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Review of Trunz et al. 2022

General Comments

Well-written, timely, and based on a substantial body of recent work this manuscript
would make an excellent contribution to The Cryosphere and the topic in general. The
manuscript presents the results from a moulin-channel model - the methods for which are
described in a previous study (Andrews et al., 2022). The model does not include any
glacier hydrological systems other than a single moulin and a single Rothlisberger channel
and depending upon your perspective this represents the main strength or the main
weakness of this study. The conclusion that there is additional “base flow” that contributes
to and damps flow within moulin-connected channels is uncontroversial given that many
moulins occur on the Greenland Ice Sheet and many appear to be connected (e.g.
Andrews et al., 2014). However, this does not take away from the contribution this study
makes in very neatly explaining observed moulin head variability using a numerical model.
The assertions made regarding differences in “base flow” in the lower and upper ablation
areas (Section 5.3.3) are intriguing and demonstrate recent advances in our
understanding of the moulin-connected drainage system. 

The main finding of this manuscript is that channel growth is too slow - and channels are
therefore too small - to explain the observed damping of diurnal moulin head variations,
when the model is forced by local moulin inputs alone. This finding is somewhat similar to
that in Dow et al. (2014) but a different interpretation is given in that study: that channels
are unlikely to form or persist at high elevations. Current evidence (e.g. Covington et al.,
2020; Chandler et al., 2021) as well as the modelling presented in this manuscript
suggests channels do form at high elevations and that connectivity to other channels may
help them persist. Can the discussion of this be expanded slightly?



Specific Comments

L36 - Water pressure in moulins was also measured by Holmlund & Hooke (1983) and
Vieli et al. (2004).

L396 - Section 5.3.2 and Sections 5.3 and 5.4 in general - As mentioned above, a
limitation of this study is its application of a moulin/channel model without including other
components of the subglacial drainage system. This is stated clearly in Section 5.3 (L375)
but isn’t mentioned in Section 5.3.2 which deals only with subglacial channels. It would be
clearer if Section 5.3.2 was renamed from “Subglacial network connectivity and base flow”
to something more specific to channels e.g. “Subglacial channel network connectivity and
base flow”. 

Note that filling of a moulin from the base by subglacial water was observed by Holmund
& Hooke (1983) and has been observed in boreholes by several studies (e.g. Gordon et
al., 2001) as well as being the focus of Mejia et al. (2021). This suggests that “reverse
flow” into moulins does occur and is unlikely to be limited to flow within channels. I
appreciate that the model cannot reproduce this - and I don’t suggest this is attempted in
this paper - but can this limitation be discussed alongside the direct evidence listed
above? 

Section 5.3 appears to overlap with Section 5.4. Is Section 5.3 only concerned with
damping caused by storage within the unchannelised system and not damping caused by
recharge from the unchannelised system? Can this be made clearer? Can these sections
be combined?

In the Section 5.4 heading what does “external” relate to? Is it the same as “non-local”?
Does it mean from an unchannelised system.

As in previous studies (Dow et al., 2014; Meierbachtol et al., 2014) Shallow surface and
bed slope have a critical role in channel development. How was the slope ratio of 0.01
(equivalent to ~0.6 degrees) measured? Is the bedslope assumed to be the same as the
surface slope in Table 1? If so, state this in the methods. If you were to increase the
surface and/or bedslope would this change the results?

L128 - Stating the p-value for correlation as a measure of accuracy is inappropriate. The
low p-value suggests that the correlation between modelled discharge and measured
water level is unlikely to be due to random variation. The p-value does not tell us the
degree of accuracy as a statistically significant correlation is plausible for any variables
that co-vary regardless of the magnitude (or units) of the variables, or whether there is a
causal relationship. For the same reason the statement of “agreement” on L124 between
the same variables as above is not strictly speaking supported by the coefficient of



determination given, which is a measure of correlation rather than accuracy, though this
depends on the intended meaning of “agreement” which is relatively vague. Strictly
speaking, the coefficient of determination of 23% suggests 23% of the modelled discharge
can be explained by variation in stream level. Reporting the correlation between measured
stream level and discharge may be useful but it should not be described as accuracy.

A better measure of accuracy would be the root mean square deviation between modelled
and measured discharge. To be clear, I see no problem with the modelled discharge
imperfectly matching the measured discharge given how difficult it would be to model
rainfall and turbulent heat fluxes. 

L129 - Can you state that m and c are linear regression coefficients and state which
variables are the subject of the regression? Is this the melt model calibration mentioned
on L123? It’s unclear why day of year 205 was included in the regression even though it
was affected by rainfall. Overall, this section needs expanding and revising, possibly with
the addition of a figure showing the linear regression. 

