We appreciate the Reviewers’ valuable comments and have made significant changes to the
manuscript. In the process of addressing all the comments, we have narrowed the scope of the
manuscript, which all reviewers noted was overly broad. By removing material that fell outside
of the new scope, we have been able to add new content to strengthen the link between results and
discussion without unduly lengthening the overall text. As a result, the focus of the manuscript
has changed from the discussion of indirect and direct impacts of sea ice change on communities,
to the assessment of such changes using locally-relevant indices developed from large scale
datasets and local knowledge.



Reply to Referee #1
Impacts of a lengthening open water season on Alaskan coastal communities
Rolph et al. (2017), tc-2017-211

We would like to thank Referee #1 for his/her constructive comments, which have helped improve the
quality of the paper. We present below our detailed responses to the comments in blue.

1. Overview and major comments

This paper aims to use the Historical Sea Ice Atlas (HSIA) to assess potential direct and indirect
impacts from sea ice change for 3 (or 4) Alaska communities. Unfortunately, the analysis described
does not sufficiently support the paper’s conclusions, due to a lack of focus and a clear connection to
the primary analysis. The paper simply tries to cover too much ground. Further development,
extension, and quality-control of the HSIA analysis is recommended, with additional explanation of the
physical context of the sea ice environment at study locations, and more explicit linkages to community
interaction and feedback regarding key impacts.

In order to provide more explicit linkages to community interaction and feedback regarding key
impacts, we have introduced new indices that are based on community knowledge and experience, as
reported in other studies. We have also drawn upon an additional data product (WRF-downscaled
ERA-Interim winds) in the calculations of the new community-relevant indices. Specifically, the
augmented set of indices includes: the number of 'false freeze-ups' (number of times ice concentration
oscillated above and below the threshold value before true freeze-up was finally achieved), 'false break-
ups', timing of freeze-up and break-up, the length of the open water duration, number of days where
the winds are too strong to hunt via boat (wind speed thresholds from Ashjian (2010), and number of
wind events capable of performing geomorphological work or damage to infrastructure from creation
of waves and storm surge (using the definition of these wind events from Atkinson (2005) and Solomon
(1994). By building our analysis around these metrics, we demonstrate how local and indigenous
knowledge can inform use of a large-scale dataset to form locally-relevant indices describing change in
sea ice conditions, which also leads to changes in the duration and strength of winds over open water.

Review metrics:

1. Does the paper address relevant scientific questions within the scope of TC?

Yes, but it is encumbered by side issues.

We feel that we have managed the side issues by refining the scope of the paper, but without more
details about these side issues we cannot address this more specifically.

2. Does the paper present novel concepts, ideas, tools, or data?

Partly, but not fully realized.

We are not aware of any other study which has based a study on these indices for the communities
examined in this study. We also feel that the newly added indices further demonstrate the value of a
more generalized method to apply large-scale datasets to examine locally-relevant impacts of
environmental change.



3. Are substantial conclusions reached?

No.

We have provided new conclusions about the recent decades (1979-2014) of the following indices for
three communities: Number of false freeze-ups, number of false break-ups, number of open water days
deemed too windy for offshore subsistence hunting, number of wind events capable of performing
geomorphological work (erosion) or damage to infrastructure or habitats. From 1953-2013, we have
also presented changes in the timing of freeze-up and break-up for the communities of Kotzebue and
Shishmaref. In Utqgiagvik, there has been an approximate tripling of the number of wind events capable
of significant coastline erosion from 1979-2014. We believe that our documentation of changes in the
various indices have led to new conclusions about environmental changes of dual relevance to Arctic
coastal communities.

4. Are the scientific methods and assumptions valid and clearly outlined?

No — though if better explained and more thoroughly executed they may be.

We appreciate the reviewers comments and have expanded in the methods section. Specifically, we
have outlined how we have used each reference pertaining to the appropriate index, and explicitly how
we have used the climate-related thresholds (e.g. sea ice concentration or wind speed) in the
development of each index timeseries.

5. Are the results sufficient to support the interpretations and conclusions?

No — the discussion section relies too little on the results of the analysis.

The discussion has now been organized into subsections, each of which builds upon results from the
previous subsections, leading to conclusions about marine access and coastal vulnerability.

6. Is the description of experiments and calculations sufficiently complete and precise to allow their
reproduction by fellow scientists (traceability of results)?

Only in part. The method of recalculating the Barnett Severity Index (BSI) was not given.

Based on this and other review comments about the necessity of the BSI, we have removed the BSI
(including its use and discussion) from the manuscript. Previously, we had cited Drobot (2003) for the
methods of calculating the BSI.

7. Do the authors give proper credit to related work and clearly indicate their own new/original
contribution?

Mostly.

Without further specification of which related work this pertains to, we cannot address this comment in
detail, but we have made an effort to clearly outline (in Section 2) how our indices were developed by
using appropriate references that have used indigenous knowledge, especially in the revised methods
section.

8. Does the title clearly reflect the contents of the paper?

The title is nominally accurate but the paper does not succeed due to overreach.

Our title in our original manuscript is “Impacts of a lengthening open water season on Alaskan coastal
communities.” In our revision to the reviewers comments, we state how each of our indices relates
directly to impacts on Alaskan coastal communities. Moreover, trends found in most of the indices are
also directly related to the lengthening open water season. We have decided to add a subtitle such that
now our title reads “Impacts of a lengthening open water season on Alaskan coastal communities:
deriving locally-relevant indices from large-scale datasets and community knowledge”



9. Does the abstract provide a concise and complete summary?

Improvement is needed.

Since we have changed the focus of the paper from analyzing direct and indirect impacts to the
development of the locally-relevant indices, and have changed the abstract accordingly.

10. Is the overall presentation well-structured and clear?

No.

We appreciate this comment, and have made a major effort to re-organize the manuscript such that each
index has a corresponding appropriate subsection. The subsections are linked throughout the Methods,
Results, and Discussion main sections.

11. Is the language fluent and precise?

Improvement is needed, especially toward the use of plain language instead of jargon.

We have reviewed the wording for jargon, but would appreciate more detail in order to address this
comment. For example, we have added a description of what ‘rotten ice’ is in the Introduction section
(partially melted and weak). We have also made an effort to be descriptive of the added dataset (WRF-
downscaled ERA-Interim) for readers who are unfamiliar with this dataset.

12. Are mathematical formulae, symbols, abbreviations, and units correctly defined and used?
Yes.

13. Should any parts of the paper (text, formulae, figures, tables) be clarified, reduced, combined, or
eliminated?

The organization of the paper is poor, it attempts to cover too much ground on the basis of too little
new analysis, and it would be improved by substantially editing the discussion section down to those
questions clearly related to the HSIA analysis. The quality of the figures is low.

We have removed the BSI in response to the “attempts to cover too much ground” comment, and we
have sharpened the focus on the user-relevant indices. As mentioned in our response to comment #10
above, we have reorganized the Methods, Results, and Discussion into their own subsections such that
each index we have developed can be clearly followed from how it was calculated from the large-scale
datasets of HSIA and newly-added WRF-downscaled ERA-Interim dataset. The quality of the figures
has been addressed by replacing some of them.

14. Are the number and quality of references appropriate?

References for recent sea ice research papers are lacking; references to similar studies on indigenous
knowledge of sea ice for the St. Lawrence Isl. communities, for example, are incomplete.

We have now restructured the paper such that the references citing community-based knowledge that
we have used to develop thresholds are a central component of the paper and clearly described in the
Introduction and Methods. References pertaining to walrus harvest and how open water impacts the
sea ice conditions (accelerates the break-up of shore-fast ice), have been added to the restructured
Discussion section concerning the transition period between ice and open water. For example, the
reference Krupnik (2002) has been added there.

15. Is the amount and quality of supplementary material appropriate?
N/A



Abstract:

The abstract could be more concise with the removal of some unnecessary phrases like ‘It is often
remarked’ (Pg1 L1) which only weakens the statement that ‘Alaska coastal communities are on the
frontlines...” This statement has been removed. Also the phrase ‘navigational regime shift’ (Pgl L11) is
not the best choice given the freighted meaning of the term ‘regime shift’ in the physical sense, and
further obscured by reference to ‘navigational’. One could simply state that the impact of ice conditions
on vessel operations near Utgiavik (Barrow) have eased since ... [because]. The term ‘regime shift’
here and elsewhere is an example of jargon that doesn’t add materially to the paper and should be
avoided as it is not essential to the work at hand. The reviewers comment here refers to the shift seen in
our extension of the BSI timeseries. As noted earlier, we have followed recommendations of the other
reviewers and removed the BSI in the new version of our manuscript.

