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Dear Editor and Reviewers

We have revised the manuscript ‘Simulating the roles of crevasse routing of surface wa-
ter and basal friction on the surge evolution of Basin 3, Austfonna ice-cap’ in response
to the reviews. This includes more description of the models, clarifying the method-
ology of crevasses map generating from the satellite image and modeled crevasses
distribution validation, a few modifications in the discussion section as well as the sug-
gested modification for the figures (attached).
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A point by point response to both reviewers is attached as a pdf file. We respond to
the specific referee points (in bold) below. Our replies are in normal black font, original
manuscript quotes are in italic, and new text in the manuscript is in blue.

Thank you for your consideration. Yongmei Gong, Thomas Zwinger, Jan Åström, Bas
Altena, Thomas Schellenberger, Rupert Gladstone, John C. Moore

Please also note the supplement to this comment:
https://www.the-cryosphere-discuss.net/tc-2017-180/tc-2017-180-AC1-
supplement.pdf
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Figure 1. Surface and bedrock topography of Basin 3, Austfonna. (a) Surface elevation of Basin
3 contours with solid black lines (with ~48.2 m interval), on top of a satellite image of
Nordaustlandet from TerraColor® Global Satellite Imagery (http://www.terracolor.net/). The
gray transparent box shows the coverage of the TerraSAR-X scene (30 April 2012). The model
domain of HiDEM is outlined with red box. The insert at the upper left corner shows the ice cap's
location within the Svalbard archipelago; (b) Bedrock topography is color-coded, contoured with
black solid line with a ~37.1 m interval and superimposed by surface elevation contours (white
solid line with ~ 48.2 m interval). The gray solid line outlines Basin 3 and the model domain of
Elmer/Ice in both panels.
‘SV’ marks the subglacial valley that runs between two bedrock maxima in the northeast and
southwest and extends several tens of kilometers upstream and downstream. ‘OD’ marks the
minimum bedrock height for Basin 3 and is within an over-deepening in the lower part of the
valley. ‘NF’ marks the downstream area of the northern flow unit of the glacier, which runs from
the upstream of the valley and exits from the northern terminus. The alignment of these labels
roughly indicates the flow direction. Similarly, ‘SF’ marks the downstream area of the southern
flow unit.
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Figure 2. Basal friction coefficient inverted from surface velocity data in (a) 18-29
August 2012 (Cpre) and (b) 16-27 August 2013 (Cpost). Both panels display basal
friction coefficient shown onto the left, surface velocity data after post-processing
(Sect. 2.2) shown on the upper right and the relative difference between observed and
modeled surface velocity magnitude shown on the lower right.
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Figure 4. The evolution of basal friction coefficient (C), with the corresponding observed
speeds plotted below, shown for the model domain of HiDEM. (a) log10(C), overlain with
white contour lines showing log10(C) = -3.5 (low friction), from the time before the peak of
the surge. (b) log10(C), overlain with black contour lines showing log10(C)= -5.5 (almost
vanishing friction), from the time period at and after the peak of the surge. The speed in 2011
was acquired from ERS-2 SAR imagery (color bar on the left). The rest of the speeds snapshot
were from TSX SAR (color bar on the right). The grey solid line outlines the Basin 3 boundary.

(b)
08.01-
30.01.2013

06.04-
17.04.2013

16.08-
27.08.2013

08.02-
19.02.2014

MPa a m-1

MPa a m-1(a)
2011 30.04-

11.05.2012
18.08-
29.08.2012

25.11-
06.12.2012

m a-1
m a-1

m a-1

Fig. 3.

C5

23

Figure 5. Crevasse distribution from HiDEM on (a) August 2012 and (b) August 2013 and (c)
satellite observation. The color of the underlying image in (a) and (b) shows the surface
elevation of the glacier. Bedrock topography contours are shown in black with a ~23.7 m
interval. All the dots in both (a) and (b), regardless of the color, indicate the modeled crevasse
distribution from HiDEM. The red dots are the cut-through crevasses. The red dots in the
yellow boxes in (a) are the ones referred as cut-through crevasses above the sub-glacial valley
margins and are used for calculating the flow paths of the surface melt reached the bed. The
black dots in (b) (upper left and lower left corner) mark crevasses produced due to boundary
effects in the model (Sect. 4.2). They are eliminated from the crevasse map. The rest of the
crevasses are marked with white dots, and are mostly shallow crevasses, hence irrelevant to
water routing. The cartographic representation of the observed crevasse orientation on 8
August 2013 is shown in (c) (color-coded with detecting intensity in the background). The
magenta color shows the area where modeled and observed crevasse match.  The basin side
boundary is outlined with gray dashed line in all the sub-plots.

N
or

th
in

g
UT

M
33

X
(k

m
)

Easting UTM33X (km) Easting UTM33X (km)

(a) (b) (c)

Easting UTM33X (km)

Fig. 4.

C6


