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General response

Both reviewers highlighted a need to restructure the document and indicated that the paper would

be improved if it relied less on the previous paper. Furthermore, both reviewers indicated that

the groups based on hydrography (termed as ‘CTD groups’) were inqdequately explained and that

sticking to the dataset presented and focusing on factors that usually explain most of the variability

in CO₂ would be preferred.

Taking this feedback into consideration we have entirely rewritten the manuscript from scratch in

line with their recommendations. The revised version focuses on how the fugacity of carbon dioxide

(fCO₂) as calculated by CO2SYS relates to:

• the measured variables salinity, temperature, dissolved oxygen, and chlorophyll

• total alkalinity (TA) and dissolved inorganic carbon (DIC) normalised to salinity

• calculated euclidean distances to the coast and slope (and East Greenland Current)

• sampling period

In addition we highlight that a large proportion of these data were obtained in areas where no full-

depth sampling for carbon chemistry had occurred prior to this study due to perennial sea ice cover
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CHANGES WITH RESPECT TO COMMENTS BY REVIEWER 1

and we compare our measurements for TA and DIC with algorithms used in literature to predict

them to make our manuscript more relevant to a broader audience.

We hope our rewrite proves sufficient. The changes made are in blue.

Changes with respect to comments by reviewer 1

• Lack of a clear definition of the study’s novelty and major goals (I certainly see those, and

therefore invite the authors to revise their text to show it). For instance, in the introduction the

authors describe clearly and succinctly the seasonal dynamics of the area. Although the goal

of the study is briefly mentioned, it does not come across why pursuing this goal is relevant and

the approach followed is novel. As I understand it, the main aspect explored in this manuscript

is that due to changes in the timing of the freezing-melting cycles, it is not clear whether

the heterotrophic period (during which CO2 outgassing is predominant) might tip the annual

balance from overall sink to source. Should this be the case, this should be framed more

predominantly. There is in fact a sentence in the abstract, which exemplifies well how this

could be set up in the introduction: “This is in contrast to the common perception for this

Arctic outflow shelf region as a CO2 sink during the ice-free season”.

– The reviewer is right that the goals should be stated more clearly and that whether this

dataset takes place in the heterotrophically dominated part of the season is insufficiently

shown in the document. The collection of the field materials that form the basis for this

manuscript occurred opportunistically since the locations that were sampled are usually

inaccessible due to sea ice cover. Of particular interest was to determine the CO₂ dynamics

on this lesser studied part of the shelf and to determine the impact, if any, of low ice

conditions as a type of real world laboratory for future conditions in a warmer ice-free

climate. We initially assumed that the hydrographical conditions in the more extensively

surveyed part of the Northeast Greenland shelf (e.g. the area near 79N glacier and the

Northeast Water polynya) would be representative of the other areas of the shelf and we

would be able to compare results. This turned out to not be true to the point that we wrote

an entire paper to disentangle the hydrographic complexity prior to being able to analyse

the carbon system. The data we present here are carbon system data for the full depth

across much of the latitudinal and longitudinal range of the shelf where no prior data

were previously collected. Even so, many of the processes influencing carbon dynamics

on the shelf occur at smaller scales than the sampling density and therefore our ability to

adequately explain all variability in the data is limited. What we can conclude is that the
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CHANGES WITH RESPECT TO COMMENTS BY REVIEWER 1

pCO₂ as calculated by CO2SYS from TA and DIC are much higher than we expect them to

be at this time of year. The Arctic Ocean is nitrogen limited in the surface layer [Codispoti,

et al. 2013] and this is also the case on the Northeast Greenland shelf during the time of

these cruises. This is likely the reason for low Chlorophyll-a fluorescence in the surface

water where mixing can make it available for atmospheric exchange. Exceptions occur at

lower latitudes where there is more Atlantic Water and also near sea ice (~-12 °E, ~79 °N,

Figure a). Of course lack of primary productivity doesn’t immediately provide evidence

for net heterotrophy, especially if the concentration of organic material to remineralise is

also low. The materials required to make this assessment are not available to be used in

this manuscript. We will modify the introduction to state more clearly what our goal is and

to highlight the importance of our findings.

– In the revised introduction we have changed focus on how our results contrinute to the

larger body of scientific knowledge about the region. We have also included what data we

have regarding dissolved oxygen and Chlorophyll-a fluorescence to investigate potential

relationships to primary productivity. We have also made the fact that these data are from

opportunistic sampling due to the absence of sea ice rather than of a coordinated prepared

campaign which allowed sudden access to parts of the shelf which have previously not had

full depth carbon chemistry sampling coverage.

• The methods section strongly relies on measurements/ methodological approaches of pub-

lished work by the same group in their 2023 paper. While I agree that a full description is

not needed, the issue is that, at some extent, the present manuscript stops being a stand-alone

contribution that could be fully reproducible without reading other sources (mainly Willcox et

al., 2023). I therefore invite the authors to consider including a brief description of the sam-

pling and other relevant aspects of the setting for the study (see comments in the attached,

commented version of the manuscript).

– We agree that there should be a (short) summary of the previous paper to create the

context for these results. This will be added to the revised manuscript.

– We have added a few paragraphs sumamrizing the results described in the previous paper

for context

• Although the crux of the manuscript is the discussion of source-sink dynamics of the area

with respect to atmospheric CO2, no air-sea flux densities of CO2 are presented at all. Most

of the discussion is based on calculated pCO2 values which are evaluated in terms of being

above or below a threshold of 400 ppm (which was not adequately justified). With the data at

hand, it would be very easy for the authors to carry out an air-sea gas exchange calculation.
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CHANGES WITH RESPECT TO COMMENTS BY REVIEWER 1

My invitation for the authors is to do this not only because it makes sense considering the

theme of their manuscript, but also because it helps putting their study in the context of other

published estimates (which of course ultimately would influence this contribution’s impact on

the current literature).