Introduction:

It would be helpful to mention the role of the Barnett Severity Index (BSI) since it is highlighted in the
abstract. It is also reasonable to provide the specific date range of the study, and a general sense of the
application of “community feedback and interaction” with the research team, or, if indirect, the sources
of indigenous knowledge incorporated in the study (i.e. collected interviews of elders, joint review of
archived interviews, previous published work, etc.). It may also be appropriate to mention work by I.
Krupnik, for example, that is of a similar nature. The introduction would also be a good place to
mention the specific communities discussed in the paper (note that the community of Wales is
introduced in results section 3.2 for the first time). For this paper an organization statement in the last
paragraph of the introduction would be useful. We appreciate the comments here and have changed the
introduction substantially. As mentioned previously, the BSI has been removed from the new
manuscript and so is no longer in the introduction. We have mentioned the work done by I. Krupnik
(2003) which is highly relevant. The introduction is also where we have now clearly outlined the work
of Ashjian (2010), Atkinson (2005), and Solomon (1994) which have each identified thresholds using
indigenous knowledge necessary for developing several of the indices now presented in this paper
which did not exist previously (such as number of days ‘too windy’ for subsistence hunting via boat,
and wind events capable of doing geomorphological work or damage to infrastructure). We have also
added a statement near the end of the introduction, outlining the paper’s contents and organization.

Data and Methods:

The structure and completeness of this section could be improved by separating and briefly addressing
each element identified previously, for example: a) HISA and its underlying data and related
issues/benefits for the specific period of the study (e.g. blend of surface and satellite obs, use of
microwave data near the coast, impact of quarter-monthly resolution); b) sources of indigenous
knowledge used in the study and how they were used; c) selection of study areas and reference HISA
grid cell locations in light of (b) or otherwise; d) selection of metrics, as in 30% ice concentration
threshold (Serreze et al. 2016 doi:10.1002/2016JC011977 provide a good rationale); e) BSI, which is
absent in this section and the introduction but mentioned in the abstract — this is especially important as
the BSI index uses sea-ice inputs only for the area north of Barrow and along the coast to Prudhoe Bay,
hence its extension to distant study areas should be justified, and particularly given Barnett and
Drobot’s cautions regarding use of historical data prior to ~1978 and the impacts of potential ice loss
on the utility of the BSI; losses that have now taken place. We have restructured the Data and Methods
section as suggested by the reviewers comment here. It is now organized into subsections, which
describe the datasets used (HSIA and WRF-downscaled ERA-interim products), the methods for
selecting grid cells representative of each community and the derivation of locally-informed indices
The Serreze et al (2016) reference has been added as per the Reviewer’s suggestion.



f) some brief general description of how direct and indirect impacts will be evaluated in light of results
(e.g. erosion, travel for hunting, prey availability, transition season, as well as indirect ones) would be
useful here. There are elements more appropriate for the introduction and/or discussion section
included here that should be removed (e.g. line 13 and following). Since we have removed the BSI,
lines 13 and following have also been removed. Based on this and the other reviewer comments on the
need for a refined scope of this manuscript, we have shifted the focus of the paper from the differences
between direct and indirect impacts, to the development of locally-relevant indices utilizing two large-
scale datasets of HSIA and WRF-downscaled ERA-Interim. As such, a ‘brief general description of
how direct and indirect impacts’ are evaluated is no longer relevant in this case.

Results:

The issue with Barrow in the first paragraph requiring an alternate calculation for break-up date should
be explained in the methods section, and especially justifying the linear interpolation. It appears that in
some years the ice never moved back sufficiently from the coast, and thus the interpolation leads to the
inference of a condition that may have never physically existed. Inspection of the pertinent variables
given by Barnett (1976) show 11 years (of 23 examples) 1953-1975 where the sea ice did not retreat at
all (as measured in nautical miles), or not far enough to be detected in the reference grid box (esp.
1975). We have removed the linear calculation for Barrow because some years indexed did not have a
true ‘freeze-up and break-up event’. The number of false freeze-ups and false break-ups have been
given for Barrow from the ERA-Interim dataset, as explained in the new version of the manuscript, and
we feel this is a better representation of the change being seen there. Interpretation of these results
depends on the physical context that helps explain why differences exist between the various study
locations. For example, ice cover near Wales is influenced by the dynamics of the Bering Strait inflow,
and local/advected solar heating in this and especially the Alaska Coastal Current (ACC). The ACC is
not well observed by the Bering Strait mooring array (Woodgate 2012 and related papers) and should
probably be considered by reference to additional sources. The Kotzebue area is dominated by fast ice,
influenced by local solar heating, river discharge plumes and related freshwater stratification, and
factors related to the ACC at the outer edges, and is probably less sensitive to dynamics (i.e. ocean
currents, wind-driven flaw leads, etc.) until later in the break-up process, compared to other locations.
The amount of open water in Barrow, until recent decades, was defined primarily by the width of the
lead between the coast/fast ice edge and the heavy polar ice pack (e.g. Hunt & Naske 1977), which is in
turn influenced by (among other factors) large-scale atmospheric patterns such as identified by Barnett
(1976) and others since. An important factor at Barrow then may be the major loss of multiyear ice in
the recent period, and accompanying changes in the mobility and strength of the ice pack. This is
perhaps the most important distinction between Barrow and other locations where first-year ice has
been the norm over the entire study period. The organization of the results section could be improved,
perhaps by treating each phenomena as a sub-section, and by adding some analysis of the physical
context required to understand why the observed differences may exist. This may well throw light on
how communities’ experiences and responses vary in the face of change to be discussed in following
sections. Most sections may benefit from an opening remark explaining what follows and its
organization (this is often done in the last paragraph of the introduction as well).We have responded to
this comment by adding a detailed description in what we feel fits best into the Discussion subsection
‘Increases in the number of windy days over open water and open water duration’. This description
more clearly discusses the trends in the results section of the change in open water days, and includes
the suggested comments about freshwater input from Kotzebue Sound and the loss of multiyear ice
from Barrow. We have also added the reference (Section 4.2) of Ahlnas and Garrison (1984) which
discusses how the warmest water during the summer in the Chukchi Sea occurs in Kotzebue Sound,
and also the extent of the Alaska Coastal Current. We have added as the reviewer has rightly suggested
organizational sentences to the start of each subsection, as well at the end of the Introduction.



Discussion:

The connections between the results of the analysis of HSIA data and the generally vague and
unfocused discussion sections are unclear. Finding that there have been various changes in the timing
of break-up, freeze-up, and open water duration is not novel in itself, though the impact on
communities may be, if better explained by the specifics of the HSIA analysis here and its linkage to
indigenous knowledge. We understand this could be interpreted as unclear, and feel that the addition of
the locally-relevant indices in their own subsections (4.1, 4.2, and 4.3) makes for both a more
connected and clearer analysis/discussion of the results. At points in the discussion the authors
undermine their purpose with statements like: “Comments like this highlight the complexity of the
transitions between open water and ice-covered seasons. It therefore might be problematic to simply
use a sea ice concentration threshold to define the shoulders of the break-up and freeze-up transition
seasons. We examined variability in the duration of the 0-30% period, but found no significant trends”
(Pg 8 L1). This is rather discouraging to the reader. This statement has been removed in the discussion.
We believe that the number of ‘false freeze-ups’ (number of times ice concentration oscillated above
and below the threshold value before freeze-up was finally achieved) and ‘false break-ups’ compared
between the communities examined provides a more robust representation of the changes happening in
each community during the transition season. The BSI is introduced in discussion section 5, where the
authors describe extending the index from 2000 to 2013, but do not explain specifically how or why
(which should have been done in data and methods if this was an important component of the paper).
Then they report that the original index and the extended index (HSIA BSI) don’t agree very well and
this may be due to basic incompatibility of the input data. The BSI is not mentioned again until one
sentence in the conclusion, which begs the question of why it was in the paper at all. It would be
interesting to know if the BSI is still used for long-range sea ice forecasting (its original purpose) or for
other reasons, but its inclusion in this paper is not warranted. We agree with the reviewer, and the
inclusion of the BSI is not necessary for the main points of this paper. We are able to demonstrate,
without the BSI material, the use of local information to guide analysis of temporal variability based on
large-scale datasets. The trend of the BSI also matches the number of open water days in Utqiagvik
well, and since the latter has remained in the paper, we feel this is another reason the BSI should be
removed for clarity and conciseness.

Conclusions:

Relationships between the specific HSIA-based sea ice analysis reported here and impacts of a
lengthening open water season on Alaskan coastal communities are not clearly shown, especially with
respect to community interaction and feedback.

Based on the comments of this reviewer and the other reviewers, we have shifted the focus of the paper
to the use of metrics informed by community knowledge to assess local impacts of sea ice change
using larger-scale datasets, as outlined in our response to “Overview and Main Comments” above.
When viewed in the context of the temporal variation documented here, this can give meaning to how a
changing climate is impacting Alaska coastal communities. We have changed the Conclusion section
to reflect this, where we summarize our findings on the changes in these indices for each community
examined.



Reply to Referee #2: Interactive and Supplementary Comments
Impacts of a lengthening open water season on Alaskan coastal communities
Rolph et al. (2017), tc-2017-211

We would like to thank Referee #2 for her constructive comments, which have helped improve the
quality of the paper. We present below our detailed responses to the comments in green.

