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Greenland	Ice	Sheet	

The	GIS	is	over	
3.2	km	deep	at	
Summit	Sta%on	

Observed	and	
simulated	increases	in	
melt	extent	impacts	
fresh	water	input	to	
regional	seas	and	has	
implica%ons	for	global	
sea	level	rise.		
	
	
	
For	surface	
temperatures	close	to	
0°C	a	small	change	in	
the	surface	energy	
budget	can	have	
substan%al	
implica%ons	for	the	
melt	extent	of	the	GIS.			
	

used here showed a slightly greater total area underwent melt
in 2002, it also showed that 2007 and 2010 had more
frequent melt and longer melt seasons than 2002. For 2010,
simulated surface melting occurred at elevations as high as
3000ma.s.l., whereas for 1972 surface melting occurred
only up to 2400ma.s.l. Simulatedmelt extent was distributed
largely as expected, with no melting at higher elevations in
the interior of the GrIS (Fig. 2a), while marginal regions had
surface melt 76–100% of the time during the summer (May to
September), with melting most pronounced in southwest
Greenland (Fig. 2b).

In Figure 2a, the maximum simulated 2010 melt extent is
compared with satellite-derived melt extent. The simulated
boundary between melting and melt-free areas is highly
consistent with the satellite-derived boundary, with an

average discrepancy of 40!35 km. The discrepancy was
larger (up to "160 km) in the northeast and northwest and in
the southern part of the interior. Differences between
satellite-derived and simulated results were most pro-
nounced where the distance between meteorological
stations was largest. However, the general correspondence
between simulations and observations supports the use of
SnowModel for analyzing melting conditions before the
satellite era (1960–79) when reliable atmospheric forcing
data are available.

The difference between the 2010 melt duration and the
1960–2010 mean is illustrated in Figure 2c. The melt
duration in 2010 was 41–60days longer than the 1960–
2010 average, with the largest differences occurring at the
southwestern and western margins of the ice sheet at
elevations up to "2000ma.s.l. According to meteorological
observations and US National Centers for Environmental
Prediction/US National Center for Atmospheric Research
(NCEP/NCAR) reanalysis data, this melting was consistent
with anomalous warm airflow from the south during spring
and summer, and record high winter air temperature leading
to warm pre-melt conditions (Box and others, http://
www.arctic.noaa.gov/reportcard/greenland.html), along
with somewhat lower-than-average winter precipitation.
Low winter snowfall led to earlier exposure of glacier ice
and of the previous year’s summer snow surface; these
surfaces have a lower albedo than fresh snow, promoting
greater solar absorption and increased melting (Oke, 1987;
Douville and others, 1995). For example, at Nuuk (64.28N
along Greenland’s west coast) the 2009/10 winter, spring
and summer were the warmest since record-keeping began
in 1873. Similarly, Aasiaat (69.08N along Greenland’s west
coast) had its warmest year since record-keeping began in
1951 (Box and others, http://www.arctic.noaa.gov/report-
card/greenland.html), and Greenland’s winter precipitation
in 2009/10 was "35% below the 1960–2010 average.

Melt durations in low-elevation areas along the southeast
and east margins were up to 30 and 20days longer than
average, respectively. Along the northeastern portion of the
ice-sheet margin, where winter temperatures were lower
than average, the 2010 melt duration was up to 20 days less
than the long-term average, probably due to regional
variability in the atmospheric circulation and a late start to
the melt season because of a greater cold content of the
snowpack. As a whole, the 2010 GrIS melt duration was
14!16 days longer than the 1960–2010 average, with a
longer than average melt season on 89% of the GrIS.
Because our model simulations were performed at relatively
high resolution, the spatial heterogeneity in duration was
greater than that of coarser-resolution satellite observations
as described, for example, by Mote (2007 and updated) and
Box and others (http://www.arctic.noaa.gov/reportcard/
greenland.html). Overall, however, the simulated melt
duration was consistent with the pattern identified by Box
and others (http://www.arctic.noaa.gov/reportcard/green-
land.html, fig. GL3) for 1979–2010 (Fig. 2c).

