Dear editor Hongkai Gao, Dear reviewers

We thank the two reviewers for their constructive, careful and encouraging reviews. In the
following, we would like to outline how we have replied to their comments and concerns in the
revised manuscript.

Aug 28, 2024

We agree with reviewer #2, Ryan Webb, that we have not invented a new conceptual hydrological
model of rock glaciers. The three different time scales of water/ice fluxes (short-, intermediate-,
and long-term storage) that we refer to is established knowledge (e.g., Jones et al., 2019). Rather,
our novel contribution regards the quantification of each flux at Murtél rock glacier based on an
unprecedently comprehensive data set, notably of the direct measurement of the seasonal
ground ice accumulation/melt in the active layer, its connection to the surface energy balance,
and its connection to the groundwater. The latter is now the main message of the revised
manuscript: We hypothesize that rock glaciers (and other coarse blocky permafrost landforms)
recharge the groundwater, a hydrological role previously overlooked. Introduction and
discussion have been completely rewritten, and an additional figure (Fig. 14) shows the
seasonal thermo-hydrological processes in the Murtel coarse blocky active layer. Other figures
have been updated as well (Fig. 9 recalculated with the correct catchment area of 30 ha; Fig. 10
added 2024 data to show the 2023-2024 winter accumulation; Fig. 11 redrawn; Fig. 12 added
panel (a) showing ground temperatures). The new title reads “Seasonal ice storage changes and
meltwater generation at Murtel rock glacier (Engadine, eastern Swiss Alps): Estimates from
measurements and energy budgets in the coarse blocky active layer”.

Minor points listed by line number (reviewer comment in blue, our response in black):

15: this 13% of annual precipitation and outflow is odd to me. Could you separate precip. And
outflow somehow? Maybe “ ~13% of annual precipitation becomes refrozen and ground ice that
melts to become outflow”... or something similar.

This part has been revised.

19: The 50 mm is not 10 times smaller than the 150-300 mm values mentioned earlier. Am | mis-
reading this?

This should be understood as an order of magnitude. We have improved this part by providing
better estimates in the revised version.

111-119: This paragraph seems to be more fit in the study site description.
Agreed. The introduction has been rewritten.

Section 2.2 seems a bit too long and could be shortened.

We have shortene the discussion of the accessible literature (also raised by reviewer #1).
However, we still provided in this paragraph some comments on site-specific literature which is
not easily accessible, namely Haeberli (1990), Tenthorey and Gerber (1991), and Stucki (1995).

211-213: This doesn't seem like a complete sentence, let along a stand-alone paragraph.
Yes, we have deleted this paragraph.

234: “CHECK!!” Please proof the manuscript for typos and missing references.
Yes, we have carefully checked this occurrence and also the entire manuscript.

342: Why are you only analyzing 2 years? Much of these instruments have been in place since
2009 correct? Why not a longer analysis? Perhaps listing what years some of these instruments
were installed could clarify this.



Heat flux estimates and hydrological data are available from September 2020 to September
2023, but isotope measurements are only available from the summers 2021 and 2022 (only the
plastic tube mentioned in L314 was drilled in 2009 but not used until our investigation). We have
stated the installation dates of the sensors more clearly.

Fig. 4 & 5: what are the horizontal dashed lines in Discharge and Temp.?
In temperature (panel a), it is the precipitation-outflow threshold (Fig.7), in discharge (panel b) it
is the range covered by the gaugings. We have updated the figures or figure captions accordingly.

369: The 8 gaugings seemed to happen mostly in the lower discharges. | would recommend
trying to get some higher flows as well to better constrain the stage-Q relation.

Yes, we are aware of the shortcomings of the stage-discharge relation and mention that in the
manuscript. However, we do not think that more gaugings add substantial value to this study.
The focus of this study is on late-summer low flow where the ice melt storage changes
potentially contribute most to the outflow. The absence of surface outflow during droughts,
which is an important piece for our hypothesis that the meltwater preferentially infiltrates, is
reliably measured.

384: “is” should be “are”
Yes, we have modified the text accordingly.

531-532: this last sentence seems odd and out of place.
We have deleted the sentence.

596-597: similar comment before about being more clear for the “outflow and precipitation”
We rephrase the sentence to convey the message that these ratios of ground ice meltwater and
precipitation refer to the ground ice storage changes.

603-604: OK, makes sense. But, how much of the core is melting? | know this is really difficult to
obtain, but some estimate could really help for any aquifer recharge or groundwater resources
estimate to complete the hydrologic relevance of the paper.

Murtel rock glacier is intensely investigated by several research groups. While no recent (<5 yr)
estimates of subsidence or permafrost ice melt on Murtel are published to our knowledge, we
could obtain the most recent subsidence measurements from I. Gartner-Roer (University of
Zurich).