G. Ljubicic (Referee)
gitaljubicic@cunet.carleton.ca

Received and published: 30 November 2017

Interactive comments:

1. Does the paper address relevant scientific questions within the scope of TC? Yes.

2. Does the paper present novel concepts, ideas, tools, or data? Yes.

3. Are substantial conclusions reached? They need to be better supported.

Based on the reviewer’s comments, we have restructured the paper to emphasize the results and
discussion most directly relevant to the main conclusion: community-based metrics of sea ice have
changed in recent decades. Please see our response to Reviewer #1, Question 3: We have provided a
timeseries of the following indices for three communities from 1979-2014: Number of freeze-up/break-
up cycles, number of open water days deemed too windy for offshore subsistence hunting, number of
wind events capable of performing geomorphological work (erosion), or damage to infrastructure or
habitats. From 1953-2013, we have also presented changes in the timing of freeze-up and break-up for
the communities of Kotzebue and Shishmaref. In Utqiagvik, there has been an approximate tripling of
the number of wind events capable of significant coastline erosion from 1979-2014. The sum of false
freeze-ups and false break-ups have increased in recent years for all communities examined, especially
Shishmaref. The number of days considered too windy for hunting via boat is increasing along with the
increasing open water period for Utgiagvik, and maintains a significant fraction of the number of open
water days in both Kotzebue and Shishmaref. These conclusions are community-relevant because we
draw our thresholds from studies which have used indigenous knowledge to develop thresholds of
climate related variables we were able to analyze from our large-scale datasets. We have also added the
new dataset for wind, WRF-downscaled ERA Interim, as explained in our new manuscript. This
dataset enabled us to extend the study to include the number of days considered too windy for hunting
via boat see sample plots below). The threshold for wind speed used is 6 m/s over open water, as
reported by whalers to hinder whaling success due to high waves (Ashjian et al, 2010).
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4. Are the scientific methods and assumptions valid and clearly outlined? See comments

in attached .pdf.

Our responses to the reviewers comments here are given below in the responses to the supplementary
material.

5. Are the results sufficient to support the interpretations and conclusions? See com-

ments in attached .pdf.

Our responses to the reviewers comments here are given below in the responses to the supplementary
material.

6. Is the description of experiments and calculations sufficiently complete and precise to

allow their reproduction by fellow scientists (traceability of results)? In relation to HSIA

analysis, yes. In others, need to be better supported.

We are assuming here based on the other comments that the methods of calculating the BSI index was
not fully explained, and in the new manuscript, the BSI index has been removed. We decided to do this
as well based on the concerns by the reviewer comments that it is not well connected to the rest of the
paper. We also feel that the trends shown in the BSI index are captured, at least qualitatively, by the
changes in the number of open water days at Utqiagvik, which is still included in the paper. The
methods for calculating the number of open water days is given clearly in the Methods subsection
“Selection of metrics to determine open water duration, freeze-up and break-up dates”.

7. Do the authors give proper credit to related work and clearly indicate their own

new/original contribution? Yes, but could be better referenced.

We appreciate the reviewer's comments here, and have added more references to the paper to support
assertions made in the text and appropriately credit work of others. Some examples of the added
references include work done by I. Krupnik (2002), Serreze et al (2016), and the references from
which we have taken the climate-related thresholds for wind speeds over open water, Ashjian et al
(2010), Solomon et al (1994), and Atkinson (2005).

8. Does the title clearly reflect the contents of the paper? Yes.

9. Does the abstract provide a concise and complete summary? Yes.

10. Is the overall presentation well structured and clear? Yes, but needs a bit more context

in places.

In response to the reviewer’s comments, we have restructured the presentation so that there is a
consistent framework of subsections (for the different metrics) in the Methods, Results, and Discussion
sections. We feel this has resulted in a more clearly organized manuscript.

11. Is the language fluent and precise? Yes.



12. Are mathematical formulae, symbols, abbreviations, and units correctly defined and

used? N/A

13. Should any parts of the paper (text, formulae, figures, tables) be clarified, reduced,

combined, or eliminated? See comments in attached .pdf.

Our responses to the reviewers comments here are given below in the responses to the supplementary
material.

14. Are the number and quality of references appropriate? See comments in attached .pdf.

Our responses to the reviewers comments here are given below in the responses to the supplementary
material.

15. Is the amount and quality of supplementary material appropriate? Yes

We appreciate the reviewer’s detailed comments in the supplementary comments provided below, and
have addressed those as follows (responses in green).

Supplementary comments:

November 30, 2017

The premise of this paper is to highlight the impacts of a lengthening open water season on Alaska
coastal communities. Overall I find it an interesting and highly relevant paper. There is much current
interest in defining impacts of environmental change according to indicators of relevance in a
community context, and thus ultimately to help support decision-making at different scales. The
extended record of the Historical Sea Ice Atlas (HSIA) is a valuable dataset for analyzing trends over
time, although there are multiple challenges in doing so at appropriate scales and within particular
community contexts. This paper tries to cover a lot of ground in a short paper. There are a number

of good points made, although several areas where I would like more clarification, appropriate
reference support, and nuanced discussion. It is also a paper well suited for discussion, and I look
forward to reading feedback from other reviewers and discussants. Below are my contributions to
this iterative review process, organized according to the key areas where I feel revisions would be
needed prior to acceptance for full publication.

We particularly appreciate the reviewers overall comments here, especially the comment about there
being interest in “defining impacts of environmental change according to indicators of relevance in a
community context...”. We have restructured the paper so that now multiple such indices are included
and think this sharpens the main purpose of the paper: to demonstrate how utilization of large-scale
datasets can be informed by indigenous knowledge in development of products that can inform
stakeholders. In this case, the products of this paper are the long-term timeseries of our indices. The
challenges of using the datasets at appropriate scales has been addressed here by adding the use of the
references which have developed the thresholds informed by community stakeholders. An example of
such a threshold is the wind speed threshold of lower than 6 m/s over open water for successful
subsistence hunting and safe travel via boat (Ashjian et al (2010)).

1) Community uses of sea ice — Given the premise of the paper to investigate the direct and indirect
impacts of a lengthening open water season on four Alaskan coastal communities (Barrow, Kotzebue,
Shishmaref, and Nome), I think it would be important to have more characterization of geographic (e.g.
physical conditions, typical sea ice extent and cycles) and cultural (e.g. uses of sea ice particular kinds
of sea ice for particular hunting or harvesting practices, links to seasonal traditions or community
events) context up front. It could be added to the introduction, or be in a new “community context”
section, but without this it makes it hard to interpret some of the arguments being made later in the
Discussion. The references to communities are highly generalized, without much sense of how their
uses or priorities for sea ice may be shared or different, and this would help to strengthen arguments



as well as deepen the relevance of the analysis to the communities in question. Related to this, there is
little explanation for the selection of the four communities beyond the diversity of sea ice regimes and
subsistence activities (but these are not really introduced). In addition, Nome does not appear in most
trend analyses, and Wales appears inconsistently in the text. More explanation and consistency in the
communities of interest would be important. Furthermore, many of the references I am used to seeing
that describe community use, conditions, and importance of sea ice from local perspectives in Alaska
could be better incorporated throughout this paper to support both the local context as well as the
analysis of direct and indirect impacts (e.g. work by Huntington, Eicken, Krupnik, Norton, George,
Druckenmiller, among others).

We agree there was inconsistency in the extent at which different communities were examined in the
previous paper. Based on the reviewer comments, we have decided to focus on the three communities:
Kotzebue, Shishmaref, and Utgiagvik. Also based on the suggestion of the reviewer, we have added a
subsection entitled “Characterization of communities examined” to the introduction providing
characterization of these three communities. This new subsection provides context and sets up the
Discussion section for the rest of the paper. It includes geographic position, typical sea ice cycles, and
how the sea ice is used seasonally for traditional subsistence hunting practices. For example, a
reference for the case of Utgiagvik is Gearheard et al (2006) “It's not that simple”: a collaborative
comparison of sea ice environments, their uses, observed changes, and adaptations in barrow, Alaska,
USA, and Clyde River, Nunavut, Canada. AMBIO: A Journal of the Human Environment, 35(4), 203-
211.

2) Selection of 30% ice concentration threshold — The choice of selecting 30% threshold for freeze-
up and break-up needs more discussion and justification, as well as greater consideration of associated
limitations. I find this to be quite low, if considering travel on landfast ice. It would also be very helpful
to more clearly relate this to community use of sea ice. What would local perceptions of freeze-up
approximate to in terms of ice concentration? You cited some of my previous work (Laidler et al.,
2009) in which we used 9/10 (90%) ice concentration for freeze-up in terms of being navigable on
snowmobile or foot (vs. 5/10 which is the common definition for freeze-up in relation ship navigation).
At 30% concentration I would think there is still a lot of broken moving ice. Perhaps the overall trends
would not change much, but this threshold selection is critical in terms of the arguments being made,
and how this would translate to impacts on communities. This also has important implications for how
transitional stages are considered, which are not really captured with one threshold (e.g. 30% used as
break-up and as ice-free definition within the paper). I think this threshold selection and representation
of transitional seasons is deserving of more careful consideration and/or articulation.

