE is root- mean- square error), and 
49 cubic kilometers per year (14%) higher 
than Hanna et al.’s [2008] modeled run-
off of 346±69 cubic kilo meters per year for 
1995–2006 (R2 = 0.90, p < 0.01, RMSE = 12) 
(Figure 2). From 1995 through 2007, over-
all GrIS surface melt extent and runoff 
increased, leading to a 2007 record melt 
extent and runoff. For 2008, the melt trend 
seems to continue, showing extreme snow-
melt observations over the northern part 
of the GrIS [Tedesco et al., 2008].
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Fig. 2. Variation in SnowModel- simulated runoff from the GrIS, compared with modeled runoff 
from Box et al. [2006] and Hanna et al. [2008].


