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= Dear Dr. Toru Hirawake (Associate Editor) and Two Anonymous Referees =

Thank you very much for your courteous handling and reviews of our manuscript.

The revision was done following your constructive comments.

Before the detailed responses, we have three notes to be mentioned.

1) The manuscript title was changed a little bit (from “over” to “in”).
2) We found that the export of ice-derived PON into the water column was miscalculated in our previous experiments, so the corrected model program was rerun. As you can see the revised version, this correction had little influence on our simulation results and conclusions. 

3) We performed a number of sensitivity experiments, following the comments of Referee #2. Their results were inserted in Section 5, and summary was moved to Section 6.
The responses with other major/minor changes are described below.
We hope that this revised version satisfies all of you.
= Dear Anonymous Referee #1 =
The paper “wind-driven interannual variability of sea ice algal production over the western Arctic Chukchi Borderland” by Watanabe et al. is a coupled ice ocean-ecosystem model study evaluating potential causes for the large difference in observed particle flux from sediment traps for two consecutive years. The model study is nicely done and thoroughly looks at several environmental factors responsible for interannual variability in the region. Results show reasonable links to wind patterns and related nutrient transport as well as irradiance, which highlights the use of models for analyses like this. I hence recommend the publication of the paper with minor revisions on the science and major revisions in language, (see below).
Thank you for your positive comments. We responded to various useful advices, and tried to improve unskilled languages with assistances of an English editing service in the revised version.

Additional general comments:
The ice algae component is new and some components might need further question, e.g. the lack of zooplankton grazing within the water column and the hybrid nutrient supply. However, with respect to the limited observations on sea ice algal processes and the early stage of sea ice algal modelling in regional scale models, the applied parameterizations seem no less applicable than other published parameterizations, and hence appropriate for the study. However I am missing at least a few number intercomparisons, giving an idea if the ice algae biomass is within the limited observations of the area (e.g. does the Icescape study show any ice algae obs?).
Actually, there are many uncertainties on sea ice ecosystems, and more various processes should be considered for the model improvements. To address this issue, sensitivity experiments were additionally conducted and described in Section 5 in the revised version.

For the lack of observations a ballpark comparison with other ice algae models would also be helpful (works by Dean, Jin and Dupont are cited, but no number comparison given). And finally a comment should be added expressing that a proper evaluation of the ice algae model with observed data is simply not possible at the time due to the lack of data. For the future I would suggest including the model it potential inter comparisons of ice algae models, when they come up as part of a group exercise. It seems that the only actual observation used for comparison is the sediment flux/PON flux which doesn’t correspond very well with the model results. However, this is discussed in the paper and essentially shows how such observations can trigger a modelling study.
Thank you for this suggestion. In the revised version, the modeled ice algal biomass and primary production rate were compared with previous estimates based on field campaigns (e.g., Gradinger, 2009; Arrigo et al., 2010) and numerical modeling (e.g., Deal et al., 2011; Jin et al., 2012). Besides, in some sections, we noted that proper evaluations of the modeled properties, especially in winter, were difficult at this stage.
I think the paper would also profit from a discussion section, i.e. take out some of the discussion within the subsections of section 4 and combine in one discussion section. This might help to better link the various contributions to the discussed interannual variability.

In the revised version, Section 4.3 and 4.4 were replaced and rearranged.

Unfortunately there are some English language issues which make it hard to focus on the content. Particularly the authors seem to avoid the use of articles (the or a, about 100 in the whole article are missing), some are placed wrongly, sometimes they could be avoided if the noun would be used in plural rather than singular. I don’t think this should cause the paper to be rejected, but the issue should be improved before publication. I will not go through the effort to list every single one of those missing articles, but I am adding a scanned copy, which I hope will give enough indication of where articles should be. Further to the English language, there are a few cases where I think a verb has been used inappropriately, so it changes the meaning of the sentence. I am indicating those for the authors to make sure the meaning is understood correctly.
We really appreciate for your kindness to correct grammars. We rechecked all the sentences with helps of an English editing service.
Detailed comments:

7740
l2 – was reported => was recorded???
Modified

l20 rm certainly – superfluous
Removed
l21 The simulated sinking flux
Modified

l23 suggest: the ice algal patch with shelf origin (if that is what is meant)
Modified
l26 on=> of 
Corrected
7741
l11 => fill many gaps ??? observational gaps ?
Modified
L14 rm however
Removed
l21/22 This sentence does not make sense – rephrase
Rephrased
l26/27 What does the last sentence mean?