The purpose of our timeseries of freeze-up and break-up dates is to show the change or trend in freeze-
up and break-up, which is, for the purposes of comparison across communities while using large-scale
data sources, the date at which the sea ice concentration passes a particular threshold. Also in response
to Reviewer #1, in their comments about section “Data and Methods”, we have also re-visited the
explanation for choosing the 30% sea ice concentration threshold, citing Serreze et al (2016). While
we agree that 90% is a more suitable threshold for over-ice transport, the 30% threshold is arguably a
compromise between the more commonly used 15% threshold for “ice extent” and a threshold for on-
ice travel. In addition, the dates for various thresholds are well correlated and so the observed trends
are not particularly sensitive to the choice of threshold value.



3) Figure 1 — This figure does not give a good sense of scale of ice area covered around each
community, or resolution of grid cells. Could a larger and more detailed figure be created to

better represent this?

Because the ice coverage varies so widely over seasonal (and interannual) timescales, we believe that a
depiction of the sample grid cells to illustrate the resolution provides the most “bang for the buck”. In
the present version of Fig. 1, we show grid cells for the major communities included in the study.

4) Interview citations — Two interviews are cited in the text, and referenced as being

interviewed in Kotzebue in 2013. There is no other context about these interviews in terms

of how they were related to this research or other community-based projects, or any details

in the Methods section about how interviews were undertaken and with what focus and

which participants. I would like to see more of these local and Indigenous perspectives

included in the paper, but they also need to be clearly explained and included in methods.
Furthermore, interview quotes included from other papers need to be fully cited to the paper

they were published in (as well as the individual), so they can be appropriately credited and
contextualized.

We agree with the reviewer that this was not properly contextualized in the first version, and have made
appropriate changes relating to both the citations as well as a clearer outline of the specific methods
about how the indigenous knowledge was used in to obtain the main findings of the paper. The
interviews now cited in the text are clearly credited with both the person being quoted and the source
the quote appears in. The first interview comes from Ross Schaeffer, who was interviewed by Sarah
Betcher in 2013. This is second interview quotation is by a hunter in St Lawrence Island, cited from
work done by I. Krupnik (2002). The context for these interviews is more clearly given in the
Discussion section. The quotation by Ross Schaeffer describes how the transition period seems longer
in more recent years, and this is located in the revised Discussion subsection (4.1) which includes the
changes in the number of false freeze-ups and false break-ups. The second interview is also located in
this edited subsection, which describes how the increasing amount of open water can lead to a shorter
period of break-up. In terms of the reviewers comment that she would like to see more local and
Indigenous perspectives added in the paper, this is also included in the newly-added reference Ashjian
et al (2010) because the authors of that study conducted interviews with local people in order to
develop the wind speed thresholds we chose to use for our analysis.

5) BSI interpretations — This analysis does not seem well connected to the rest of the paper, and the
calculations and methods involved are presented in the Discussion rather than Methods. Perhaps getting
into this analysis in sufficient depth is beyond the scope of the paper? It would be good to really clarify
what the primary goal and emphasis of the paper is. If it is indeed on community impacts (and related
to community priorities and concerns), then expanding in areas noted above may be preferred to this
particular aspect of analysis.

Based on this comment and the other reviewers comments, we have decided to remove the BSI analysis
from the paper. Also see the comment by Reviewer #1 in the section pertaining to the Discussion.

6) Societal levels and accessibility arguments — I think what you are trying to refer to here is not
societal levels (or scales), but decision-making or jurisdictional scales. This needs to be clarified
throughout. The arguments here are also covered in such a generalized fashion, that it is difficult to
connect to the sea ice and community-specific trend analysis. What would this mean in different
community contexts? And when you talk about the accessibility of HSIA, to whom are you referring?
How accessible and useable (and/or currently used) is the HSIA in Alaskan coastal communities?

We agree this section is not very well connected to the sea ice and community-specific trend analysis,
especially in light of how the new manuscript has developed on the focus of the analysis of the indices



already based on thresholds from references using community-level input. Based on the extensive
revisions to the updated manuscript, we feel this section did not really fit well with the flow for the rest
of the paper, so it has been removed.

7) Typos and References — There are a number of minor typographic errors throughout, as

well as a number of incomplete references, that need to be attended to. I can provide more

details on these if requested.

We have revised the draft for typos, and checked for incomplete references. We would be interested to
know which ones these are, in case something was missed that we are not aware of. Some examples of
the more complete references include better citation of the interviews, as discussed in Comment #4
above.

In the process of trying to compile my feedback, a number of other questions have arisen for me.
But I will leave it here to see what the other reviewers and discussants say, and how the authors
choose to respond. I am then happy to continue being part of the iterative review and discussion
process.

We sincerely appreciate the detailed feedback which we feel has significantly improved the revised
manuscript and are open to additional feedback.

Best wishes,

Gita Ljubicic

Department of Geography and Enviornmental Studies
Carleton University, Ottawa, Canada



Reply to Referee #3: Interactive and Supplementary Comments
Impacts of a lengthening open water season on Alaskan coastal communities
Rolph et al. (2017), tc-2017-211

We would like to thank Referee #3 for his/her constructive comments, which have helped improve the
quality of the paper. We present below our detailed responses to the comments in orange.

Interactive comments
Anonymous Referee #3
Received and published: 1 December 2017

1. Does the paper address relevant scientific questions within the scope of TC?

Yes

We are glad to hear the reviewer agrees that the scientific questions raised in this paper are within the
scope of TC.

2. Does the paper present novel concepts, ideas, tools, or data?

The ideas are important and novel, but are not well developed.

Please see the responses to Reviewers #1, Question 2, and #2, Question 3. In summary, we have
attempted to provide a more unified framework by including an additional variable (wind) to develop
community-informed metrics that were not in the original submission. The newly added indices
include the number false freeze-ups and break-ups during each seasonal transition, the number of
geomorphologically-significant wind events over open water, fractions of days deemed ‘too windy’ for
subsistence hunting via boat, freeze-up/break-up timing, and open water duration provide methods. The
methods and indices developed here can be applied not just to the three Alaska communities examined
in this study, but also anywhere else along other coastlines affected by sea ice. This applicability of our
methods developed here to other places we feel is an important tool to share with the Cryosphere
community.

3. Are substantial conclusions reached?

No. The paper draws conclusions (many of which may be inaccurate) from a weak analysis.

Please see the responses to Reviewer #1 and Reviewer #2, Question 3. These responses demonstrate
new results we have added to the manuscript which relate directly to our conclusions. We have found
that there is an increased number of combined false freeze-up/break-ups during the transitions between
ice-covered and open water seasons in each community, as well as a significant increase of open water
periods with winds too strong for subsistence hunters to hunt successfully via boat. Our conclusions
that the changing sea ice conditions (which are related to the change in windy conditions over the
expanded open water period) are directly impacting Alaska coastal communities ability to maintain a
subsistence lifestyle as well as (related) challenges they face in travel over ice or water in the
increasingly erratic transition season.

4. Are the scientific methods and assumptions valid and clearly outlined?

No

We appreciate the reviewers comments here, and accordingly we have added a new subsection for each
method and assumptions used when developing each index, and feel this greatly improves the
organization in this context. Please see also our response to Reviewer #1, Question 4, and our
supplementary responses to Reviewer #2. In summary, we have outlined how we have used each



reference pertaining to the appropriate index, and explicitly how we have used the climate-related
thresholds (e.g. sea ice concentration or wind speed) in the development of each index timeseries.

5. Are the results sufficient to support the interpretations and conclusions?

No

Please see the example figure provided in our response to Reviewer #2 for Question #3. We have
restructured the manuscript such that each result of our multiple indices calculated for each community
has its own corresponding subsections in each the Results section and Discussion section. This
improves the organization of the paper and allows for an easier-to-follow connection from the results to
interpretation of the results.

6. Is the description of experiments and calculations sufficiently complete and precise to allow
their reproduction by fellow scientists (traceability of results)?

No

Please see our responses to Reviewers #1 and 2, Question 6.

7. Do the authors give proper credit to related work and clearly indicate their own new/original
contribution?

Yes

We are glad to hear this was clear in the manuscript and look forward to feedback if the reviewer feels
this was not addressed for some reason in the new manuscript.

8. Does the title clearly reflect the contents of the paper?

Yes, although I don’t think the paper is well positioned to properly discuss or draw conclusions about
the full scope of impacts that they attempt to address.

Please see our response to Reviewer #1, Question 8: Our title is “Impacts of a lengthening open water
season on Alaskan coastal communities: deriving locally-relevant indices from large-scale datasets and
community knowledge .” In our updated version in response to the reviewers’ comments, we chose to
develop indices that relate directly to impacts on Alaskan coastal communities. The trends found in
most of the indices are also directly related to the lengthening open water season, which we believe is a
justification for including “open water season” in the title.

9. Does the abstract provide a concise and complete summary?

Somewhat

We have updated the abstract so that it concisely outlines our study communities, how we have
developed each community-relevant index, which datasets were used, as well as the main conclusions
from the changes seen in the results of the calculated indices timeseries.