– Some flux density calculations for (more coastal stations) Northeast Greenland have been

previously attempted [Sejr et al. 2011, Henson et al. 2023]. A major issue is that the po-

tential for errors here is large. No atmospheric components were measured (wind speed

or atmospheric pCO₂) during the two cruises. Any flux calculation heavily relies on these

inputs and small lacks of accuracy in these data could lead to relatively large errors. Fur-

thermore the choice of transfer coefficient is very important and although those of Nightin-

gale et al. (2000) we do not know whether these are representative of transfer velocities

in ice-covered, partially ice-covered, and/or glacial melange dominated environments. In

our opinion it is not suitable to include flux calculations in the manuscript for these rea-

sons. We prefer to stick as close to the data itself as possible so as to not conceal any

details behind potentially inaccurate calculations. However we will mention the SeaFlux

atmospheric concentration for the region during the month of the cruises and update any

figures where atmospheric values are noted. We have performed the CO₂ flux calculations

as shown in Figure b using the gas transfer velocities, CO₂ solubility, and fCO₂ for the atmo-

sphere from the SeaFlux Data Product v.2023.02 [https://zenodo.org/records/8280457].

– We have not included flux calculations for the aforementioned reasons. We have updated

and justified an atmospheric threshold of 395 µatm based on SeaFlux.

• The results section is quite descriptive and would -in my opinion- benefit from a merging with

the discussion section. That being said, the discussion in its present form is mostly discon-

nected from the observations. This is why I think merging these two sections would help

drawing those connections in such a way that the conclusions of the manuscript are better

supported.

– Agreed, the two sections will be merged in the revised manuscript

– We have merged the results and discussion sections

• The discussion is mostly focused in the comparison with regional studies and the results of the

paper, as relevant as they indeed are, are not put in a larger regional context such that at the

end the reader cannot grasp the impact of the data/analysis presented.

– We appreciate this comment. Since the region is considered not only a sink for atmospheric

CO₂ but this water is also advected to regions where intermediate water is formed such as

the Labrador Sea. Any changes in CO₂ uptake by the ocean in this region could influence
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the longer term storage of atmospheric CO₂. In the revised version of the manuscript we

will make sure to state the broader context of our findings.

– We have added additional sections to the introduction, results and discussion, and the

summary that put our findings into broader context

• Furthermore, I noticed that there seems to be a good degree of overlap between the measure-

ments of this study and historical data from sea surface pCO2 archived at the SOCAT data base

(https://socat.info/). Considering that the SOCAT data was gathered during different seasons

throughout the year, I tend to think it would be enriching for the study to a) compare their

calculated pCO2 values with the of the database and b) use their analysis on major dominant

variables of pCO2 variability in the different sub- areas to provide an even more robust esti-

mate of the pCO2 source-sink changes over the seasonal cycle (i.e. using SOCAT values and

the identified driving mechanisms/parameters as predictor variables to compute a regional

estimate)

– During our conversations prior to submitting this manuscript, we discussed whether SO-

CAT data should be used for comparison. We chose not to include these for two main

reasons, one is that the data are not directly comparable. The second is that SOCAT data

for the region is only available for 2009 (Figure c). We will make these limitations clearer

in the revised version of our manuscript, mention the SOCAT seasonal and use it to intro-

duce the inter-annual variability for the region.

– We have added the locations of both the SOCAT data and the CARINA data in the region

to the map (Figure 1a) in the manuscript, primarily to show that our data cover a region

previously limited to only surface measurements (SOCAT) with our data the first full depth

carbon chemistry measurements. We do not do a direct comparison inside the manuscript

because it is not a substantial addition but these previous data should be mentioned so we

have added a section to the supplement where we show our data (fCO₂ x date) and that

for each year collected in those databases. The most recent September data in SOCAT is

from 2009 and for CARINA from 2003.

• This abstract is very short. While this is not necessarily bad, I think in this journal the authors

do have the space to include more (specific) information that allows the reader to, for instance,

see the magnitudes of the source/sink terms and exchange fluxes, as well as which exactly

are the proposed/observed causes for low TA values that might tip the equilibrium from CO2

uptake to outgassing.

– We will extend the abstract with more results

– We have rewritten the abstract to match the new manuscript. It is now longer
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• In the paper by Willcox et al (2023) the authors state that this field work was carried out over

a 3-week period in August-September 2017. The two days stated here appear too little for

the number of stations included in this study. Please check and confirm the timing or change

accordingly.

– The cruise durations were a month (24 August to 25 September as stated) in total for both

this and the previous manuscript.

– No change

Specific comments

Due to the rewrite having replaces most of the text, comments regarding spelling for example, are

no longer directly relevant

• Precipitate

– Will change spelling

• 45: Please revise this sentence. I understand what it is meant to express, but it takes a while

because it is not clearly formulated.

– Sentence will be rephrased

• 49: “(…) describing observations of alkalinity and dissolved inorganic carbon made during

(…)”

– Will amend the grammar

• Please revise sentence as it reads odd. A suggestions would be: “(…) they provide possible

insights into the variability of air-sea exchange of CO2 in the NGS under a changing climate

(…)”

– Will amend

• 56: I understand that it is not need to repeat all the methodological description for these

measurements since these are published. However, the TS groups are essential information for

this manuscript, which as I see it, should be understood independently of past work (i.e. without

the reader to have to open a new paper to see the classification). Therefore, the authors

might want to at least include Table 2 from the Willcox et al paper in 2023 as a supplementary

information to this manuscript.

– Will include a summary of major conclusions of the hydrography from the previous paper

as they pertain to this document.

– As described above, a section has been added to discuss the cruise more extensively and

the results of the previous paper. Simultaneously, all mention of CTD groups has been
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removed and the focus of the paper shifted toward the comparison of the variables that

should produce most of the variability in fCO₂

• 56: Introduce the abbreviation here upon first usage.

