Response to RC2

Thank you for your thorough review our manuscript, Water chemistry and greenhouse gas
concentrations in waterbodies of a thawing permafrost peatland complex in northern Norway. We are
pleased that you also recognize the value of our dataset, particularly regarding the greenhouse gas
(GHG) concentrations in water bodies from this emerging environment in northern Norway. We
respectfully disagree with your suggestion to remove the water chemistry data from this manuscript.
In our reply, we provide arguments that the water chemistry data in this dataset are of good quality
and present valuable insights into the hydrochemical contrasts between the water bodies we studied,
which in turn presents useful context for the GHG data and C cycling. In the following response,
comments from the reviewer are ifalicized in blue text and our responses and edits are in standard,
black text.

Kind regards on behalf of all authors,
Jacqueline Knutson

The manuscript « Water chemistry and greenhouse gas concentrations in waterbodies of a thawing
permafrost peatland complex in northern Norway » presents original data of greenhouse gas (GHG)
concentrations in water bodies from a peatland area in the permafrost region in Norway collected
over 2 years of monitoring. The dataset for the GHG is highly valuable for the community given the
little knowledge on these emerging environments. The data are accompanied with water chemical
composition, but some additional information is needed before these additional data can be used in
the manuscript (see comments below). I would really encourage the authors to address the comments
below to allow the publication of this highly valuable GHG dataset.

Major comments

The most important comments are about the water chemistry measurements (sampling, analytical
procedures, and data availability).

Firstly, according to the method description, the unfiltered waters were sampled in HDPE bottles and
kept at 4°C until analysis. The method does not specify whether filtration was performed. For the
analysis of SiO2, SO4, NO3, NH4, totP concentrations, if filtration was performed, it should be
specified with what type of filter (material), what pore size, and how long after sampling. For DOC
and POC analysis, the information about filtration should be more specific and specify which type of
filter, pore size, and how long after sampling. Importantly, for the analysis of SiO2, SO4, NO3, NH4,
totP concentrations, if no filtration was performed, I would strongly recommend not to use the data,
and to focus the manuscript on the C cycling. Unfiltered waters may contain small sized particles
which continue to interact with the dissolved phase after sampling (dissolution, adsorption, etc). This
is why it is conventionally recommended for this type of water analysis to filter within 24h to 48h.

We would like to respond to the major comment raised regarding the place of the water chemical data
in the manuscript. We applied generally accepted methods for sampling and analyzing freshwaters in
this manuscript but may not have described these methods in sufficient detail, for which we stand
corrected. To assess whether delayed filtration influenced our results, we conducted a filtration
comparison experiment in September 2022. This test showed no significant differences between field-
filtered and lab-filtered samples for DOC, pH, SiO», SO4, TOC, TOTN, or conductivity. Minor
differences were observed for PO4-P and total P in TK-Pond 1 and TK-Pond 3, likely due to particle
flocculation between collection and filtration. A more notable difference was found in NH4-N at TK-
Pond 1, suggesting some variability in ammonium concentration. However, overall, the results
indicate that our sampling and filtration approach provided reliable data. We found that this justified
our sampling methods, e.g. sample water in HDPE bottles, keep them cool (4°C) and dark, transport
them as quickly as possible to the lab and do filtration for some parameters in the laboratory. The field



filtration that the reviewer suggests would have taken several hours extra per field day, which would
have limited other data collection. Given these findings, we maintain that our water chemistry dataset
is scientifically robust and suitable for inclusion in the manuscript. To improve clarity and
transparency, we propose to update the methods section with more detailed information on laboratory
procedures and have added the filtration comparison experiment results in the supplementary material.
Below, we also show more explicitly how the water chemical data contributes highly valuable data for
contextualizing the GHG dataset.

Secondly, for the analysis of the water samples, the authors refer to a report by Vogt and Skancke,
2022 for the description of the analytical procedure and quality control. The report is freely available
online (in Norwegian, which means this is not accessible to the international readership). From what
1 could see in that report, there is no mention of SiO2 measurement. If these data are included in the
manuscript, the analytical procedure (instrument, detection limit, precision) for all the parameters
measured on water samples including SiO2 should be included in the manuscript to be accessible to
the reader. Regarding the measurements of dissolved silicon concentration (sometimes expressed as
Si02 in mg/l), the authors should refer to SiO2 concentration and avoid the use of the terminology
silica. Because silica corresponds to the solid phase.

