Review of the article

“The coupling between hydrology, the development of the active layer and the chemical
signature of surface water in a periglacial catchment in West Greenland”

The manuscript of Rydberg and colleagues presents actual results in studies of processes in
permafrost hydrology, groundwater, chemical signature, and isotopes. The greatest advantage of
the manuscript is presenting results of own investigations of periglacial lake’s catchment in a
melting period. The presented field measurements and analytical results provide some important
aspects and testify to the authors' knowledge of the hydrochemistry and modeling.

The authors apply quite a number of the different methods that could be better structured in the
paper. Interpretation of the results is not clear enough due to complexity of overview, different
timescales, or/and visualization. This paper provides new insights into periglacial surface and
under-ground hydrological processes of Western Greenland, however, in chapter "Discussion”
there is no enough discussion of some important questions in Polar hydrology in larger scale since
these issues are important for the whole Arctic and not exclusively for Greenland.

General conclusion. The manuscript is recommended for publication after major revision
according to following comments and notes. | believe the manuscript to be an interesting and good
contribution. The manuscript will be useful for international Polar community on hydrology and
complementary sciences studies.

General comments.

In “Objectives” authors hypothesizing about influence of freeze-thaw processes and hydrology
(including water-age) to chemical and isotopic signature of surface water and groundwater in the
lake catchment in West Greenland. This question is not new in permafrost hydrology. That is why
then hypothesizing you should be precise with own study novelty justification. Better focus on
own field measurements. There is not much information available in the literature concerning
detail measurements of active layer hydrodynamic and chemistry during melting period. This is
can be the core to build the paper around and shift the focus on analysis of the obtained data rather
than modeling.

The manuscript needs to be partly re-organized. Obtained data and modeling could be presented
separately. “Method” paragraph should be better structured as well as “Results”. Sometimes
authors combine the data obtained by different methods, which significantly complicates the
perception of the results. In my mind paper will benefit from separating the results of
measurements and model calculations, and later you can discuss altogether in the “Discussion”
chapter.

Figure 1 needs significant revision as it lacks much of what is mentioned in the text. The surface
temporary streams should be shown on the map. Isolines of topography could be added as well for
easier water flow direction understanding. The legend on the figure itself and the figure caption
should be unified: “automatic weather station (AWS)” or “weather station”? “Ground temp” in the
legend and “GW-12” in the texts has the same meaning? Is the point of “ground temperature”
measurements and points of “lysimeter” and “groundwater well’s location” the same? Where is
“AL-transects” on the map and in the legend? The lake name “Two-Boat Lake” should be added
on the part B (there is no label “B” on the figure as well) and it should not be “TBL” as it is on the
part “A”.



Figures numbers need to follow the order as it is in the text. Figures 3 and 4 should be rearranged
to match the text.

What type of vegetation zone is in the TBL catchment? Short explanation can be added to the
paragraph 2.1. The type of vegetation is very important for evapotranspiration calculation and
modeling as well as DOC variation analyze.

Explanation of lyzimeter measurements should be provided in the text. Methods of soil/ground
water sampling should be added in the text with more detail explanation: number of samples, time
and depth of sampling, methods and instruments of water sampling; what kind of filters were used:;
how the samples were preserved and transported etc.

Paragraph 2.2. During field work, repeated walking to take measurements and samples can by
itself significantly affect the depth of thawing and even the chemical composition of the water.
Was it taken into account in any way, either during field work or later in the data analysis?

The depth of TDR sensor location should be added into the text. The number of Ground
temperature (GT) points are not clear on figure 1: there are 2 rings on a sector A and 3 rings (blue
and black) on a sector C. Are all rings GT and TDR loggers? Could you add the information on a
figure and to the legend? There is information about four locations on sub-catchment for TDR
sensors (line 294), but no one of it is in the legend of Figure 1. This needs to be adjusted.

The purpose of paragraph 2.4 of the Methods section (ground ice) is unclear as it is not
subsequently presented in either the Results or the Discussion.