– Will introduce abbreviation here

– Introduced abbreviation for CTD

• 56: This is not necessary. The citation suffices in this case.

– Will remove

– Removed, restructured

• 59: Here it would not harm to write that samples were collected using a CTD-Rosette system.

– Will add this text

– Have added the words CTD Rosette in the methods

• 71: Consider a more suitable wird; e.g. “exchanges” or “fluxes”.

– The other reviewer also took issue with the wording of this sentence. This section will

be revised to more specifically describe the difference between the actual flux at the air-

ocean interface versus the mass available in the mixed layer which can be brought to the

interface before the layer is at equilibrium.

– lost in revision, referenced different paper which also used maximum N²

• 72: “(…) carbonate system data (…)”

– Will amend

– lost in revision

• 74: Mixed layer depths (MLD) in the region are highly variable (as indicated in the ref-

erence cited by the authors themselves). Choosing “less than 70 m” (which according to

Peralta-Ferriz and Woodgate 2015 is the lower limit of the winter MLD value) can there-

fore be misleading. Unless the authors have a well-justified reason to choose this value,

I would invite them to estimate the MLD themselves. I am convinced that this should be

possible with the data they have at Moreover, I would like to bring the author’s attention

to at least two studies in which it has been shown that not only MLD but also near-surface

stratification (caused by e.g. ice melt and/or freshwater inputs) has a noticeable effect

ihttps://online.ucpress.edu/elementa/article/8/1/084/113075/Underestimation-of-surface-

pCO2-and-air-sea-CO2f sea, Hudson Bay”

– We are estimating the mixed layer depth ourselves using the depth of the maximum Brunt-

Väisälä frequency squared (N²) as described. We are using 70 m as the lowest possible

depth (cut off) at which the MLD could be found. We have evidence from the dissolved O₂

maximum just below the depth of the maximum N² that no ventilation takes place below it.
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Wewill change the wording of themanuscript to make this clearer. We certainly appreciate

that near-surface stratification is important in the flux between ocean and atmosphere but

this was not the focus of our paper.

– Sentence lost in revision. The method of mixed layer determination with N² is introduced

and justified elsewhere in the document

• 76: The assumptions in this section would be reasonable if no data were available for calculat-

ing the MLD. However with data at hand, it seems to me the most sensible choice to compute

the MLD instead of using a constant value.

– This section describes how we compute the MLD, we do not use a constant value. Ap-

parently our wording is insufficiently clear and the text will be amended to attempt to

accommodate increased comprehension.

– as above

• 85: Add a point here.

– Will add a point

• 86: “(…) water sources(…)”

– Will add “water”

• 119: Check for consistency; in figure 4 the axis also have “Sp”, whereas equation (4) has “S”.

– Will modify the document to refer to practical salinity with only one term/acronym through-

out.

– Current document uses Salinity or abbreviated ’S’ throughout

• 127: “(…) is subject to (…)”

– This was intended as “makes [..] subject to bias” to injecting it would not work, but will

rephrase and remove ‘make’.

– The entire section has been moved to a supplement

• 163: Is this from the NOAA’s cooperative air sampling network? Or was it measured on board?

Please clarify and if appropriate, add the corresponding data source.

– No. At the time of writing we picked an arbitrary representative value since no local mea-

surements are available, however we have since obtained values from the SeaFlux dataset

so we will amend this where necessary throughout the manuscript.

– We are using SeaFlux values for atmospheric concentrations now

• 164: It would be useful to add a label for 400 ppm CO2 in the color bar of this figure.

– This figure was originally included because in other Arctic regions TA x d18O diagrams

very clearly show differences in pCO₂ with more freshwater dilution in one direction and

more sea ice meltwater dilution in another. We do not find this in our data and that is a
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major difference to what we expected in this region. This will be described in the text but

no longer represented as a figure. This figure will be replaced by another figure which

more clearly fits our own findings.

– Figure was replaced

• Figure 7 caption: capitalise M in mixed layer. Lowercase l in lower

– Will amend this

• 298: Add a point.

– Will add a point

• Section header 3.3: This section is only descriptive and it appears to me as if would not be

complete. I mention this because while the subsection header mentions air-sea CO2 exchange,

no flux densities are presented at all (and were notMoreover, I noticed that several references

to geographic features / locations which were not discussed before in the manuscript suddenly

appear here. I recommend the authors to include these in e.g. Figure 1, should they be relevant

for the results/discussion.

– We will update Figure 1 with the locations mentioned in the text in the revised manuscript.

As previously discussed we will not add the flux calculations to the main document though

mention will be made of the SeaFlux atmospheric pCO₂.

– Figure 1 has been updated with the locations used in the text

• 209: “respect” instead of “rescpect”

– Will amend

• 220: I think this sentence is not necessary. IN case the authors would like to use the argu-

ments presented in subsections 4.1 and 4.2 to provide indication of the potential caveats of

the approaches used (which would of course be a valid choice), I suggest to shift them to the

materials and methods section.

– We aremoving the entire conversation aroundwatermass tracers and our choice to use the

polynomial in our normalisation instead of any of the more commonly used normalisation

techniques to a supplementary text. This will make the text shorter and more concise and

remove the need to add this sentence since this will be moved to the supplement

– Section moved to supplement

• Figure 10 caption: Since this plot has no units, it is not clear whether the pCO2 values are aver-

ages throughout the MLD, or integrated values across the same vertical ranges. Furthermore,

in order to convincingly show that pCO2 values within the MLD at all locations are a reliable

representation of the flux densities at the the air-sea interface, it would be necessary to see the

TS profiles. This because, as pointed out in my comments above, near-surface stratification
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can be a non-negligible factor influencing the variability of CO2 air-sea flux densities.