We agree that a reference to a report in English is more appropriate. Hence, we changed the reference
from Vogt and Skancke 2022 to Gundersen et al. 2025, which is openly available. This report contains
all information on analytical procedures that are included in Vogt and Skancke, as well as information
on SiO; procedures. Additionally, laboratory methods are available in the data repository
(https://doi.org/10.4211/hs.41faf3d6¢31245259ea820740291789¢).

The terminology used to refer to dissolved SiO, may vary across research fields, but in our field, it is
common to refer to SiO as silica. Sjaberg (1996) states that "silica (Si0O,) is regulated by (...)
processes such as dissolution/precipitation" and notes that silica exists both in the solid phase (quartz)
and in the dissolved phase. Additionally, the paper discusses "the solubility of silica," further
supporting our usage. Given this established terminology, we will continue to refer to SiO as silica in
our manuscript.

Thirdly, the method section refers to alkalinity. There is no information about how this was measured.
The caption of Table 3 specifies that for this study DIC is considered as the sum of dissolved CO2 and
bicarbonate. There is a need for more precision on the methodology and for the use of a similar
terminology throughout the manuscript to avoid any confusion. And there is a mention for TOC
analysis in mg/L. The TOC is usually used to refer to the total organic carbon concentration in a solid
phase. What is the TOC for the water? This should be modified and redefined.

We have removed alkalinity from the methods section, as it is not referenced elsewhere in the
manuscript—thank you for catching this.

Regarding TOC, we recognize that terminology can vary across disciplines. In our study, TOC refers
to the total organic carbon concentration in water, which includes both particulate and dissolved OC.
This usage is well established in the literature (e.g., Visco et al., 2005), and we will continue to use
TOC to describe the combined POC and DOC fractions in our water samples. L.179 now reads:
“Chemical analysis of pH, electrical conductivity (EC), and concentrations of (...) total
organic carbon (TOC) (...)”

Fourthly, the manuscript is based on a large dataset of water samples collected over two years, and
median values are presented in Table 2, but a full access to the individual dataset should be made
possible to review the manuscript.


https://doi.org/10.4211/hs.41faf3d6c3f245259ea820740291789c

We fully agree on the importance of data transparency. We have ensured that the full dataset is
accessible in a public repository, allowing for a thorough review of our results. The data are available
through an online repository and have been added to the Data Availability section of the manuscript as
well as cited (https://doi.org/10.4211/hs.41faf3d6¢31245259¢a820740291789¢)

Comments by sections
Abstract

L18: the authors use the terminology of “‘organic acidity” to refer to “organic acids” as a driver for
the pH. This should be revised, and the terminology “organic acidity” should be removed from the
manuscript (L18, L20, L318, L497, L516).

We acknowledge the importance of precise terminology in describing the role of DOC in influencing
pH. However, we respectfully maintain that organic acidity is the appropriate term in this context as it
describes the bulk acid-base properties of DOC rather than implying the presence of specific organic
acids. DOC in natural waters consists of a complex mixture of organic molecules, with acidity arising
from the dissociation of functional groups rather than discrete compounds alone. This term aligns with
its use in the literature (e.g. Vogt et al., 2024) to describe DOC’s role in pH regulation in aquatic
systems. We hope this explanation clarifies our reasoning.

L27-28: check that the 4 is as a subscript for CH4

Thank you for catching this formatting error. We appreciate the attention to detail and have corrected
the subscript for CH, accordingly.

Introduction

L35-36, L40: the authors should incorporate recent publications with the permafrost carbon pool on
land of 1460-1600 Pg C, and specify that they refer to the permafirost instead of northern latitude
regions (Meredith et al 2019, IPCC Special Report on the Ocean and Cryosphere in a Changing
Climate; Schuur et al 2022, https.//doi.org/10.1146/annurev-environ-012220-011847; Strauss et al
2024, https://doi.org/10.1016/B978-0-323-99931-1.00164-1).

We appreciate the suggestion to incorporate more recent publications on the permafrost carbon pool
and acknowledge the importance of distinguishing between permafrost-specific regions and broader
northern latitude areas. While permafrost in northern Norway is highly sporadic and limited, making a
case for its inclusion within general northern latitude regions, we recognize the relevance of
permafrost dynamics to our discussion. We propose to add the mentioned publications to the
introduction, with the following text:

L35: “Northern latitude permafrost regions hold one of the largest terrestrial carbon reservoirs on the
planet (Schuur et al., 2008; Schuur et al., 2015; Walter et al., 2006). Although covering only about
15% of global soils, permafrost regions contain an estimated 1400-1600 Pg of organic carbon (OC)
(Hugelius et al., 2014; Schuur et al., 2022; Strauss et al., 2025), making these areas a critical
component of the global carbon cycle.”