The model MIKE SHE and its applicability for permafrost zone should be better explained. For
example, Line 161-162: “...four layers in the underlying permafrost (1-200 m depth)...”. Is thisa
typo? Could it be -200 cm? If this is indeed the case (200 m), then modeling permafrost to such
depths requires a more detailed explanation. In that case, how it is used for surface runoff and
groundwater (top 100 cm) modeling? Are the differences between thawing of permafrost and
melting of ground ice? Did authors (or Johansson) validated the model for permafrost condition
and specific hydrophysical processes? In my opinion, it should be highlighted in the methods.
Referring to Johansson et al. (2015b) is not really enough since it is quite important for this
particular study.

Estimation of groundwater age is not fully clear due to used model type (Paragraph 2.6). MIKE
SHE does not verified for permafrost conditions as it is mentioned in the text. The model has been
tested for the boreal zone, which may be the reason for an inaccurate estimate of the groundwater
age for the permafrost zone. Stable water isotopes content could help in a groundwater age
estimation. The stage of hydrological cycle and, as a consequence, groundwater age directly
influences the isotopic composition. Was the obtained data on isotopic composition analyzed in
this regard? The age of groundwater was simulated for period 2016-2019 (Paragraph 3.2), that
includes May 2017 when samples for isotope analysis were collected.

The number of collected samples for water stable isotopic composition, unfortunately, is not really
sufficient for statistical analysis. In this regard, it would be even more important to conduct a
comparative analysis with known data on other Arctic regions.

Figure 5 (B) shows the graph of isotopic composition with only one value (point on the graph) for
the rain and only one for the snow. Nevertheless, precipitation samples were collected in 2011,
2014, 2017, and 2019 as it is noticed in Paragraph 3.5. Are all the samples having the same value?
Is it a mean value, may be? What about ground ice sample (Line 316) — what was the sampling
depth? Line 317: “...winter (snow) and summer (rain) values...”. Why the rain strictly attributed
to summer? Liquid precipitation occurring in spring (as in May 2017) and autumn and may have
different isotopic composition.



Since DOC discussed in the text and provide an important information about water geochemical
composition, more detail explanation is required (number of samples and sampling approach,
filtration and conservation).

The figure 5 (A) with PCA analyze is fully overloaded. Lack of direct access to data does not allow
reader to evaluate the reliability of the results. 1 would recommend to add the table with
geochemical (and DOC) data as supplementary material or you may think about to place it to the
open database, for example, Pangaea as used before (Johansson, Lindborg, Petrone et al.).

The main issue of a “Discussion” is water-age in a top active layer. The 1-year age is not surprising
if you are sampling in May when snowmelt water partly flows down the surface and partly
infiltrates to a ground. Meltwater is almost the only source for the runoff formation in May. The
3-4-years age of water is more interesting but the modeling results could be supported by stable
water isotope values. Unfortunately, it could not be considered in the paper, possible due to lack
of data. Relation of DOC and water age as well as vegetation and soil types are also not a novel
just by itself. It seems to me necessary to elaborate on the formulation of the main conclusions,
focusing on the novelty of this particular study.

Special Comments:

1. The legend to Figure 1 includes “Vegetation types” but “Water”, “Grassland”, “Barren”,
and “Wetland” are not exactly vegetation types. Several vegetation
complexes/microlandscapes could be on a wetland. The legend is recommended to be
restructured better.

2. The period of intense measurements could be added on the figure 2 for understanding of

source of data - field or modeled.

The x-axis should be added on figure 5 (C).

4. The y-axis on figure 5 labeled as “Fraction of runoff from ground ice or rain” but it is
different in the figure caption - “fraction of melting ground ice and rain...” The label of
the y-axis should be unified.

5. The figure 5 (C) is not really informative. Would be enough to discuss it in the text? The
increase of groundwater fraction content of 0.2 in 12 days fits within the limits of
measurement error.
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