– Units will be added to the plot. We will make the use of the average as opposed to an

integrated value clearer in the revised manuscript

– Figure was replaced

• Section 4.1 header: As it stands, this section provides a recollection of factors that might influ-

ence TA values in the study area, but misses completely a connection with the data presented

above. I kindly invite the authors to revise in order to discuss how the complex setting of the

region might have explained their observations.

– We are making modifications in the introduction and the summary of the previous paper

that make clear why upstream variability to TA is important to the Northeast Greenland

shelf. This should bridge the connectivity issue between the two sections.

– Section was replaced, most of the discussion of TA has been removed

• 231: I am guessing the authors mean to say one out of two major connections to the Atlantic

Ocean (?).

– We mean the two regions of export of freshwater to the Atlantic Ocean and will modify the

text accordingly

– Where this is first described in the Introduction we make clear that this is one of two major

outflow regions together with the Canadian Arctic

• Section 4.2 header: Same comment here as for subsection 4.1. Although the arguments pre-

sented here are logical and plausible, the text is (i.e. appears) fully disconnected from the

results.

– 4.2 describes the choices of tracer which will be moved to a supplement together with a

justification for the choice to use the polynomial normalisation instead of a tracer-based

normalisation.

– Everything relating to water mass tracers and normlisation has been moved to the supple-

ment

• 283: I agree with this. However, I have to say the graphical display (and the manuscript text)

do not show this as clearly as they could. In particular for figure 6, adding an indication of the

400 ppm CO2 boundary to define sources/sinks would be useful. Along those lines, the authors

might want to consider a two color bar to show this more clearly. Along those lines, it should

be clearly stated what is the source of this value for atmospheric CO2 at the time of sampling.

By looking at the NOAA atmospheric sampling station in Svalbard (78.9067° N, 11.8883° E;

https://gml.noaa.gov/dv/iadv/), it seems that 400 ppm could be an overestimate. I therefore

invite the authors to re-check.
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– The figure will be modified to include a categorical range for pCO₂ values which will more

clearly show where the atmospheric value is reached. Based on the SeaFlux data product

for the geographical region of this study, 400 ppm is an overestimate by about 5-10 ppm

for September 2017.

– Figures have been replaced

• 283: Furthermore, and perhaps even more importantly, the fact that the crux of this paper is

the variability of the region as a source/sink of atmospheric CO2 and no CO2 flux densities is

presented, is a significant drawback.

– As stated above, the errors associated with the calculation of the CO₂ flux in light of the

lack of measurements of the required parameters means that actual flux measurements

are less useful than simply presenting the measurements and CO2SYS calculated values of

the partial pressure due to questionable accuracy. We lack measurements of wind speed

at 10 m, of CO₂ partial pressure in the atmosphere, and of the parameters required to

calculate the gas solubility. This means all of these would be assumed, obtained from

reanalysis data, or taken from quite remote measurements (such as from Spitsbergen on

the other side of Fram Strait or far further south in East Greenland).

– We have refocused the paper. We still do not discuss the flux (for reasons previously

dfescribed) though we have rephrased to include references to the SeaFlux atmospheric

value

• I kindly invite the authors to check for additional data that might be available at the SOCAT

database.

– As stated above, aside from the obvious issues with comparing values from two entirely

different measurement techniques, there is data for the month of September only from

2009. This is almost a decade before the data described in this manuscript and the region

has changed quite dramatically in the interim. We will make a point of discussing the

SOCAT data for the region in more depth to describe the seasonal variability in the region

as stated above.

– Data is not included in main manuscript but has been included in the Supplement

• 291: The authors might want to consider enriching the discussion with additional, recent litera-

ture, e.g.: Richaud, B., Fennel, K., Oliver, E. C. J., DeGrandpre, M. D., Bourgeois, T., Hu, X., and

Lu, Y.: Underestimation of oceanic carbon uptake in the Arctic Ocean: ice melt as predictor of

the sea ice carbon pump, The Cryosphere, 17, 2665–2680, https://doi.org/10.5194/tc-17-2665-

2023, 2023.

– Thanks for mentioning this paper, it is very interesting and a reference to it may find its
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way into the revised manuscript.

• 353: In the paper by Sejr et al., it was shown that turbidity correlated well with the pCO2 offset

between the two methods. I wonder whether turbidity data during the surveys for this study

could be used to “correct” the TA/DIC observations and then compare the obtained pCO2 with

SOCAT pCO2 data.

– Sadly, the CTD did not have a turbidity sensor attached so we cannot use this method and

we can’t correct the data to compare these properly.

Changes with respect to comments by reviewer 2

• While the data and findings certainly deserves publishing, I found presentation lacking and

certainly agree with the other reviewer Dr. Arévalo-Martinez: the goal of the study is unclear.

Related, and as a consequence of this, there is not a clear underlying methodological strat-

egy, the results are unsystematically presented, and large parts of the discussion does not

clearly relate to the results. I think the authors need to make a decision on what problem the

study should focus on. I would recommend that the authors undertake a systematic analysis

of the factors that drives the spatial pCO2 variability. This is interesting, as the region is little

investigated in this regard. This is further elaborated in my Main comment no 1.

– In light of the complex hydrography of the region a clear determination of the precise

drivers is impossible, the sampling density is simply not sufficient. This is a synoptic scale

study and many of the most important processes range from micro- to mesoscale (sea ice

melt/brine to eddies). What we do is show the region’s carbon system does not respond

to the generally investigated drivers in the same way as other parts of the Arctic and

investigate why that is. We agree that this could be phrased more clearly and will do so

in the revised manuscript. Figure a contains plots for each of the four driving variables

held constant. We do not feel that such an analysis adds to our understanding of what

drives variability on the shelf because there are simply too many different water types

and processes to consider. To choose representative values we’d have to choose which

water mass would be most representative of the region which with complex hydrography

is impossible to do.

