Review: Glacier dynamics at Helheim and Kangerdlugssuaq glaciers, southeast Greenland,
since the Little Ice Age by Khan et al., 2014
Summary & Major Comments:
The authors use remotely-sensed observations of glacier surface elevation and terminus position
to construct a time series of glacier change for two of Greenland’s largest and best studied outlet
glaciers. The presented record builds on previous publications by placing the recent rapid
changes in a historical context: digital elevation models (DEMs) constructed from stereo
photographs collected in 1981 are used to assess elevation changes that occurred at the end of the
last century and moraines and trim lines are used to infer changes in glacier size between the
1800s and the end of the last century. The onset of similar recent changes in dynamic behavior at
the two glaciers is related to regional increases in offshore subsurface water temperatures and
surface air temperatures. Differences in long-term response to environmental forcing are
attributed to geometric differences between glacier basins.
While placing recent dynamic changes in a longer-term context is incredibly important for
improving the current understanding of tidewater glacier sensitivity to climate forcing, I few a
few major concerns that must be addressed prior to publication.
1) First and foremost, I do not think the authors provide enough justification for using exposed
trimlines and moraines to estimate past glacier thickness and extent. The reference that the
authors cite in support of their assumption that the exposed trimlines and moraines are from the
LIA, terminating in ~1850, does not provide any information on the age of these features. I am
particularly skeptical of the use of these features to reconstruct glacier LIA metrics because the
authors also site sources stating that the Kangerdlugssuaq marginal position was advanced
relative to present in the early 1930s. Without direct observational evidence, which does not
exist, or radiocarbon dates for these features, I do not think that the authors can confidently state
that these features are from the LIA. Prior to publication, other evidence must be provided in
support of the stated age for these features or the text must be revised to reflect that these
features were likely formed some time before the 1930s but the exact date cannot be determined.
Also, these features should be pointed-out in one of the figures so that the reader can easily
assess the historical glacier extent.
2) Similarly, the uncertainty in the glacier surface elevation that is reconstructed from the lateral
remains is likely much larger than estimated in the manuscript. The current uncertainty estimate
only accounts for DEM uncertainty but several other factors must be considered that could cause
the moraine elevation to change between the time of deposition and the present measurements.
The two major factors to consider are moraine slumps/slides and isostatic adjustment. At the
time of deposition, lateral moraines are often underlain by glacier ice. This ice often persists after
the margin retreats and later melts, causing the moraine position to subside relative to its
depositional position. The isostatic adjustment that occurred since moraine deposition may also
substantially influence the measured moraine elevation. Uncertainty due to both the listed
sources should be estimated from other peer-reviewed studies and incorporated into the elevation
uncertainty estimate presented here.

Also, it is worth noting that most of the other references to elevation change between the 1981
DEMs and the lidar observations occur near the central glacier flowline but the geomorphic
features can only be used to infer elevation change along the margins. Although your illustration
(Fig. 6) provides an idealized example of uniform cross-flow thickness change, it is not
necessarily true that the marginal change in thickness is the same as the change near the
centerline. This should be noted in the text.
3) Please provide more support for the use of the 315 m-depth subsurface ocean shelf
temperatures in your analysis. Also, you state that the glaciers themselves are situated along the
continental shelf, which is not accurate. You should revise this section so that is it clear to the
reader that these glaciers are located within long, narrow fjords (provide details) and that
hydrographic observations of water masses within these fjords indicate that the same (but
slightly modified) water masses present on the shelf are also found within the fjord. The Straneo
et al. 2012 paper, whose full citation is included at the end of this review, describes the
hydrographic surveys that have been conducted on the shelf and in the fjords.
4) In your discussion of how you separate the sources of thinning (dynamic versus SMB change),
please provide a more specific description of how you remove the SMB component. Do you take
your thickness change at each point and subtract SMB from the nearest grid cell? Do you use
SMB anomalies in this calculation or raw SMB data? If you use anomalies, over what time
period is the reference SMB calculated? For your plots in Fig. 7, from what location on the
glacier were the speed and elevation time series extracted? The flight lines shown in Figs. 4 & 5
do not perfectly overlap so I am assuming you have to perform some sort of interpolation in
order to construct the Fig. 7 time series. It looks like you have a ‘Sample point’ for each glacier
noted in Figs 8 & 9 but you do not mention them in the text. Do you simply use the observations
closest to these points and assume thickness change is uniform across-flow? Please clarify in the
text.
Minor Line-by-line Comments:
p. 1259, line 25 through p. 1260, line 3: Mass loss from these glaciers was investigated in detail
in Howat et al. (GRL, 2011) and a broader assessment of the discharge contributions from these
glaciers can be found in Enderlin et al. (GRL, 2014) (reference information at the end of the
review).
p. 1260, line 9: The numerical modeling study by Enderlin et al. (2013) did not model the GrIS’s
21st century contributions to sea level rise. Please remove.
p. 1261, line 18: Is the speed uncertainty estimate derived in your analysis or is this an estimate
quoted from other sources? Please provide an explanation for how the uncertainty was estimated
if it was calculated as part of this study. Otherwise, please include appropriate references.
p. 1263, lines 12-14: The Helheim terminus position re-advanced after 2005, as shown in Fig. 8,
so it is unlikely that thinning rates decreased after 2006 because the terminus retreated into a
deeper portion of the bed. A more likely explanation was proposed in Howat et al. (Science,
2007): the terminus regrounded on a shoal in 2006, increasing resistive stress and reducing
thinning rates.

p. 1264, lines 12-20: Presumably you are proposing that warmer ocean and air temperatures have
an additive effect on dynamic change because warmer air temperatures lead to more melt and
high subglacial discharge. The increase in subglacial discharge and the warmer ocean
temperatures cause submarine melt rates increase markedly, leading to dynamic instability.
Although this is a possible explanation, and timing of atmospheric and oceanic warming
correlate with the onset of dynamic acceleration and thinning, the observed correlation cannot be
used to infer causation. Please revise the wording accordingly. Additionally, please elaborate on
the explanation and try to improve its integration within the text. As is, you suddenly jump from
talking about the sensitivity of Helheim glacier to external forcing to submarine melting, with no
transition explaining that you are now talking about a potential triggering mechanism for
dynamic change.
p. 1265, line 11: I suggest also referencing the companion paper to the Enderlin et al., 2013
citation. The companion paper, which was also published in The Cryosphere (see reference
information below), also found that small differences in basal sliding or the effective viscosity of
the glacier can lead to large differences in glacier behavior. Like the cited paper, this companion
study explores a range of parameters for idealized glacier geometries but the results also suggest
differences in basal sliding and viscosity between glaciers influence dynamic behavior.
Technical Corrections:
p. 1261, line 24: Change “HG and KG is” to “HG and KG are”.
p. 1262, line 9: Remove the sentence “Data is available from DMI (Boas and Wang, 2011).”
because this information is already provided in the first sentence of the paragraph.
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