Rephrased
7742
l6 demonstrated => simulated ?
Modified

L16 was – is a 
Corrected
L16 A pioneer work => Pioneering Work
Corrected
L20 target region ? Modelled region?
Corrected
L27 reached three => reached values three

Corrected
L28/29 suggest: 
Seawater in the ocean surface column is => The ocean surface water is

Modified
7743
L10 lose – loose
Rephrased

L10 Modeling configurations

Modified
7744
L20 rm additionally
Removed
L21 called as => called

Modified
7745
L17-19 not clear if this is preset or out of the parameterization => clarify

The light extinction rate is given by a constant value. So, the ratio of light intensity in the skeletal layer to that absorbed into the sea ice surface depends on just sea ice thickness.
7746
L21-22 Unclear, please rephrase

Rephrased
7747
L20 How does respiration reduce biomass?
In our model as well as the original NEMURO model, budget of ice algal biomass is calculated by “[growth (GR)] – [respiration] – [mortality] and so on”. But, “biomass reduction by respiration” was surely an inappropriate phrase. So, “respiration” was removed in the revised version.

L23/24 This is stated multiple times in the text, I think it can be stated once and them be ignored (Why introduce the variable in the first place?)”
“ZI” was renamed to ice-related fauna “IF” (living in sea ice) following a comment of Referee #2. The phrase “zooplankton grazing on ice algae” meant “grazing by zooplankton living in the water column. This sentence was modified.
L27 The German...tested ..(ref) => Boetius et al. 2013 indicated rapid . . ..

Modified
7748
L19 vertical grid width => vertical resolution
Modified
L20 rm level 2x
Removed
L23 rm - in the 2011(2012)case

This part was moved to a previous sentence, because we needed to name these experiments for following discussions. “The 2011 (2012) case” corresponds to the model experiments throughout the manuscript.
7749
L1 Is there a reference or info to the prescribed Bering Strait inflow? 
Two references and short explanations were added.
L19 divided into
Modified
7750
L9 and 14 was => were
Corrected

Last paragraph, please clarify if you are still talking about the model
(e.g. compared with simulated sea ice conditions ?)
Modified

L22/23 The negative anomaly.... attributed to two melting events I think this should be “can be attributed” otherwise it would mean the lower sea ice causes the melting events rather than the melting events cause the lower sea ice???
Modified

7751
L27 rm area
Removed
7752
L12-17 Is this still ice algae or pelagic? Are there any numbers from observations?
We referred to ice algae in this paragraph. Besides, ice algal biomass and primary production rate were compared more with previous studies.
L22 rapidly improved => rapidly increased????
Modified
L28/29 same as before could be attributed not could attributed

Corrected
7753
L6 in landfast ice, rm one
Removed
L12/13 upwelling or downwelling???
In this sentence, “early winter” intended a period from October to early November when Ekman downwelling was dominant. Modified
L18 by up to

Rephrased
L21/22 nitrite content had to reflect =>nitrate content reflected

Modified
7754
L1 rm certainly
Removed
L17/18 which ranged lower => which had lower
Modified
L27 rm “timing” after beginning

Removed
7755
L1 recorded => simulated (?)
Modified
L8 in sea ice => of sea ice
Corrected
L16/17 The use of would implied that it would have done that but it actually didn’t, it is not clear if this is what the authors want to say. If so please add why it didn’t