– The entire document has been rewritten to focus on the main factors that in most cases

explain the majority of dissovled CO₂ variability

• Also, note that some terms are not properly defined, in particular Sp – and sometimes S is used

and another time salinity. Figure captions are sometimes insufficient, for example, what the
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colors signify. Some instances are mentioned in my specific comments, but this needs to be

improved, overall. The English is overall excellent, but many sentences are long and winding,

shorter sentences and more use of commas are encouraged.

– We will update the manuscript to use a single term for salinity and make sure any figure

colours are described in the captions.

– Salinity or S are used throughout. Figures have been replaced. Sentences have been

made shorter

• Main comment 1: Drivers of pCO2 variability is presented in section 3.2. As a digression, I

find it quite illustrative of some of the issues with the manuscript that the section is entitled

“Salinity normalized data” while it is really about drivers of pCO2 variability. That aside, there

is a substantial methodological issue here as the section simply presents correlations between

pCO2 and more or less related properties. But none of these directly drives pCO2.

– This section is not about the drivers of pCO₂ variability. It is about the associa-

tions/correlations between pCO₂ and other variables measured and calculated to deter-

mine the possible drivers in the absence of clear patterns in pCO₂ w.r.t. The variables

T, S, TA, and DIC. We have two water types (EBAW and rAW) that have similar salinities

(34.8 and 35 respectively) one of which has been on a round-trip of the Eurasian Basin in

the Arctic Ocean and the other has not. We cannot distinguish between the two clearly

enough to differentiate their TA. Furthermore, temperatures of freshwater at the surface

can be as high as the temperatures of rAW, while the other water types remain close to

freezing. TA is not entirely conservative with salinity so single source freshwater dilution

inferences cannot be made since these sources all have different slopes and intercepts

at 0 salinity and mix in unpredictable ways. Finally, the surface water doesn’t sustain

the amount of productivity required to dominate exchange of CO₂ with the atmosphere

due to the surface mixed layer being nitrogen depleted (with the exception of the sea ice

proximal stations and regions where direct Atlantic input supplies nitrate to the surface).

The region is too highly variable and therefore the sampling density is still too low to

point clearly at a single driver or combination of drivers. This was the reason to look at

correlation of factors instead of at the main four drivers. We agree that this could be

stated more clearly in the text and will add additional descriptions of the water types

advected into the region, the superimposed processes, and the seasonal variability in the

updated manuscript.

– We have refocused the paper on the primary drivers as requested though we are only able

to look at these using median-based nonparametric methods
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• pCO2 variability is caused by four factors, DIC, TA, and temperature (T) and salinity (S), where

the two last ones are thermodynamic drivers affecting the CO2 solubility. The importance of

each of these drivers should first be determined, and the authors certainly are in a position to

do so as they have DIC and TA data. One way this can be done is to determine pCO2 varying

one variable at a time, while keeping the others constant at their mean value, and evaluating

the correlations with actual pCO2.

– In this region the solubility influencing factors (T & S) do not seem to influence the North-

east Greenland shelf in the same way as elsewhere. I agree we should add a section where

this is discussed more clearly though as stated above, holding values constant does not

really provide the answers. We will amend the revised manuscript to discuss this.

– We performed a comparison with set values as part of the author comment and this did

not really provide any additional answersi and was not included in the manuscript

• Next, the factors driving (in particular) DIC and TA variability should be examined. In partic-

ular, whether the variability is caused by freshwater dilution or not – though salinity normal-

ization, and whether the location is dominated by Atlantic waters, meteoric waters or sea ice

melt.

– There is no single source of freshwater to the region. Sources of freshwater into the Arctic

Ocean, which is exported through Fram Strait and advected onto the Northeast Greenland

shelf through Ekman transport, are extremely variable in terms of TA. They include Pacific

inflow freshwater, European Russian and American riverine inputs across different geolo-

gies, local Glacial input and direct precipitation. These sources are clearly described in

Figure 1a in the manuscript. Ten to eleven percent of global riverine input goes into the

Arctic Ocean and the volume of the transported Arctic Ocean freshwater inputs dwarfs

the local input sources. As a result, the concept of ‘freshwater dilution’ in terms of car-

bon system parameters means something different on the Northeast Greenland shelf than

it might elsewhere where there are fewer separate freshwater sources. Since this was

unclear from the initial version, we will update the revision with additional background.

The hydrography in terms of sea ice melt, meteoric waters or Atlantic waters was the

topic of our previous paper. A short summary of those results will be added to the Cruise

location/description section.

– The revised manuscript goes into more detail

• My point here, is that none of the properties shown in Fig 8, directly affects pCO2. Yes, they

are related, but not directly. Therefore such a two stage approach is much more preferable:

(1) How does DIC, TA, T, and S drive pCO2 variability in the region and (2) what regulates DIC

14



CHANGES WITH RESPECT TO COMMENTS BY REVIEWER 2

and TA (mixing/source waters and primary production, where the former can be quantified

with the data at hand, while the latter can only be inferred).

– As stated above, the data density is too low to determine the effects of the primary drivers

without having to look at individual sub-regions where there would then be too few data

to run the analyses. We cannot tell apart water with the same temperature or the same

salinity since they may be from different sources and are not conservative in this region.

– Figure was removed

• I think the entire paper could revolve around such an analysis, which would give much clearer

goal, methodology and results.

– If we had the data density required to do such an analysis we would have but our current

data do not provide a clear enough signal to make this the focus of the paper.

– Manuscript was rewritten

• Main comment 2. I find the description of the water mass fraction analysis at lines 94-114

very inaccessible and confusing, in particular from line 100 and onwards. It is mentioned at

the start of this passage that “the lack of knowledge on seasonality and mixing history” is a

large source of uncertainty. This obfuscates the real issue, which is the fact that almost all of

the data are very close to the Atlantic end-member, and far away from the SIM and meteoric

end-member, with salinities close to 30 and above. This problem is in particular acute for the

TA-S triangle, which simply cannot separate between SIM and Meteoric water at such high

salinities. This shortcoming should be stated.