L49-53: “While the large-scale thaw of permafrost is widely recognized (Leppiniemi et al., 2023) and
permafrost regions warm 3-4 times faster than the global average (Meredith et al., 2019), the timing,
magnitude, and pathways of carbon release remain uncertain, influenced by processes such as burial,
mobilization, lateral export, and mineralization (Verdonen et al., 2023; Vonk et al., 2015).”

L112: the motivation of the paper is the C cycling, and this is highly relevant. The justification for the
need of the other parameters being measured on water should be clarified (also see major comments
about the clarification needed for the analysis).


https://doi.org/10.4211/hs.41faf3d6c3f245259ea820740291789c

Thank you for your comment. This concern was also raised by Reviewer 1, which highlights that we
need to better justify the inclusion of water chemistry data and its relevance to understanding GHG
processing. We acknowledge that our original manuscript did not sufficiently clarify the value of these
measurements in addressing our research questions. To improve this, we propose a better articulation
of the knowledge gaps that our study addresses and the role of water chemistry in understanding
carbon cycling in degrading permafrost landscapes, in the introduction. Additionally, we have started
the process of restructuring the Discussion section to begin with an analysis of hydrochemical
differences across our study sites, emphasizing the distinct hydrological influences shaping water
chemistry in thermokarst ponds and streams.

While carbon cycling remains the primary focus, we maintain that broader water chemistry
parameters provide relevant context for understanding the environmental conditions influencing these
processes. The water chemistry data allow us to distinguish between hydrologically different systems,
such as the DOC-rich thermokarst ponds, which receive input from degrading permafrost, and
streams, where groundwater contributions from catchment soils play a dominant role. This distinction
is crucial for interpreting GHG dynamics, and we are incorporating clearer justifications as we revise
the manuscript.

Methods

L145, and L165: specific information about the number of water samples collected in each waterbody,
the date, the time of the day (relative to the precipitation events) should be provided in details. For the
data presentation, the number of data included (n = X) should be specified.

Thank you for your suggestion. A table has been added to the supplementary material detailing the
sampling dates, number of samples per site, and sample types. Additionally, this information, along
with all measured parameters, is available in our public data repository. Since the manuscript does not
address seasonal or daily variation, we maintain that specifying the exact timing of sampling is not
necessary for the main text.

L171-191: see earlier comment as a “major comment” about the water chemistry section

We hope that we have addressed these concerns in our response to the earlier major comment
regarding the water chemistry section.

Results

Comment on Results and Discussion: Thank you for your detailed feedback on the results and
discussion sections. After reviewing your comments and those from RC1, we recognized the need for
a clearer and more structured discussion of the water chemistry results and their significance. To
address this, we are undertaking a revision of the discussion section:

e We have introduced a new section, 4.1 Hydrochemical contrasts between thermokarst ponds
and wetland streams, which directly addresses the hydrochemical differences observed in our
study. This section integrates the water chemistry results and provides a more structured
interpretation of the data.

e The previous section 4.1 Thermokarst ponds as hotspots of methane emissions, has been
revised and renamed 4.2, with improved contextualization now that we have an initial section
discussing water chemistry. The reviewer correctly pointed out that the original section 4.2,
Impact of thawing peat plateaus on water chemistry (L425-459), did not sufficiently link to
the results of our study. In response, we have removed this section and integrated its key
interpretations and context into the newly created discussion of water chemistry, ensuring a
clearer connection between our findings and their broader implications.



e Interpretations that were previously embedded in the results section have been moved to the
discussion now that there is a clear place for them when discussing the hydrochemical
contrasts of the site, ensuring a clearer distinction between data presentation and
interpretation.

These changes provide a stronger link between our results and the discussion, making it more relevant
to the data we present while also engaging with existing literature.L287-333: The first section of the
results should be re-structured to present the data step by step, and to move the part related to the
interpretation of the data to the discussion. This section should consider the major comment about the
methods to define the parameters that will be described in this section and presented in Table 2 and in
Figure 2.