Rephrased
7756
L3 which warm pool
“warm water pool” meant “warm water area along marginal ice zones”, which was not shown in any figures. This sentence was revised.
L7 induced Ekman . . . => unclear, please clarify

This part was separated to two sentences.
L15 preconditioning, rm certainly
Modified
L22 abundance => concentrations of nitrate were
Modified
7757
L2 was fixed or was initialized?
The tracer value in the defined shelf-break region was continuously fixed. Modified

L9-11 Besides ...coast – I do not understand this sentence, please rephrase
This part described a model performance of the tracer experiment, but was not directly related to the NAP region. Removed
L18 January of 2011 and 2012 (rm seasons)
In this sentence, the years of “November” were 2010 and 2011, respectively. The word “seasons” was rephrased to “winter periods”.

7758
L2 What is basin side plankton biomass?
“basin-side plankton” meant “plankton in the western Arctic basin”. Rephrased
L11-12 Besides . . .
This sentence missies at least one word to understand it, please rephrase
Corrected

L17 intend mortality => lead to loss

Modified
L23-25 unclear, please rephrase

This sentence was removed because of less importance.
7759
L6 The flux amount was underestimated
Corrected
L8 rm was before originated
Corrected
L10 took ??? => was
Modified
L11-12 The 67 – Don’t understand this sentence, please clarify
We would like to show a ratio of PON flux at the shallow trap to the ocean surface flux from the sea ice bottom. Revised

L14 The simulated PON flux (?)
Here and below make clear when talking about model and when talking about obs!
This paragraph was revised following your comments.
L23 the cold core eddy which was generated by a narrow jet

or the cold core eddy that generated a narrow jet ???

The former is right. Corrected
I would consider putting the following section or at least part of it into a discussion, since it links the PON flux with the previous investigation of physical structures (wind etc)
The original Section 4.4 was replaced with Section 4.3 and rearranged in the revised version. A part of discussion on PON flux was moved to Section 5.3.
7760
L2 The surface flux which was remarkably
Modified
L7 sea floe => ice flow
Modified to “sea ice floe” (meaning a piece of sea ice pack)
L8 It was => it is
Corrected
L11 attributed to=> from
Modified
L14 wind speed or vector wind????
“wind speed” (an absolute value of wind vectors) was correct.
L15 paid attention => considered
Modified
L19 did => does
Corrected
L26 deepening of the trap from 260 to 320m suggests an inclination
Modified
L29 could => can
Modified
7761
L1 rm from ours , would => should

Modified
L15-17 This sentence needs to be rephrased
In this sentence, “pelagic diatom” was rephrased to “phytoplankton”, and “higher-trophic plankton” was rephrased to “zooplankton”.
L21 remains => contains or suggestion: 

A lot of uncertainties still remain with respect to the PON sinking process.

Modified
L23 Suggest

Biogeochemical structures in the western Arctic

Modified
7762
L5 assumed => suggested
Modified
L11/12 sentence confusing, I think it should read:. . . northwesterly wind associated with an extension of the Siberian High distributed oligotrophic water from within the Canada Basin toward the northern Chukchi shelf.(??)

Modified
Figures/captions

Figure 2 caption

decomposition (December) – looks like an autocorrect error...

Thank you for your notice. Although we described “(Dec)” in the submitted manuscript, this error in the printed version was overlooked.

Figure 3 caption non-dimension => non-dimensional

Corrected
Figure 4/(6)/7,(8)

It is really hard to see what is the dashed line, maybe use a light grey or colored line instead???

Black lines were changed to colored lines.
Figure 6 caption
I do not understand the last sentence

“The column content” meant “the content integrated vertically in the sea ice column”.
This sentence showed just the unit conversion from “m-2” to “m-3”.

Figure 9
captions suggest giving the color coding after the indicator variable
e.g, skeletal layer (blue lines) . . . water column (pink lines)
suggest change: Total PON fluxes of (red lines) model outputs and (gray bars) trap values . . .. to Total simulated (red lines) and observed (gray bars) PON fluxes at 180m.