616-617: This all makes complete sense, but | think you should also discuss the future need to
determine the subsurface pathways for these sources.

Yes, permafrost-groundwater interactions are an underinvestigated topic in mountain
permafrost. We have briefly discuss this, referring to a recently published preprint by Louis et al.
(2024) on the hydrogeology of rock glaciers.



Response to reviewer #1 (reviewer comment in blue, our response in black):

1. Could you provide more details on the influence of precipitation in this research? For
example, how does precipitation affect the ground heat flux measurements and what impact
does it have on the below-ground water/ice content?

The effect of drip water on the heat flux plate measurement were not significant for daily to
monthly energy budgets as shown by the good correlation to the pyrgeometer measurements.
The coarse blocks are well drained. We chose not to reiterate these technical aspects for the
sake of brevity and refer to Amschwand et al. (2024). In contrast, we agree that the impact of
rainwater on ground ice melt deserves to be briefly discussed in this manuscript. It is along
these lines (added in L503-510):

e |nthe active layer, where the bulk of the meltwater is generated, the warming effect of
the rain heat flux is limited compared to the other heat fluxes (radiation, air convection)
and overcompensated by the evaporative cooling effect and decreased insolation from
the cloud cover during precipitation (Amschwand et al., 2023). Also, water content in the
coarse material remains low and does not affect thermal properties.

o |nthe permafrost body beneath the active layer, where heat fluxes are small, the effects
of rainwater (heat advection, changing thermal properties) are not negligible, but hard to
quantify with our measurements in the uppermost 3 meters of the active layer. We
discuss this more carefully, but nonetheless think that it does not detract from our
conclusions because the meltwater contribution from the permafrost body is small.

2. Ice content is generally more challenging to determine than water content in field
experiments. How do the authors measure the ice content?

The ice content is estimated from measurements of the ground ice table in the rock glacier
furrow and an estimated porosity of the block mantle. We could not measure porosity in the
coarse-blocky active layer. Instead, we have included porosity/ice content as an additional
parameter in the uncertainty estimate (Fig. 11) with a conservative range of 0.2-0.8. It has not
significantly affected the outcome.

3. Section 2.2 provides an introduction to past hydrological and hydro-chemical investigations.
While recognizing past work is important, this section is somewhat lengthy and detracts readers
from the focus of the current research. Simplifying this section and focusing more on the
authors’ field experiments, for example, combining Section 2.1 and Section 2.2 together into
Section 2 ’Study Site’, would improve the manuscript.

We agree that our manuscript would benefit from shortening the discussion of others’ works.
However, in this introductory Sect. 2.2, we want to summarize site-specific past studies which
are not easily accessible (see answer to reviewer #2 above). Instead, we have shortened the
reviews of others’ work in our result and discussion section:

4. Although the area has been extensively studied in the past decades, and it is good to
recognize others work, it seems that the manuscript spends too much space on reviewing
others’ work. For example, in the result section, there are a lot of sentences stating that some
observations are consistent with some previous study, but this will make reader distracted from
the innovative points of this research. It might be better to move some of others work in results
and discussion part to introduction, and distinguish the key unique findings in this research.

In Sections 3.2.3 and 4.3, the authors discuss latent heat flux and evaporation. Have the authors
considered the role of sublimation, particularly when there is snow coverage, in the turbulent
heat flux discussion?

Yes, sublimation is an important latent heat flux when the ground is snow covered. It is included
in the surface energy balance model and QLE (cf. Amschwand et al., 2023). We have pointed
that out in the revised manuscript.



The minor suggestions are:

1. The abbreviation ’EC’ first appears in line 71, but its explanation is only provided in line 212.
Please introduce the abbreviation upon its first occurrence. Similar to ’EC’, the term ’SEB’, which
| guess is the surface energy balance, also has the similar problem. It first appears in Line 252,
but surface energy balance first appears in Line 151. And please also check the upper/lower
case together. For example, in Line 151, it appears that the sentence should be: The surface
energy balance (SEB) and AL-internal heat fluxes towards......

We agree and have modified the manuscript accordingly.

2.Inline 269, QLE should refer to latent rather than sensible heat flux.
Yes, thank you for spotting this error. The sentence should read: “The evaporative water flux is
derived from the latent turbulent flux QLE...”

3. There is no need to add a subheadingin line 361 (4.2.1 Field observations). The paragraph can
directly follow line 360.
We agree and have modified the manuscript accordingly.

4. Some sentences are repeated, please check. For example, the sentence in the caption of
Figure 2 is mentioned again in lines 349-350.
We have removed repeated sentences for brevity.
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