We hope this comment has been sufficiently answered by our response to the major comment in the
methods as well as our Comment on Results and Discussion above going into some of the details
about how we have made a new discussion section and transferring some results there.

L291: “at the top” of what?
L293: “end of the curve” — which?

These sentences have been revised for clarity: L291:

“The water bodies aligned along the inverse DOC-pH relationship with TK-Pond 3 exhibiting the
highest DOC and lowest pH, followed by TK-Pond 2 and TK-Pond 1.”

And L293: “The TK-Drain usually held an intermediate position between the thermokarst ponds and
the wetland streams, which were found at the high pH — low DOC end of the DOC-pH relationship.”

L296: this is for the discussion section

Please see our above Comment on Results and Discussion outlining our changes to the
aforementioned sections.

L299-300: The method section specifies that the totN data will not be presented for a reason, so there
should be no mention of these data in the results and discussion

Thank you for your comment. We understand the concern regarding the mention of total nitrogen
(totN) data in the results section and we have removed the mention. We feel, however, it is important
to justify the absence of totN data, as excluding it entirely might raise other questions. Therefore, we
included a brief explanation in the methods section, stating that the totN data are available in the data
repository but are not presented in the manuscript due to incomplete digestion. We believe this
approach allows us to be transparent about the issue, while acknowledging the potential value of the
data. To avoid confusion, we will not mention organic N in the results, but will clarify that these
estimates, though potentially unreliable, are available in the data repository with a cautionary note
about their limitations. We believe this balances being transparent about the data's status while not
presenting unreliable information as definitive in the text.

L306: “somewhat higher” should be more specific with statistics

We agree that specifying the statistics would improve the clarity of this statement. The following
change was made:

“The DOM quality indicator, sUVa, a proxy for aromaticity, was slightly higher in the wetland
streams than in the thermokarst ponds, although the difference was not significant.”

In Table 2: NO4 should be NO3

Thank you for finding this mistake. "NO4" has been corrected to "NO3™ in Table 2.



L319-321: this is for the discussion section
Please refer to our Comment on Results and Discussion above outlining our changes.

Figure 3: specify in the caption that this is dissolved concentration in CO2 and CH4 in waters. There
is no description of the lower panels.

We appreciate the suggestion to clarify the caption for Figure 3. While we had focused on describing
the upper panels, we now see that the lower panels were overlooked. To address this, we have revised
the caption to explicitly state that the figure presents dissolved concentrations of CO, and CHy in the
waters and will include a clear description of the lower panels. Specifically:

"Variations in dissolved CO; (panels a—c) and CHs4 (panels d—f) across sampling sites in relation to
pH, DOC and totP.”

Discussion

L425-459: in the second section of the discussion, there is not link to the data of the present study. The
discussion should compare the original data and discuss them with the literature. Also the title of the
section should specify what part of the water chemistry will be discussed in the section.

Please see our Comment on Results and Discussion above where we address this comment and the
changes to the section.

Section 4.3: references to the data presented in the results should be included by adding a link to a
figure or a table at L461, L468, L475.

We have revised Section 4.3 to include references to the data presented in the Results by adding direct
reference to the relevant figures and tables at L461, L468, and L475, as suggested. This will ensure
the discussion is more directly tied to the results.

L511: variability of what?

Thank you pointing out the imprecision of this sentence. To clarify, the "variability" refers to the
spatiotemporal variability of ecological and hydrological factors, particularly during thaw cycles,
which can influence GHG emissions and carbon feedbacks in permafrost landscapes. The passage has
been revised as follows:

“These findings reflect the complex interplay of ecological and hydrological factors shaping GHG
emissions in permafrost landscapes. Turetsky et al. (2020) and Pirk et al. (2024) both emphasized the
need for further research on the spatiotemporal variability of these factors, particularly during thaw
cycles, as shifts in hydrological connectivity, OM transport, and microbial activity can significantly
influence the GHG emissions and permafrost-C feedbacks. Improving our understanding of these
dynamics is essential for refining predictions of permafrost-C feedbacks in a changing climate.”

L538-540: Data availability: the manuscript is based on a large dataset of water samples collected
over two years, and median values are presented in Table 2, but a full access to the individual dataset
should be made possible to review the manuscript.

We fully agree on the importance of data transparency. As we addressed in response to the similar
major comment, we have made the full dataset available in a public repository to ensure thorough
review of our results.
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