10. Is the overall presentation well structured and clear?

Somewhat

Please see our responses to Reviewer #1 and #2, Question 10: We have taken much care to re-organize
the manuscript such that each index has is organized into appropriate subsections. The subsections are
then consistent across the methods, results, and discussion.

11. Is the language fluent and precise?
Yes.

12. Are mathematical formulae, symbols, abbreviations, and units correctly defined and used?
Not relevant.



13. Should any parts of the paper (text, formulae, figures, tables) be clarified, reduced, combined, or
eliminated?

The methodology section should be expanded to provide greater details on how the BSI was replicated
using the HSIA data.

We have expanded the methodology section such that the methods are organized into subsections about
how we calculated each index. We have removed the BSI as we feel the conclusions drawn from results
from the changes seen in the timeseries we extended can also be drawn from the newly-added indices
in the updated manuscript. Please see also our responses for Reviewer #1, Question 13, and the
supplementary section titled ‘BSI interpretation’ of Reviewer #2.

14. Are the number and quality of references appropriate?

Yes

We are glad to hear this, we have also added several references to the new manuscript as necessary
based on the changes made.

15. Is the amount and quality of supplementary material appropriate?
Not applicable.

The paper relies on a limited and simplistic analysis to draw weak and poorly supported conclusions.
The authors appear to acknowledge the limitations of their analysis, but precede to venture into topics
far removed from their analysis. For example, the discussion of sea ice change on migratory marine
mammals was quite disconnected from the analysis of local ice conditions near communities. Also, in
terms of analyzing the "days left for whaling", the authors conclude that the spring ice-based whaling
season has been cut in half (from 160-180 days to approx 80 days), when in reality the spring whaling
season has never been much more than late-April through early June (<60days). (I comment more on
this in my more detailed attached comments.) Little effort was made to address the simplification of
their assumptions, although they point it out themselves in several cases (for example, by noting that
their analysis is not sufficient to track the presence of landfast ice). As further example, the authors
pointed out that their simple definition of "transition seasons" based on sea ice concentration thresholds
may be problematic. I agree, and suggest that the authors think carefully about what new data and
evidence they can introduce to this paper to make their quantitative results better provide a relevant
context for the discussion on complex impacts to communities.

We have changed the manuscript substantially from the submitted version based on the reviewers’
comments. Please see our responses to similar concerns expressed in the main comments of Reviewers
#1 and #2. These are at the top of the response to Reviewer #1 titled ‘Overview and major comments’,
and in the start of the supplementary comments for Reviewer #2. We also appreciate this reviewer’s
comment about the whaling figure. We address this also in the detailed comments below. What was
meant in the original manuscript by the whaling figure is that, due to the earlier break-up timing
offshore Utgiagvik, the spring whalers now have less time for hunting from the sea ice. We have
decided to remove this figure from the manuscript due to this reviewer’s comments. In its place, we
now focus on the increase in the number of windy days seen offshore Utgiagvik which we speculate
will impact the fall whale hunt (Figure of this index is given in response to Reviewer #2, Question 3,
and is also present in the new manuscript). To determine what is deemed ‘too windy’ to hunt via boat,
we have used the wind speed threshold from Ashjian et al (2010), who used interviews from a number
of whalers from Utgiagvik. We have used the newly added dataset (WRF-downscaled ERA Interim
(Bieniek et al, 2016) in order to obtain the wind data offshore of these communities. We calculated the
number of days where the wind speed threshold from Ashjian et al (2010) was exceeded during the
open water period and presented a timeseries of this as a fraction of ‘usable’ vs ‘too windy’ open water



days for each community. Pertaining to the Reviewer’s comment about the transition seasons, we have
shifted the focus from the duration of the the transition season to the number of times the ice froze-up
and broke out before the ‘true’ freeze-up and break-up. We have provided an interpretation of our
results for this index in its own subsection in the Discussion section of the new manuscript.

We appreciate the reviewer’s detailed comments provided below. Our responses are in orange.
Supplementary comments:

Abstract: “reduced access to subsistence hunting species” should be reworded. Its not the species

that are doing the hunting.

This statement has been removed based on the substantial changes we have made to the abstract in light
of the newly developed indices described above and in the responses to the other reviewers.

Abstract: The abstract doesn’t seem to connect to the title. The title references “impacts” but the
abstract describes that the main results pertain to summarizing sea ice trends.

The abstract now clearly links some main results to the impacts. For example, in Utgiagvik, there has
been an approximate tripling of the number of wind events capable of significant coastline erosion
from 1979-2014, and also an increase in the number of days too windy to be hunting via boat.

Pg 1, Line 20: Suggest changing to “while changes in the seasonality and extent influence the
migration of...”

This statement has been removed because it does not really fit with the new changes in the manuscript.
However, we have added a similar statement in the newly added subsection “Characterization of the
communities examined” where Shishmaref is described, stating that Shishmaref “is at the center of
animal migration routes and also a center of a complex food-distribution system based in subsistence
hunting practices Marino (2012).”

Pg 2, Lines 3-6: The first two sentences are very vague and unclear. What are the challenges of

the placed-based nature of climate change? The second sentence is confusing and seems to go off

topic by referencing how research is to provide benefits. What potential benefits are you talking

about?

Key challenges of the place-based nature of climate change are that the impacts of climate are not felt
equally across the globe, and that climate itself varies geographically around the Earth. For example,
some places are getting drier while others are seeing more precipitation, and the associated impacts of
these changes are what we meant by ‘challenges of the place-based nature of climate change.” We agree
that the second sentence can be seen as off-topic. In the new manuscript, both statements have actually
been removed and the focus of that paragraph remains to explain the necessity of speaking with
community members to understand what metrics are most important in the attempt at evaluating the
impacts of climate change.

Pg 2, Lines 11-13: While it may be true that the timing of break-up is more important than ice
thickness to a local community, the authors should also consider that the definitions that scientists
use to define break-up, which are determined in part by the observational methods and
limitations, may also be very detached from how a community observes and defines break-up.
Therefore, it is not only the variable that’s important but also the definition and observation of
that variable.



We agree with the reviewers comment here, and have added an explanation to the added subsection in
the Introduction titled “Identification of metrics useful for describing climate change-related impacts on
Arctic coastal communities”. We have cited Johnson and Eicken (2016) “Estimating Arctic sea-ice
freeze-up and break-up from the satellite record: A comparison of different approaches in the Chukchi
and Beaufort Seas”. The explanation we added that, while freeze-up and break-up timing can vary
based on data source, it is at the same time important to evaluate the timing of each in such a way that
can be applied across communities. Using a sea ice concentration threshold is one way of doing this
with available data.

Pg 2, line 15: What is meant by rotten ice?
Rotten ice in this context means weak and partially melted ice. This explanation has been added to the
manuscript.

Pg 2, lines 16-17: It is not clear what is meant by “this type of metric”. Also, I don’t understand

how the authors successfully made the argument that incorporating indigenous knowledge allows

of the use of large-scale datasets to examine local impacts. Is it that local experts are able to

embed their local observations within longer-term climate records?

By “this type of metric” we were referring to the way the ice breaks up, as discussed in the preceding
sentence. In terms of how we have made the argument that “incorporating indigenous knowledge
allows the use of large-scale datasets to examine local impacts”, we have significantly extended this
practice in the new manuscript by using thresholds identified by indigenous knowledge and applied that
to our analysis of the large-scale datasets. This is described in more detail in our responses to Reviewer
#1 titled ‘Overview and major comments’, and in our responses at the start of the supplementary
comments for Reviewer #2.

Pg 2, Line 31: “with varying levels of dependence on subsistence activities, such as susceptibility

to coastal erosion and interaction with the offshore oil and gas industry” How are susceptibility to
coastal erosion and interaction with industry examples for dependence on subsistence? This

sentence needs rewritten.

We agree with the reviewer comment that this sentence is unclear. This statement now exists in the
subsection added to the methods section, which has been added based on the comments by the other
reviewers. We have reworded it to “with varying levels of dependence on subsistence activities, saeh-as
susceptibility to coastal erosion, and interaction with the offshore oil and gas industry.”

Figure 1: Does the grid cell in the Bering Strait overlap with the Diomede Islands? Since this is

the only map in the paper, the paper will be improved by an improved map that shows the
community locations in a bit more details.

The grid cell in the Bering Strait is intended merely to show the resolution of the Historical Sea Ice
Atlas in the offshore region. We included on the map the communities on which the present paper
focuses.

Pg 3, Line 4: Please reference the passive microwave satellite record if that is in fact what you are
referring to.

We have changed the phrase “satellite-derived data” to “passive microwave satellite record”. This
statement now exists in the reorganized subsection of the Methods labelled “The Historical Sea Ice
Atlas™.

Pg 3, line 7: correct to “a different number of”
Corrected to as suggested.



Pg 3, line 19: The paper would benefit by an expanded methodology. For example, it is not clear
why “ the maximum concentration...was extracted from within this area”? Why was the

maximum extracted and not the average value. Was data analyzed across the entire annual cycle?