Modified
Fig 11
The thin white lines indicating the isobaths cannot be seen, hence get confused with the thick white contours. Any other color options????

Color of isobaths was changed to orange.
Please also note the supplement to this comment: http://www.
biogeosciences-discuss.net/12/C3000/2015/bgd-12-C3000-2015-supplement.pdf
We sincerely appreciate your kindness.

The manuscript was totally revised following your notes.
= Dear Anonymous Referee #2 =
The study by Watanabe et al. focuses on the output of a lower trophic ecosystem model for the Arctic Ocean, including sea ice algal components. It demonstrates the relevance of wind, and the resulting ocean physical and biological responses including the vertical export of biological material from the euphotic zone with a focus on the relevance of the sea ice component. This is an interesting research idea and question, and the model output demonstrates interannual variability in the biological response due to the physical environment. As such the research questions and many parts of manuscript deserve to be published. However, it requires substantial revision to clarify its contents and make it most useful for the reader.

Thank you for your positive and many constructive comments. We addressed each suggestion with more information.
First I would like to state, that the entire manuscript requires substantial language editing by a native speaker, as frequent language issues are distracting from the contents. This is going to be a substantial task.
We apologize for distractions owing to unskilled English writing. The manuscript was totally revised with assistances of an English editing service.

Secondly I encourage the authors to make a stronger link between the model output and the observations from the field. This has not been strongly developed so far and is missing in many sections.

Whereas we focused on seasonal transitions from winter to early summer, unfortunately, in-situ data of nutrients, chlorophyll, even temperature and salinity could not be obtained in the NAP region during the target periods. We also recognized lacks of model validation data and in turn insufficient information triggered model experiments. In this situation, what we could do was comparisons with previous studies, although main target region and period were different from ours in most cases. In the revised version, various estimates based on observational and modeling works were cited to validate the simulation results.
I recommend to restructure the manuscript according to a more conventional style so that the authors truly provide a thorough discussion of the various aspects of the model output. This is by far the weakest part of the manuscript, which reads in large parts more like a report than a peer reviewed publication. The authors should also be asked to reflect the current state of the literature. It appears to be very important to more clearly explain the building blocks of the model and justify the chosen variables and parameters, followed by a sensitivity analysis. All model output should be compared to field observations.

Discussions about the model outputs were added throughout the revised manuscript. We performed various sensitivity experiments and described their results in “new” Section 5.
Specific comments:

Abstract
The abstracts provide a general overview about the study purpose and the outcome. It will be much clearer after a language editing.
We revised the manuscript following comments from a language editing service.
I suggest to add the depth of the sediment traps (line 6).
Added
I have a major issue with the use of sediment trap to understand sea ice algal primary productivity. Statements like in line 13 are wrong, as traps only capture export production and not true in situ primary production. The abstract highlights the differences in the model output and field observations and the interannual differences.
“Seasonal experiments” in line 13 intended “model experiments (the 2011 and 2012 cases). Rephrased

Introduction
The introduction provides a short overview about the research question of vertical flux measurements, sea ice algal modeling and fate of sea ice algae after ice melt. It appeared to me rather unstructured, and the readers were left alone to link the various sections.
We appealed that the present study focused on various relationships of wind-driven dynamics with ice-related biogeochemical processes using a high-resolution three-dimensional model in the revised version.

The references appear outdated in many parts, and some of the information is misleading or wrong. Several key papers about primary production, vertical flux and shelf basin exchange for the Chukchi/Beaufort Seas are not used to make the case. For example: newer models dealing with ice algal activity include Duarte et al. 2015 (J. Mar. Systems), work by Tedesco, or Moreau et al. 2015 (J. Geophys Res.). For Chukchi Sea: Moran et al. 2005 - flux (Deep Sea Res.), Gradinger 2009 – sea ice algae (Deep Sea Res.) Again thorough language editing is needed to clarify the scientific message.
The references were updated throughout the revised version. Three chapters in the “Sea Ice” book were also checked and cited [Leventer et al., 2003; Arrigo et al., 2010; Bluhm et al., 2010].
Pg 7742, line 4:
how can relative abundances suggested nutrient conditions, not clear from the text.