– The point of this graph was to show that we cannot use these end-members for deter-

mining the sea ice melt fraction in this region. We have no way of knowing which is the

more correct of the two. Both tracers show the same results for the determination of the

freshwater fraction however and can definitely be used there. The points regarding the

end member position with respect to freshwater in the S-d18O diagram was extensively

discussed in our previous paper. Will add this point to the previous paper summary and

move this discussion to a supplement.

– Moved to supplement

• Further, many sentences are very unclear and there is a lack of a real conclusion on what

tracers to use. What tracers where used to define the water mass fractions in the end?

– We use water mass fractions only to do the Yamamoto-Kawai 2005 sea ice melt normalisa-

tion of TA for purposes of comparison to the polynomial normalisation which is used. For

this we used the d18O as per their paper. The discussion on tracers and normalisation of

carbon data will be moved to a supplement. The revised manuscript will mention only the
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polynomial normalisation. This does not depend on any tracer.

– Moved to supplement

• Finally, the axes used for the panels in the two rightmost columns in Figure 3 (panels b, c, e,

f, h, l) do not have the same y and x axis (except panel h), and are not square. This makes it

very hard to evaluate deviations from a 1:1 relationship.

– An amended Figure 3 will be moved to a supplement

– Figure replaced

• My recommendations for the water mass analyses is to consider whether to use TA at all or not,

to revise the section to improve clarity, to make the conclusions with regard to what tracers

were used in the endmore clear, and to make sure that each panel in the two rightmost columns

have the same x and x axis and is square, so deviations from a 1:1 relationship can be more

readily evaluated.

– We don’t perform a water mass analysis in this manuscript. The hydrography and water

types present on the shelf were extensively discussed in our previous paper. We will men-

tion the hydrography in the summary to be added to the cruise description in the revised

manuscript.

– Moved to supplement

• The authors can also consider using OptimumMultiparameter Analysis (https://omp.geomar.de/node2.html),

for a more objective water mass analysis.

– This was considered (for our previous paper) and rejected because not enough tracers are

available for each source water type with clear, known, and differentiable values to do

this properly. Even if they were available, choosing the weights of each parameter can

introduce large variability in results.

– Not included

• Main comment 3: I found the discussion section (section 4) quite frustrating to read. The first

subsection (4.1) is a review of processes affecting alkalinity in the Arctic – but the pertinence

to the presented results is not clear – it does not help us understand what goes on in the study

region. Section 4.2 appears completely irrelevant, Section 4.4 summarizes many processes

but does not present a real conclusion of what goes on, Sections 4.3 and 4.5 should be merged,

and preferentially shortened.

– Since the freshwater in the study region is almost entirely obtained from the Arctic Ocean,

these processes are of paramount importance to the analysis of our data. This will be

made clearer in the next revision. Section 4.2 is certainly relevant since it shows that

water mass tracing in the region has been used in a problematic way (assumed to sum to
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0 while this is a pan-Arctic phenomenon and locally plus and minus melt cannot sum to 1

due to advection pathways of the different water masses in the Arctic) but it is indeed not

a result of our study and will be moved to a supplement.

– We no longer deal with tracers in the manuscript and their discussion has mvoed to the

supplement. The results and discussion have also been merged

Specific comments:

As above, since the document has been rewritten, not all comments are applicable to this version

of the text

• Line 11, I wouldn’t refer to Takahashi et al., 2014 as a modelling effort, it is a data synthesis

and interpolation effort.

– We will amend the text

– Updated as advised

• Lines 16-17, please include a citation for the later onset of sea ice cover in the region.

– We will add a reference, e.g. de Steur et. al 2023 show that in the Western Greenland sea

the ice

– We have added a reference

• Line 19, Arctic Amplification is largely a consequence of the sea ice loss: the ultimate cause is

global warming. Please rephrase.

– This is correct. We will rephrase.

– Arctic amplification is no longer mentioned

• Line 54-57, please provide information on how TS were used to group the profiles – even if this

is explained in Wilcox et al 2023, I find that it should be included here as well.

– We will add a section which summarises the main findings of the previous paper which ex-

plains the profile groupings and other major findings pertinent to this manuscript (such as

main water source location in the Laptev, low nitrate in the surface waters and the oxygen

maximum being ‘trapped’ in the winter mixed layer) in the cruise description section.

– A few paragraphs have been added describing the previous cruise

• Line 63-65, I believe the correct unit is µmol kg-1 - micro mol per kg, not mmol kg-1. An

uncertainty of 2 mmol kg-1 is 1000 times larger than the usual measurement uncertainty of 2

µmol kg-1

– Will be amended

– Has been changed
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• Figure 2, please add station positions also to the sea ice cover panels.

– Will update the figures to include the stations in the sea ice cover panels

– Figure has been changed

• Line 66, please subscript “2” in pCO2.

– Will amend

• Line 70-71, the depth of the mixed layer does not have any influence on the direction of air-sea

gas exchange, that is only determined by the atmosphere ocean pCO2 difference. The MLD

determines the mass of CO2 that can be absorbed/released before equilibrium is reached.

– Will amend the sentence to better reflect the actual processes

– These sentences were replaced in the rewrite. Any discussion of theMLD is currently more

focused on it’s rol in trapping the gases below it as evidenced from our measurement of

oxygen

• Section 2.2, a bit of validation of this approachwould be worthwhile; I suggest including figures

some typical T+S profiles with the thus determined MLD in the supplementary.