To answer the reviewer’s comment we have added to this section: “The maximum concentration was
extracted an not the average because if one grid cell in this area was higher than the others, it could
serve somewhat as a 'choke point' or hazard while the other grid cells do not. In order to capture this,
we decided to take the maximum value of these several grid cells, although the neighboring grid cells
do not typically vary significantly in concentration. The entire sea ice cycle was examined.”

Pg 3, line 22: Instead of calling it freeze-up and break-up, I wonder if more accurate terms may

be “ice-on” and “ice-off”. I recognize that these are not necessarily common disciplinary terms,

but since you are dealing with relatively small study areas, ice coverage can cross the threshold quickly
due to a shift in wind and thus may have nothing to do with a real phase change (which is

implied by “freeze-up”).

We appreciate the reviewer’s perspective here, but feel that freeze-up does not necessarily imply phase
change in this context. We have added the following statement to the manuscript in the newly-added
subsection of the Methods titled “Indices related to freeze-up, break-up, and duration of open water
period” in order make this aspect more clear: “The timing at which freeze-up and break-up
concentration thresholds are crossed does not necessarily imply a phase change, but also can include
advection of ice in terms of shifts in winds or currents.”

Pg 4, line 1-3: The methodology used to treat the years at Barrow when the ice coverage didn’t

drop below 30% is not clear to me. Please explain in greater detail how you where able to use the
45% or 60% threshold for these years, and integrate back into the longterm dataset. Also, I cannot
easily see (too small) within the right-most panel in Figure 2 which years are when the ice never
dropped below 30%.

Based on this comment and the other reviewer comments (see also Reviewer #1 comment about the
Results section), we have decided to remove the timeseries of break-up and freeze-up timing for
Utqgiagvik. The open water duration is still covered for Utgiagvik (see Figure in response to Reviewer
#2 comment in Question #3 of Interactive comments). Also, due to the significant changes in most of
the indices evaluated in the new draft, we now have incorporated a separate timeseries figure for
Utqiagvik given below. This shows the increase in the number of open water days, along with the
number of days deemed too windy for a successful whale hunt (wind speed thresholds taken from
Ashjian et al (2010).
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Number of wind events

Pg 4, line 2: This paragraph is about freeze-up yet it references “break-up dates”.

We have rearranged the organization of the paper based on the comments of the reviewers, and have
combined explanations of the results pertaining to the freeze-up and break-up timing with the new
results found in the change in the number of false freeze-ups and false break-ups.

Pg 4, line 7: The linear trend at Barrow for break-up was not calculated also. This should be

stated.

As mentioned in response to previous reviewer comments (for example our response to Reviewer #3’s
comment above about Pg 4, line 1-3), we have removed the freeze-up and break-up timing trends for
Barrow.

Pg 4, Line 10: “Kotzebue shows 132% of the variance of freeze-up day for Shishmaref, and 108%

the variance of break-up day.” I understand what is being said here, but the wording needs to be
clearer.

We appreciate the reviewers comment and have reworded to: “Kotzebue shows more variability in the
timing of freeze-up than Shishmaref, with 132% of the variance of freeze-up timing for Shishmaref,
and 108% the variance of break-up timing.”

Figure 5: Please be clearer in the presentation. Red is the number of extreme storms during the

open water period. Here, how and where is the open water period defined? Is this also using a

30% threshold?

We have removed this figure because the impacts on the community are more thoroughly covered by
the new indices present in the revised manuscript. The open water period was defined using a 15%
threshold. These figures pertain to the number of days found to be too windy for hunting safely via
boat, and also the changes seen in the number of wind events considered to generate significant enough
waves to do geomorphological work (erosion), or damage to structure and habitats. The wind speed
thresholds used for these were applied for open water, and come from the references of Ashjian et al
(2010), Atksion (2005), and Solomon et al (1994). The change in days “too windy” for subsistence
hunting via boat is given in the Figure in our response to Reviewer #2, Question 3. The change in the
number of geomorphologically-significant wind events are given in the figure below, which is also
included in the revised manuscript.
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Pg 5, Lines 26-34: This analysis of the “days left for whaling” is close to meaningless. With a
nominal start date of April 15, 80 days, which is what is shown for recent years, would

theoretically allow for whaling through the beginning of July. The bowhead hunt never really

went too far past early June. It is true that the ideal ice conditions for ice-based spring hunting is
being shortened, but these results do not reflect those trends. Looking at the earlier years, the
authors show between 140-180 days for whaling, which would put the hunt all the way into fall,
which doesn’t make sense. This analysis seems to imply that ice is the only important piece to
whaling. The authors acknowledge this somewhat by saying that “the end of whaling season does
not necessarily coincide with the break-up of the landfast ice or the retreat of ice from the coast”
and further note that their analysis may not capture the finer-scale resolution required to track
landfast ice. This is an understatement. This analysis bears little relevance to landfast ice, and
especially from the perspective of how a community may use landfast ice.

We have removed this figure from the manuscript based on the reviewers comments. As mentioned
previously, what was meant in the original manuscript by the whaling figure is that due to the earlier
break-up timing offshore Utgiagvik, the spring whalers now have less time for hunting from the sea ice.
In its place, we have focused on the increase in the number of windy days seen offshore Utgiagvik
which we speculate will impact the fall whale hunt (Figure of this index is given in response to
Reviewer #2, Question 3, and is also present in the new manuscript).

Pg 6, lines 8-12: This paragraph seems to overlook that the community of Utgiagvik is already
adapting by hunting more in fall. This should be discussed.

We at present cannot find a referenceable source that demonstrates more hunting in fall, although we
know anecdotally this to be the case. We welcome any suggestions of a citable source by the reviewer
for this to be added in the paper. As explained in Ashjian et al (2010), and referenced in the new
manuscript, fall hunting seems to be changing as the climate changes due to possible changes in the
Pacific Water inflow into the Chukchi Sea (and along with it the euphasesiids the whales consume), as
well as hunters are reporting they need to travel further from shore to harvest the whales because the
whales are being deflected by increasing vessel traffic. This causes problems because the meat can
spoil on the long tow back to shore. This as well has to do with the open water period extending into
the fall storm season, and the northward shifting storm track, increasing in recent years the number of
days reported to be to windy for hunting (see previous Figure). This discussion has been added to the
manuscript in the new subsection titled “Increases in the number of windy days over open water and
open water duration.”

Pg 6, line 24-27: These statements are not well-supported and may be inaccurate. Does Clarke’s
paper reference changes in hunting? I suspect not. The bowheads for the BCB stock begin to

arrive in the Beaufort in late April/early May, not August. (Perhaps the authors are trying to say

that bowheads migrating west from the eastern Beaufort are arriving to the western Beaufort near

Pt. Barrow earlier in Fall?) Also, I am not sure there is any literature that shows that the

bowheads passage through Bering Strait is tied to local ice conditions there. If there is, it should

be referenced. This statement seems quite speculative.

The statement referencing Clarke’s paper was unclear. We did not mean for it to reference changes in
hunting, but changes in the pattern of the Bowhead whale migration. We agree that the statement is
speculative and it was meant to be worded that way with the words “could be”. However we can see
how this might be unclear. Based also on the reviewers comment below that too much focus is on
changes in marine mammals, and also from the limited migration studies we have found (we are open
to suggestion by the reviewer), we have decided to remove these statements.



Section 4.3: This entire section that discusses impacts on marine mammals, which rely on large
regions and migrate through diverse ice conditions, seems disconnected from the results of this
paper, which focus on local conditions near specific communities.

We have greatly shortened this section and the remaining content is now interspersed in the appropriate
subsections. However, we still feel it is important to discuss the impacts of sea ice change on marine
mammals due to their value for subsistence hunt. For example, in the new subsection of the revised
manuscript discussing the increased number of false freeze-ups and false break-ups, we mention this
could result in less time or a reduced snow cover on the ice. The latter is important because seals use
snow cover for protection from predators. In addition, an earlier break-up (shown in the Figure
referenced in the Results section of our revised manuscript pertaining to freeze-up/break-up timing),
could lead to problems for the bearded seal, which require stable ice cover in late spring for raising
pups and moulting (Kovacs et al, 2011).

Pg 8, Line 8: The authors point out that their simple definition of transition seasons based on sea ice
concentration thresholds may be problematic. I agree, and suggest that the authors think

carefully about what new data and evidence they can introduce to this paper to make their

quantitative results better provide a relevant context for the discussion in this paper on impacts to
communities.

We have address this with the development of the new index: the number of false freeze-ups and false
break-ups during the seasonal transitions between ice-covered and open water states, instead of the
duration of each transition period. We have also added the reference of Serreze et al (2016) to justify
our 30% sea ice concentration threshold. Please refer also to our response to Reviewer #1, Data and
Methods section, and Reviewer #2, Supplementary comment #2.

Section 5.1: A great explanation of the methodology to recreate the BSI from the HSIA data
should be included in the methodology section.

In view of the the comments of the reviewers, we have decided to remove the BSI from the revised
version. Please also see Reviewer #1, Discussion comment.

Figures 7 & 8: Why are the upper limits of the BSI shown in Figure 7 not represented in Figure 8
(e.g., values above 1000)? Does Figure 8 correspond to a subset of earlier years?