Nutrient conditions in the euphotic layer could be deciphered in diatom flora compositions. The lower sinking flux of total diatom valves and the larger ratio of oligotrophic species observed at Station NAP in 2012 indicated substitution of upper water masses from shelf-origin waters to surface waters of the Canada Basin. This part was revised.
Pg. 7743, line 5:
not clear to me: during freezing brine convection is a major supplier of nutrients into the ice, as well as boundary layer processes.
Dupont [2012] assumed that nutrients imported via sea ice freezing had minor contribution to “ice algal bloom”, compared with them provided by boundary layer processes. On the other hand, our model considered both processes. This part was revised a little bit.
Same page line 11: the statement that melt causes sea ice algae to be detritus is wrong – by definition, they are then phytoplankton. Detritus is defined as dead organic material.
Modified
Material and methods

Section 2 explains the model components. It uses an established model for ocean properties. The sea ice component is explained in general, however it lacks detail to fully understand the applied approach. It is hard to assess the value of the output if there is great uncertainty in the validity of the input. For sea ice, they suggest a maximum growth rate of 0.8 per day for sea ice algae. This appears to be high compared to the maximum rate suggested by Eppley (1972) of 0.85 – how were temperature effects compensated? 
Parameter values in the sea ice ecosystem model were summarized in Table 1. Model uncertainties were addressed through sensitivity experiments in Section 5 in the revised version. As skeletal layer temperature is kept almost at the freezing point of sea water, a relationship of Q10 = 2 adopted in the present model did not have substantial impacts on ice algal production.
The nutrient exchange calculation is difficult to follow. The sea ice algae are exposed to the brine nutrient concentrations and not bulk concentrations of melted ice– did they include brine pumping during freezing? How were conditions in the brine calculated? Are any of the suggested variables and parameters for determining the algal growth response related to any published measurements or are they just guesses – this needs to be much better explained for all algal growth variables. I suggest to include a table similar to Diane Lavoie (2005) modeling paper table 1, including references for the used variables and parameters chosen.
We know some 1-D models that explicitly calculated brine processes (e.g., gravity drainage). However, the incorporation of detailed structures in sea ice interiors such as brine pockets and channels is generally difficult for 3-D climate models. Reasons are put on a wide range of subjects from technical problems of advection scheme and to necessity of enormous computational resources. Therefore, we regard the skeletal layer as the reservoir of total imported nutrients under an idealized assumption. The additional explanations were inserted in Section 2.2 and 5.2 in the revised version. In addition, parameter values in the sea ice ecosystem model were summarized in Table 1, and the references were introduced in Table 1 caption.

As a side note – there is no zooplankton in sea ice – check the definition of plankton. You should use the term sea ice fauna or sympagic fauna for those animals living inside the ice. However there is true feeding of zooplankton on sea ice (e.g. Durbin 2013 paper from Bering Sea).
Thank you for these comments and information. The term was modified to “ice-related fauna”, and a grazing process in sea ice was tested in a sensitivity experiment (Case 4) in the revised version.
Regarding the export – it is not clear from the paper, whether any part of the released sea ice algae are consumed in the surface waters by zooplankton or stay there as part of the phytoplankton community to start the pelagic spring bloom – how are these two processes included? Also dissolution of diatom frustules can be substantial –accounted in any way?
In the original case, ice algae released from the sea ice bottom became just sinking materials without biological activities (i.e., no photosynthesis and zooplankton grazing pressure in the water column). These processes were addressed through sensitivity experiments and discussed in Section 5 in the revised version.
Section 2.3
I would like to know whether the pacific inflow matches the observations from e.g. Woodgate and others.

The prescribed velocity, temperature, and salinity were based on Woodgate et al. [2005]. References and short explanations were added.