For 1960–2010, time series of simulated maximum melt
extent showed interannual variability superimposed on a
period from 1960 to 1972 that can be approximated by a
linear decreasing trend (p < 0.10, where p is level of
significance) of 7% ("1.2#105 km2) of the total area of the
GrIS (Fig. 3a). After 1972, the maximum melt extent
increased significantly (p<0.01) by 22% ("3.7#105 km2)
of the GrIS area, consistent overall with the increase in GrIS

Fig. 2. (a) Maximum simulated GrIS surface melt extent for 1972
(the year with minimum melt extent within the time series 1960–
2010) and 2010 (the year with maximum melt extent). The satellite-
derived boundary between melting and melt-free areas is shown for
2010 (bold black curve). (b) Simulated 2010 melt frequency in
percentage of total melt days. (c) The difference between 2010
simulated melt duration and the 1960–2010 mean, in days.

Mernild and others: Greenland ice sheet surface melt624

Mernild	et.	al.	2011,	J.	Glac	

hDp://www.nasa.gov/
topics/earth/features/
greenland-melt.html	
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ICECAPS	
Atmospheric	State	and	Cloud	Proper%es	

Shupe	
et.	al.	
2013,	
BAMS	



SEB	=		SWdown	-	SWup	+	LWdown	-	LWup		
	 	+	Hsensible			+	Hlatent	+	Gconduc%ve		

	

All	components	available	for	1	year		
	July	2013	–	June	2014		

•  	Broadband	Radia%on	-	Swiss	Federal	Ins%tute	(ETH)	
•  	Sensible	heat	Flux	-	Bulk	Aerodynamic	method	

(Persson	et.	al.	2002,	JGR)	

•  	Latent	Heat	Flux	-	Gradient	2-level	method	

•  Conduc%ve	Heat	Flux	-	Thermistor	String	

Define	a	posi%ve	flux	as	warming	the	surface	
	
	

	



Percentage	of	
all	available		
30	min	data			
for	a	given	
month	

July 2013 to June 2014
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Diurnal	Cycle	

Solar	Eleva%on	Angle	





How	do	clouds	effect	the	SEB?	

Primarily	through	influencing	the	downwelling	radia%on.		
	

	Cloud	radia%ve	forcing	(CRF)	is	an	es%ma%on	of	a	
cloud’s	impact	on	the	radia%ve	flux	at	the	surface.		

CRF	=	Fluxall-sky,	measured	–	Fluxclear-sky,	modeled	

	
Best	es%mate	atmospheric	profiles		
	 	 	 		Rapid	Radia%ve	Transfer	Model	(RRTM)	
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•  Clouds	act	to	radia%vely	warm	the	surface	throughout	the	year		
-	due	to	high	surface	albedo	throughout	the	year	

January	2011	–	October	2013				(Miller	et.	al.	2015,	J.	Climate)	
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•  Clouds	are	common	at	Summit.	The	annual	average	cloud	frac%on	is	86%.	
-		Ice-clouds	are	important	to	CRF	

•  LW	CRF	magnitude	corresponds	to	the	presence	of	liquid-bearing	clouds	







Response	to	Radia%ve	Warming	

For	a	10	Wm2		
increase	in	
net	radia%on		
	
	
	
~	3	Wm2	
decrease	in	
Sensible	Heat	
Flux	



Summary	
•  Clouds	act	to	warm	the	surface	of	central	Greenland	
– Presence	of	liquid-bearing	clouds	control	the	
magnitude	

•  An	increase	in	Net	Radia%on	leads	to:	
– Cooling	response	of	the	sensible	heat	flux		
–  	Cooling	response	of	the	conduc%ve	heat	flux	

•  A	net	posi%ve	total	cloud	forcing	warms	the	surface,	
propaga%ng	heat	into	the	Greenland	Ice	Sheet	
–  	or	this	energy	contributes	to	mel%ng	snow/ice	
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excellent	support	of	the	field	experiments	at	Summit	Sta%on.		



Response	to	Radia%ve	Warming	

For	a	10	Wm2		
increase	in	
net	radia%on		
	
	
	
~	3	Wm2	
decrease	in	
Sensible	Heat	
Flux	





The	physical	depth	of	
ice	clouds	influences	
the	magnitude	of	CRF	
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Liquid-bearing	clouds	change	
	the	boundary-layer		structure		
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Surface-based	inversion	
(SBI)	intensity	decreases	
in	the	presence	of	liquid-
bearing	clouds		
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