The BSI has been removed. The two figures have different scales because Figure 8 was meant to be a
comparison between our HSIA dataset and the BSI calculated from the other sources. Since we had
extended the dataset further than the other sources, we did not include those years in comparison. So
yes, in essence, Figure 8 does correspond to a subset of earlier years.

Pg 8, line 30: change to “are very likely”
Yes, corrected.

Pg 9, line 20: Is there any evidence that increased shipping is leading to more goods, and a greater
diversity of goods, to Arctic communities?

This statement has been changed so that it is more speculative. However, we did mention in this
section that there has been an increase in maritime transit and an associated new recommended
shipping route released by the US Coast Guard. We have modified the text to say that an increase in
shipping of goods delivery could impact reliance on subsistence foods, especially in young people.
While this speculation is only anecdotally supported, we believe it is still worth mentioning here.



We have also added the reference of the Arctic Marine Shipping Assessment (2006) which suggests
increased shipping could enhance trade and reduce costs for Arctic communities, and increased
development of resources can provide employment and income for Arctic residents.

Pg 10, line 20: This conclusion regarding the traditional spring hunt being cut in half due to ice
conditions is not accurate and is not well supported by the data presented in this paper. See my

earlier comments. This conclusion, above all else in this paper, should not be published.

We appreciate the reviewers comments here, and have removed (as mentioned in the previous comment
about the whaling Discussion section) the comments about any concrete number in the reduction of
days left for whaling. We meant (and agree this was not adequately clear) that the trends seen of an
earlier break-up leave less time in spring to hunt from the ice. We have now focused on the fall
whaling season, where the open water season is expanding further into the fall storm season. This has
consequences for the ability for whalers to safely travel by boat and impacts the number of whale
landings (Ashjian et al, 2010).

Pg 10, line 24: There is absolutely no evidence presented in this paper or relevant literature cited
that indicates a change in bowhead whale migrations.

As mentioned in a previous comment, the focus on whale migration has been removed from the
manuscript.

Pg 11, line 5: Where is the evidence that hunters are evaluating risk differently than in the past?

The claim that hunters today walk on thinner ice than they used to because of the pressures of
environmental change and hunting regulations seems over-simplified and perhaps altogether
inaccurate.

The source cited for this statement about hunters is Ford et al (2006), which discusses changes in
exposure-sensitivity under a changing climate. However, because the revised manuscript has changed,
this statement does not flow well with the discussion of the added indices, so it has been removed.

We appreciate Reviewer #3’s comments, which have contributed substantially to a more developed and
clearer manuscript.



Reply to Short Comment #1
Impacts of a lengthening open water season on Alaskan coastal communities
Rolph et al. (2017), tc-2017-211

We appreciate the input by the two students from the class. We present below our detailed responses to
the comments in red.

Summary of the manuscript

The authors have used the Historical Sea Ice Atlas (HSIA) to calculate a date for the break-up and the
freeze-up of the sea ice for four coastal Alaska communities (Barrow, Kotzebue, Shishmaref, Nome) as
well as for an area in the Bering Strait. The dates were calculated from 1953 to 2013 based on a
threshold of 30% ice-cover. Based on this data a linear trend was derived to find a (possibly climate
change associated) change in the timing of both freeze-up and break-up. Following this analysis, the
paper reviews numerous potential interactions (direct as well as indirect) between the change in sea ice
and the impacts on indigenous peoples.

Main Assessments

The study discusses a current topic related to climate change, namely the duration of sea ice cover.
However, it remains unclear how these communities were selected and why the data for not all
communities that were selected (p. 2, 1. 30) are presented (figure 2 and 3) and discussed (results,
discussion). Additionally, the methods are lacking in detail and statistical details are not addressed. A
significant flaw is the lack of an evaluation of the trend line. As the trend line is the main result of this
study, it requires an in-depth evaluation and a discussion that compares these results and this method to
other studies on changes in sea ice cover. The discussion subsequently doesn’t focus on the derived
information from the HSIA (the trend line) but more on potential implications of the found changes for
the people in those Alaska communities. These implications are based on a literature review, which
makes the manuscript two sided and overcharged in information variety. Further the BSI is introduced
too late and only covers a short part of the study which poses the question if it is really needed or
useful. In summary, the paper in its current state is unfocused and lacks detail in key sections.

The intended focus of this study is the development of climate-related indices from large-scale datasets
using local and indigenous knowledge that directly relate to impacts on Alaska coastal communities.
We acknowledge that we may have placed undue prominence on the trend lines of open water duration
without the appropriate level of discussion later in the manuscript, as the reviewers suggest. In the
revised manuscript, we introduce additional data products (WRF-downscaled ERA-interim reanalysis
fields) and develop additional indices that capture aspects of recent sea ice changes relevant to coastal
communities. This allows us to expand our discussion of the observed trends and improve the overall
balance of the text by more effectively linking our discussion of community impacts with the results of
our analysis. Please also see our responses to the main comments of the other Reviewers #1, 2, and 3
in response to the students comments about the BSI index.



General Questions.

Does the paper present novel concepts, ideas, tools, or data?

Yes, using the HSIA a historical record for the break-up and freeze-up of sea ice for four Alaska
communities is presented. However, the literature review (mainly in the discussion section) does not
present new findings.

We thank the reviewers for this insight. In the revised manuscript, we believe that our discussion is
more focused on the results of our analysis, which now comprise an expanded set of locally-informed
climate indices.

Are substantial conclusions reached?

No

Please refer to our responses to Reviewers #1-3, labeled as Question 3. We have provided new
conclusions about the recent decades (1979-2014) of the following indices for three communities:
Number of false freeze-ups, number of false break-ups, number of open water days deemed too windy
for offshore subsistence hunting, number of wind events capable of performing geomorphological work
(erosion) or damage to infrastructure or habitats. From 1953-2013, we have also presented changes in
the timing of freeze-up and break-up for the communities of Kotzebue and Shishmaref. In Utqiagvik,
there has been an approximate tripling of the number of wind events capable of significant coastline
erosion from 1979-2014. We believe that our documentation of changes in the various indices have led
to new conclusions about environmental changes of dual relevance to Arctic coastal communities.

Are the scientific methods and assumptions valid and clearly outlined?

Not fully, since the methods section lacks a statistical evaluation and later sections (results and
discussion) further highlight methodological concepts that were not introduced nor discussed.

We have outlined how we have used each reference pertaining to the appropriate index, and explicitly
how we have used the climate-related thresholds (e.g. sea ice concentration or wind speed) in the
development of each index timeseries. Please refer to our responses to Reviewers 1-3.

Are the results sufficient to support the interpretations and conclusions?

Not fully, since the derived trend line is not statistically evaluated.

We have added some significance values to the subsection 3.1 Please also see our responses to the
comments of Reviewers 1-3, labeled as Question 5.

Is the description of experiments and calculations sufficiently complete and precise to

allow their reproduction by fellow scientists (traceability of results)?

Not at all.

We have now provided further methodological details regarding the datasets used and the indices
derived from them. We have also excluded any reference to the BSI, which we acknowledge was not
described with appropriate detail.

Do the authors give proper credit to related work and clearly indicate their own new/original
contribution?
Yes

Does the title clearly reflect the contents of the paper?

No, the title mainly focuses on one aspect of the article (literature review in discussion). A better title
would include the derived estimate for a change in the date of freeze-up and break-up. For example, it
could be: 60 years of historical ice cover data reveal a significant shift towards a longer open-water
season.



We thank the reviewers for this insight, but we feel their suggested title does not adequately capture the
intended thrust of this work, which is the application of large-scale data to assess local impacts of
changing sea ice and climate for Arctic coastal communities. Instead, we have appended a subtitle to
our title, which now reads “Impacts of a lengthening open water season on Alaskan coastal
communities: deriving locally-relevant indices from large-scale datasets and community knowledge”

Does the abstract provide a concise and complete summary?

Yes, although there is potential for improvement.

Please see our response to Reviewer #3, Question 9. We have updated the abstract so that it concisely
outlines our study communities, how we have developed each community-relevant index, which
datasets were used, as well as the main conclusions from the changes seen in the results of the
calculated indices timeseries.

Is the overall presentation well-structured and clear?

Partly; owing to the fact that the article presents a mix of a data analysis with a literature review
concerning potential impacts for the local communities. A comparison of the changes in sea ice with
actual impacts for the communities or potential impacts for four different communities would have
been interesting but the impacts are all discussed in a very general and theoretica/hypothetical way. The
discussion section is unnecessarily long and does not focus on the actual work done by the authors.
Furthermore, the figures are of low quality.

We have refined the scope of the paper such that we clearly outline very specific indices, each of which
we provide a timeseries for the three communities examined. The structure now includes these in
subsections which are connected in the Methodology, Results, and Discussion sections. We feel this
adds much better flow to the paper. We have restructured the Discussion section such that each sub-
section (4.1, 4.2, and 4.3) correspond with their own index in the results section, which we believe
improves the organization of the manuscript.