I do not understand pg 7749, line 5: does “dissolution” refer to bacterial remineralization including e.g. annamox processes or what is meant by this? 
Here, we referred to decomposition and remineralization processes shown in Figure 2.
Anammox processes were not included in our model yet. 

Same page, line 8: what is the lower limit of ice algal concentration?
As the import of ice algal seeds from the water column was not represented in our model, the setting of a lowest value of biomass is necessary for initial ice algal growth. Otherwise, the modeled ice algae cannot start the blooming even when light and nutrient are available. Such treatment is generally used in marine ecosystem models (e.g., Zhang et al., 2010). This sentence was rephrased.
Section 2.4
The traps were deployed in two very different depths in the two years – any impacts on the results? Also why were PON filters acidified? Did you remove swimmers prior to analyses from the filters?
The additional explanations were inserted Section 2.4 and 4.3 in the revised version.
Section 3
The biological representation of the model output is rather limit. N to Chl ratios can vary widely, and comparisons are made to outdated review papers (e.g. Cota et al. 1991) – here a thorough discussion of model output in comparison with real data is needed. E.g read studies by Sang Lee. Also I would encourage the authors to conduct a detailed sensitivity analysis – see e.g. studies by Jin.
References for model validation were updated. And, we performed various sensitivity experiments and discussed their results in Section 5 in the revised version.
The section of imported nutrients does not offer anything new – this has been published several times how important the pelagic nutrient pool is for sea ice algae – again, here it needs a more in-depth discussion and comparison to observational data.

The performance of hybrid nutrient uptake formulation was discussed through sensitivity experiments (Case 2) in Section 5.2 in the revised version.
Section 4
Section 4.1
Data on ice velocity seems reasonable, this section is lacking any comparison to observational data.
SLP and wind fields have been obtained from popular reanalysis products partly reflecting field data. Ekman transport in the southern Beaufort Sea was estimated with a previous study (Yang, 2009). Direction of sea ice motion was additionally compared between satellite-based and modeled daily time series.

Section 4.2
Again more or less a description of the model output and no discussion of the output. The flow regime in the area is complicated as outlined in many peer reviewed papers, that could form the basis for a discussion. The 2014 book chapter by Kinney et al. provides a useful analysis for the Bering sea region. Weingartner et al. 2013 for Chukchi Sea etc.
The flow regimes in the Chukchi Sea and shelf-break regions have already been analyzed in our previous papers [e.g., Watanabe and Hasumi, 2009; Watanabe, 2011; Watanabe et al., 2012; Watanabe et al., 2014]. So, the detailed descriptions on shelf circulation were omitted in the present manuscript. Instead, vertical nitrate profiles in the NAP region were added in Figure 11, and we further referred to the contribution of lateral transport in the revised version. Finally, the findings obtained by this 3-D modeling were linked to the observed diatom compositions.
Section 4.3
The analysis of the impact of various environmental factors on ice algal productivity would benefit from a sensitivity analysis (see above).
Original Section 4.3 was replaced with Section 4.4 in the revised version. We performed a sensitivity experiment, where no biogeochemical processes in the sea ice column were calculated in August 2012. The result supported that lateral advection was essentially important for the biased PON flux.

Section 4.4
Good that the authors conduct a comparison of field observations and model output in this section. I recommend to explore further the role of advective processes leading to sedimentation event (for 2011 May peak). I did not find a clear explanation what happens to the ice algae during periods of strong ice melt (e.g. loss of 4 cm d-1) – are all the algae lost into the water – and how is growth reseeded in the new bottom layer?
Section 4.4 was replaced with Section 4.3 in the revised version. As no ice-related taxa were trapped at Station NAP in May 2011 [Onodera et al., 2015], we plan to explore this early peak in future papers. In the present study, ice algal production was focused on. In the original case, all of ice algae exported to the water column by melting release was included immediately in the ice-related PON without being suspended and seeding. One sentence was added, and a sensitivity experiment (Case 4) addressed this process in the revised version.