– This would be reproducing our previous paper. Figure 4 in our previous paper clearly

shows where in the water column the maximum N² (Brunt-Väisälä frequency squared)

is found with depth for each water type. We will add a sentence to the previous paper

summary in the cruise description section to make it clear at which depths the maximum

N² was found for each group and the relationship this has to the [O₂] maximum which is

just beneath it, and shows that the area beneath the maximum N² isn’t ventilated. This

should be sufficient evidence to support our claim that the N² maximum can be used to

determine the mixed layer depth.

• Line 85, note missing punctuation mark.

– Will add punctuation mark

• Line 95/Table 1, I find the end member value for alkalinity of 2267.33 at salinity = 34.9 very

low. For example, using the TA-S relationship determined for the Nordic Seas by (Nondal et

al., 2009) gives a TA of 2304 at S=34.9 (their Eq. 6). Simply inspecting the data available

from the Nordic Seas in GLODAP (Lauvset et al., 2021), makes it abundantly clear that 2267

is below what is usually observed at this salinity.

– This is the average value in our data for that salinity and therefore corresponds most

closely to the water found at that salinity in our dataset. It is indeed low compared to

Atlantic Water from lower latitudes. The Nondal relationship is arguably not relevant on

the Northeast Greenland shelf since the region is not part of the Nordic Seas, rather it

is an Arctic outflow shelf region, e.g. it does not receive the majority of its water directly
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from (return) Atlantic inflow. The water found in our dataset at a salinity of ~34.9 is

composed of two water types, Eurasian Basin Atlantic Water (which has been transported

around the Eurasian Basin in the Arctic Ocean and consequently cooled and modified) -

and- return Atlantic Water from the West-Spitsbergen Current. These two water types

may have different alkalinities. The latter enters the shelf mainly at depth though with

increasing shallow water incursions occurring with decreasing latitude. This will be made

clearer in the revised manuscript and figures.

– Low and high values for Atlantic Ocean vs North Atlantic Atlantic Water TA are now refer-

enced explicitly

• Seeing that this very low value was determined based on the author’s own measurements I

would like the authors to take a second look at this. As described in the 2023 Wilcox paper,

the titration system appeared well behaved when analyzing CRMs from Dr. Dickson’s lab. How-

ever, this does not rule out errors resulting from sample handling. With the fairly low sample

volume of 13 mL, the samples might be in particular vulnerable. Further QC of the data and

comparisons with other measurements is encouraged. This can be done using point-to-point

comparisons, or evaluating how these data fall along a TA-S line compared to other data. In

this, keep in mind that that the salinity data from the CTD might also be biased – as apparently

no at sea calibration of the CTD sensors was carried out. If the TA data are biased low, the

estimated pCO2 will be high. This will have implications for the sink source patterns that are

presented; further QC of the data is very important.

– These data were collected on two separate cruises, by a different single individual per

cruise and analysed in two separate labs (one for the first and a different one for the sec-

ond cruise). Although the volume of 13 mL seems low, the laboratory in Manitoba was

involved in an Inter-laboratory Comparison of Seawater CO2 Measurements managed by

Andrew Dickson’s laboratory at Scripps Institution of Oceanography with >80 laborato-

ries and our lab showed very good agreement with certified samples provided by Andrew

Dickson’s laboratory. Both cruises and labs have samples with low TA. We have looked into

our analysis data again and cannot find any errors. We are comfortable with our sample

storage and small volume analysis. We have other studies from the area where we find

higher TA values using the same procedure but they are from earlier in the season (Rys-

gaard et al., 2009; Rysgaard et al., 2012; Sejr et al., 2011). As we, to our knowledge, are

the only ones to sample for TA and DIC in this area and at this time we will have to rely on

our measurements. Finally, where the ‘Atlantic Water’ value seems low this is because it

is primarily ‘Eurasian Basin Atlantic Water’ which may be different from (return) Atlantic
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Water at the same salinity since it has taken a different path and may have been subject to

the addition of dissolved CO₂ rich brines which may have been buffered by the alkalinity

of this layer throughout its transport path around the Eastern Arctic.

– Possible reasons for variable Atlantic Water TA are mentioned in the dataset and all used

values are referenced

• Figure 3: Note that “Sp” as used on the axis labels has not been defined.

– We will homogenise the salinity term across the manuscript.

– Salinity or S now used throughout

• Figure 4: Please mention in caption that the color codes refer to the TS groups (Fig 1), here

and in all other figures where these color codes are used.

– We will clarify the colours in the figure caption

– The discussion in terms of TS groups was removed from the manuscript

• Line 115: Gas exchange should be included in this list.

– We will add gas exchange to the list. A large part of this section will be moved to a sup-

plement which goes into the choice to use the polynomial to normalise the data instead of

more commonly used techniques

– This sentence was lost in the rewrite

• Line 119: Sp does not appear in the equation. Sp and S are both used to refer to salinity in

many places in the manuscript, please stick to one of these.

– Will amend

• Line 125, ‘the highest salinity for the dominant water mass is usually used as reference’. Is

this correct? please include citation/example. My sense is that average salinity is frequently

used.

– The reviewer is correct and the section will be updated (Figure to be replaced by Figure

b) to reflect this change and also moved to a supplement.

– Changed wording and moved to supplement

• Line 126-127, the sentence here “This makes any …” is very unclear – what is exactly meant?

– What was intended was to argue that the use of reference salinities does not necessarily

lead to replicable results in environments that have multiple input sources since the refer-

ence salinity may vary. A salinity of 35 is also not representative for any processes taking

place in for example the PSW/cold halocline layer since this has already beenmodified, and

a salinity of 32 is not representative of the rAW which may be dominant at slope stations

at lower latitudes. Therefore finding the appropriate reference salinity in a multi-layer

and stratified environment is somewhat problematic even though it is the only option we
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have at this time. This sentence is part of the discussion on water mass tracing and will

be moved to a supplement.

– Moved to supplement

• Line 144-150: What exactly is the ‘sea ice melt water only correction’ (panel c values) and

how is this combined with the Friis et al (2003) corrected values to obtain the values shown in

panel e. Please provide an exact description of this methodology.