L216 - can you revise this sentence? The melt model reproduces melt not “particular
weather conditions”. It’s unclear what is being underestimated. If correct, can you revise
to make it clearer that melt is underestimated by the model under cloudy conditions and
consider adding an appropriate citation.

L230/L251, Fig. 8 and Fig. 8’s caption - consistent description of the error bars would help
the reader.

L244 - Is “ranges” required here because you refer to the ranges in amplitude or is range
already implicit in amplitude?

Fig. 9 is difficult to interpret. The y-axis label gives two versions of A_h with the modifier
in brackets meaning different things (0 relates to amplitude without baseflow, while n
relates to time lag). Could A_h(0) be written as A_h minus A_bf? A different symbol for
time lag to n, which is usually sample size, would be more intuitive. The symbol for time
lag needs to be used consistently (e.g. in the text, legend and caption). A simpler y-axis
label could be used and defined in the caption e.g. something like “normalised diurnal
head amplitude”. The plot could be labelled with arrows showing where on the x-axis A_bf
exceeds A_in and vice versa.

L274 and other occurrences - consider using the past tense for things that were done in
the past. 



L367 - This is the orthodox view that crevasses are unlikely to be sufficiently open below a
few tens of metres below the surface but there is not that much observational evidence to
support this view. It is worth remembering that the moulin would have originated from
water flowing into a fracture and that englacial conduits often follow such fractures (e.g.
Gully, 2009). I don’t think storage within englacial fractures can be definitively ruled out.
See also evidence for fractures at depth presented in Hubbard et al. (2020) and evidence
for energy released by refreezing meltwater which potentially occurs in fractures (Luthi et
al., 2015).

L451 - reference Figure 10

L452 - discrete in what sense, temporal or spatial or both?

L459 - Nienow et al. (2005) comes to this conclusion by interpreting velocity data on the
basis of pressure measurements presented elsewhere (e.g. Hubbard et al., 1995; Gordon
et al., 1998). It may be better to cite the studies with hydrological observations of this
process.

L484 - Can you reconcile the assertion that at lower altitudes subglacial water flow is
steadier while at higher altitudes it is lower in magnitudes but greater in diurnal oscillation
amplitude, with the opposing observations in Covington et al. (2020)? Perhaps this would
apply if fixed moulin and channel sizes were assumed. Could you expand this assertion in
the conclusions slightly to better reflect how it is described (very nicely) on ~L445?

Technical Comments

L17 - Move citation beginning “(Yang …” to before “that”

L74 - delete second citation to Morlighem et al. (2017)

L90 and other occurrences - check whether “Fig. 3” should be “Figure 3” when referenced
in the main text outside of brackets. 

Fig. 3 and other occurrences in Figures - units should not be in italics. 

L112 - the first “(Q_p)” is unnecessary. 



L112 - Consider using a different letter for coefficients, or being consistent with the
subscripts, or otherwise reducing the potential for confusion; currently there are two C_x’s
for concentrations (L95), a C_p for the peak discharge coefficient (L112), and a C for the
runoff coefficient (L115). 

L137 - delete “and” and add a comma before phi

L152 - Figure 4 and its description could be easier to follow. In the text, figure, and
caption can the same terms be used for “turbulent-underwater” and “open-channel” melt
be used? The description of moulin deformation modelled as viscous and elastic needs to
be separated from the shear deformation of the ice modelled using Glen’s flow law. Can
you mention that the former is modelled using a Maxwell model. Overall the description of
the model needs to be expanded to briefly introduce all of the components without the
reader needing to refer to Andrews et al. (2022) to make sense of the modelling
approach. 

Figure 5 caption - In “(d-e) Moulin shape evolves with surface input.” does this mean that
other processes affecting moulin shape were excluded? 

Should “Simulations EMa”be singular? And should “head of oscillation” be “oscillation of
head”?

Generally interpretation of figures should be left to the main text and not included in the
caption. 

Figure 5 c,e,g y-axis labels - Symbol z has not been defined in the text, and in Figure 4
“Height above the bed (m)” is written out in full.

L193 - specify the sim for the fixed 5 m model run.

L206 - plural ‘radii”

L214 - Specify the sim before referred to.



L254 - Specify Sims E1a-d.

L259 - “of oscillation” could be omitted.

Fig. 8 - Units incorrectly in italics. 

L290 - is it necessary to specify normalized here when discussing in general terms? Is this
A^*_in?

Table 3 - Can you use a narrower dash to indicate that a variable is unitless to avoid
ambiguity with the minus sign, or perhaps just leave the units for unitless variables blank
as on L353? (A narrower unitless symbol is used on Figure 9).

L333 - add “moulin” after “FOXX”

L380 - add “respectively” after “base flow”

L477 - revise to avoid the apparent contradiction in dismissing “subsurface inputs” which
would dismiss “basal inputs”.

L468 - the following sentence needs revising to make sense “with only a small portion of
the water can” 
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