– The sea ice meltwater correction is the correction as described in Yamamoto-Kawai, et

al. (2005) which was referenced previously in the text. Will update the text to reference it

here again. The two are combined by running the Yamamoto-Kawai, et al. (2005) sea ice

meltwater correction method and then using the result as input into the Friis, et al. (2003)

method. A sentence to this end will be added to the manuscript.

– Modified, clarified, and moved to supplement

• Line 156. Use of the word ‘intriguing’. It is not clear from the text that follows, how these differ-

ences are ‘intriguing’, I am anticipating to see some surprises/something not anticipated/not

readily explained to be pointed out in the text that follows. This is not the case. Please point

out what exactly is intriguing or use a more neutral language.

– Will remove term ‘intriguing’

• Figure 5:

1. Please note that there is no reference to panel a in the

2. Please explain what the colors of the points signify.

3. Please use same range for both x and y axes in panel f.

4. In panel f, the axis labels should be nTA(predicted) for the x-axis and nTAeSsim for the y

axis.

5. The equations in the legend in panel f has slopes of -282.78 for TA and -329.95 for DIC,

this is far the 1:1 relationship, that is stated in the text (Line 149)

– The new version of this figure (above) will be removed from the main text and places

in a supplement

– Modified and moved to supplement

• Line 150-151, the sentence ‘particularly where no d18O data is available in a system….’ Does

not make sense and needs to be revised.

– The entire discussion on the choice for polynomial correction will be moved to a supple-

ment with the justification for the choice and referred to from the revised manuscript. This

should enhance legibility.

– Moved to supplement and rewritten
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• Line 160, surface layer values – of what?? – are lower.

– This section will be cleaned up to be more descriptive in the following version of the

manuscript and more clearly note when we are speaking of pCO₂, TA, or DIC

• Line 161, distinct difference – of what??

– As above

• Line 162, the broadest range of surface values — of what?

– As above

• Line 173, how were these points, 1, 2, 3, chosen.

– Will amend text to reflect these are not ‘points’ but general regions roughly indicating a

triangle

– Figure removed

• Line 174, frankly, the shape of the d180:DIC is very similar to that of d18O:TA; one can easily

fit most of the points in a triangle.

– Figure 7 will be replaced by another figure which more clearly makes the point that the

off shelf and slope stations where mixing with off shelf water occurs are the locations for

high pCO₂ and determine the effect.

– Figure removed

• Line 176-177, while I agree that the most extremely high pCO2 data falls on the line between

1 and 3, they are not clearly associated with the slope 1 group of data, as evaluated from Fig

7a.

– This graph was included because it sets our region apart from similar studies in the Arctic

where on a TA x d18O plot there is a clear pattern when data are coloured by pCO₂ showing

the effects of sea ice melt and meteoric water dilution independently through changes in

slope. Our data show no such thing. This seems to have gotten lost in our manuscript.

This will be made clearer in the revision by the replacement of this image with others and

by being more specific in the text. Figure removed

• Line 177, the ‘by average’ here is confusing, the 1-3 mixing line falls at lower TA and higher

d18O than the 1-2 mixing line. Please revise.

– As above

• Figure 6: For pCO2, I would recommend a red-white-blue color scale, with white being the

atmospheric levels; that would allow one to more easily discern under- and oversaturated

waters.

– It is unlikely that the journal allows red, white, blue colour scales due to their being un-

friendly to some forms of colour blindness but we will investigate more representative
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colour schemes and make colour bars categorical for clarity.

– Red white blue is certainly not an option due to having to tick the ’tested for colourblind-

ness’ requirement for submission. But clearer 3 colour schemes have been used where

possible

• Figure 10: Please indicate the location of the geographical features discussed in the text

(Young Sund, Belgica Trough etc.)

– Figure will be updated with labels of any regional features mentioned in the text

– Figure 1a in revised manuscript now shows areas mentioned in text

• Section 4.1: These are interesting deliberations, but the relevance and implications for the

scientific analyses that are conducted must be made much clearer. How do these processes

translate into quantitative uncertainties?

– It is not really possible to know what fractions of water comes from each of these regions

due to a lack of tracers and the (for example seasonal) variability in measurements of the

tracers we do have. This makes quantitative assessment of the alkalinity supply to the

Northeast Greenland shelf with so many different source waters and mixing processes

impossible at this time.

– Reasons why water mass tracing is unlikely to work are briefly touched upon in modified

manuscript

• Line, 257, this is a bit of repetition of the text at line 238-241.

– We will modify the text to be less repetitive

• Section 4.2. This discussion of the freshwater balance across gateways/in Arctic Ocean regions

is not at all relevant to the manuscript, please remove.

– Though we certainly consider this discussion relevant to the use of d18O as a tracer for

sea ice melt water and the assumption that brine is the negative of melt, this section will

be moved into a supplement together with the tracer discussion.

– Section removed to supplement

• Line 291-292, please provide a citation for this statement.

– Will add a citation e.g. Rysgaard, et al. (2009)

• Line 292-296, this brief methodological review appears irrelevant to the matter at hand.

– It is relevant to our discussion that our data do not show the same patterns (clear pattern in

of TA x d18O plot when coloured with pCO₂ which we do not have) as are seen elsewhere

in the Arctic. This should become clearer when the results and discussion section are

merged as suggested by the other reviewer.

– Results and discussion are merged. Details about water masses and tracers are moved to
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supplement.

• Line 296, what/who is ‘the same’ referring to here?

– As above

• Line 297, who is ‘their’ referring to here?

– If this sentence is reused once the results and discussion are merged, sentence will be

updated to include the papers referred to instead of ‘their’.

• Line 303-304, ‘Sp’ and ‘salinity’ used for the same property, stick to one.

– This will be changed

– Changed
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