Is the language fluent and precise?
Yes

Are mathematical formulae, symbols, abbreviations, and units correctly defined and used?

Mostly

The manuscript contains no mathematical formulae or symbols and the only units used are days and
percentage ice concentration (technically a unitless ratio). However, we have now ensured that all
abbreviations such as ERA (European Centre for Medium-Range Weather Forecasts Reanalaysis) and
WREF (Weather Research and Forecasting model) and now explained.

Should any parts of the paper (text, formulae, figures, tables) be clarified, reduced, combined, or
eliminated?

Yes, to all of the above mentioned sections.

We believe we have addressed all the reviewers comments above.

Are the number and quality of references appropriate?

There are no major references to the methodological part of the paper and almost no references to other
studies on sea ice cover. The literature review on the other hand seems to have a good basis of
literature.

The Methods section of the paper has been changed substantially. In essence, we have cited a reference
for each index we derived a timeseries for.



Is the amount and quality of supplementary material appropriate?
NA

Major review points

Abstract

The term “subsistence hunting” could be introduced once, and then it should be clear that the
indigenous people of Alaska rely on the availability of game for their food supply, henceforth it would
not be required to always indicate it again (also true for the whole article).

We have added a definition to the Introduction section where the term first appears, to provide a
background to those not familiar with communities in the Arctic.

Maybe the section that explains the HSIA is not necessary (defining it here as a historical atlas of sea
ice cover would be enough).

We have reduced the description of the HSIA in the abstract, such as the resolution of the dataset.
However, we respectfully disagree that paraphrasing the name of the dataset we used in the study is
valuable for the abstract in terms of describing the study.

Introduction

P.1, L.14 and 17: If the focus is on food security (rather than the impact on coastal communities in
general), why is the first example given related to soil erosion? Soil erosion is likely not the main
impact on food security.

The introduction has been reorganized, such that the first statements now read: “When trying to
downscale large-scale climate observations, complex inter-connections between communities and the
environment can often be overlooked (Huntington et al, 2009). We therefore recognize the importance
of incorporating local knowledge in understanding and quantifying the impacts of such direct changes.”
P.1, L.15: the reader is introduced to the terms “direct” and “indirect impacts”. However, for the
indirect impacts, the term “globally-induced impacts” is also used. In the conclusion again the term
indirect impacts is used. We suggest to use the same term in throughout the manuscript.

We have decided to shift the focus of the paper from the differences between direct and indirect
impacts, to the new focus of the development of indices defined by thresholds from local knowledge.
The term ‘globally-induced impacts’ does therefore not make an appearance in the new manuscript.

P.1, L.21: Why not cite peer-reviewed literature?
We are not sure what the reviewers are referring to at this line. Between lines 20-22, there are 6
different citations to peer-reviewed literature.

P.2, L.3: It is not quite clear what the term “place-based nature of climate change impacts” refers to. A
short description or explanation would help.

Yes, we agree that this statement could have been expanded on to make this more clear. Please see our
response to Reviewer #3 about this statement.

Methods

P.2, L.27: the term “best analog representations” was used. What does this mean? For a better
understanding of the HSIA it is crucial to know what is meant with “analogs”.

Based on the multiple data sources, analog representations are only used when we need to fill spatial
and temporal gaps of the given month. In other words, analog representations assume no large jumps
in the sea ice concentration between the first and the last timestep of the HSIA dataset. This does not
take place for the majority of the dataset, but for the gaps between 1953-1973. Our analysis extends



from 1953-2013. Further clarification has been added in the subsection 2.1 “The Historical Sea Ice
Atlas” in the revised manuscript.

For this study four communities and one offshore area were chosen. The manuscript states that the
communities were chosen because of their “wide range of sea ice regimes, with varying levels of
dependence on subsistence activities [...]”. For a better understanding of the communities it would be
useful to have a short site description for all of them including the reason why a particular location was
chosen and further reference to the map in figure 1. Also, it is not clear why this particular location in
the Bearing Strait location was chosen.

The Bering Strait is a relatively small area and the sensitivity of our sea ice concentration does not vary
much between the grid cells, as there are only about 3 grid cells spanning this with our spatial
resolution of the HSIA dataset. We have added a description of each community we chose to focus on
in a separate subsection of the Introduction. Please see also our response to Reviewer #2, Comment #1
in the supplementary section.

P.3, L.3: it would be useful to support this claim with a reference to a date for which satellite data
would be available (also add a source for the date).

We do give when satellite data is available in the statements in that same paragraph: “One caveat to
including multiple data sources is that there are a different the number of observations that have gone
into each time segment of data. For example, the frequency of ship-based of observations was not
consistent throughout the record and the number of available observations increased dramatically with
the advent of the satellite era. However, with regard to the latter, we do not find evidence for
anomalous discontinuity in trends around 1978-79, when the passive microwave satellite data are
incorporated into the dataset.” However, based on the reviewers comments, we have also added the
1979 date to the statement now where we describe use of the HSIA data roughly doubles the timespan
we can evaluate when compared to datasets which only use passive microwave satellite data.

P.3, L.10: first a concern is raised that the data is heterogenous, and then it is only partly explained why
and how the HSIA is nevertheless a good source. How did you test if there was an anomalous
discontinuity?

We looked for anomalous discontinuities in the dataset by looking for large jumps in the dataset for
multiple variables, around the time when the satellite data was introduced. We have also added further
description to the analog representation in subsection 3.1 in response the reviewers comments.

P.3, L.16ff: it is not clear how the area was selected, was it done manually? How was the calculation
then conducted? Overall this section lacks detail and the results are not reproducible.

The area used to extract the sea ice concentration data was offshore the communities, each covering the
same area for the communities which is a 50x75 km box near the coastline. These grid cells are
highlighted in Figure 1. We have added a separate subsection 2.3 in the Data/Methods section of the
revised manuscript which we feel addresses this comment titled “Selection of grid cells representative
of each study area”. We have added also in the methodology section 2.4 and 2.5 clear descriptions of
how we calculated each index in our revised manuscript, since we have added several since the last
version.

P.3, L.24: the reasoning to why the 30% threshold was chosen is not clear, if 15% does the same as
30%, then why chose 30%? What did other people do to evaluate freeze-up and break-up of ice cover
from gridded data?

Please see our response to Reviewer #2, supplementary comment #2.



Overall: No information on statistical analyses that were used is given. Figure 2 / 3 hint at the use for
linear regression, but that is the only information the reader gets from the article. The low “% variance
explained” suggests that these trendlines may not be significant? Did you do a statistical test to
determine if the trendlines are significant? Also, why was a linear trendline chosen? Does a stepwise
(two-part) regression fit the data better?

A linear trend line was chosen because it is a common way to show rates of change over climatological
timescales, especially for sea ice decline. To be consistent with this and to apply trends across multiple
locations, we therefore do not think a stepwise regression is appropriate, even though it might ‘fit the
data’ better. The significance of the trend lines is included in sections 3.2 and 3.3 of the new
manuscript.

Results

Generally, this section relies heavily on the linear trend, although the linear trend is not mentioned inthe
methods nor is its quality assessed.

The results section of the revised manuscript contains 3 subsections (3.1, 3.2, 3.3). These sections
focus on the results of the timeseries of the indices developed, and we have added statistical values to
each of these subsections. Also relevant to this comment by the reviewers is our responses to Reviewer
#1 Supplementary comments titled “Results.” We have removed the freeze-up and break-up trends for
Utqgiagvik, based on the discontinuity in the number of physical freeze-up and break-up dates starting
from the beginning of the dataset toward more recent years.

It would be good to have a table (similar to Table 1) with all important information and statistical
measures (not just the % of explained variance).

Since the main focus of the manuscript is demonstrating the use of indigenous knowledge in
conjunction with large-scale datasets, we feel a high focus on statistical values is beyond the scope of
this paper. We are also not sure what the reviewers mean by “all important information” and would
need clarification on that to address this comment further.

The presentation of the Results is incomplete:

- The studied community “Nome” is only mentioned in the Methods. Is there a reason why it is not
presented in the Results and Discussion?

Nome is also presented in the Results of the original manuscript (Section 3.2), put we have decided to
remove analysis from this community and focus on the three communities of Utgiagvik, Kotzebue, and
Shishmaref. Please see also our response to Reviewer #2, supplementary question #1 titled
“Community uses of sea ice”.

- In Figure 4 suddenly “Wales” appears, without introducing it before.
Please see our response to Reviewer #2, supplementary question #1 titled “Community uses of sea ice”.

- Figure 2 and Figure 3 do not contain the results of “Nome” and “Bering Strait”. After the introduction
of the four communities and one offshore area in the methods, it is necessary to show all results or at
least state why something is not shown / presented.

We are consistent in the new manuscript such that each index (with the exception of Utqiagvik for
freeze-up/break-up dates) is calculated for each community. Please see our response to Reviewer #2,
supplementary question #1 titled “Community uses of sea ice”.



- P4, L.9-15: This focuses on the explained variance by the linear trend, however it is just a qualitative
description and raises more questions than it answers no statistical evaluation!

We feel a qualitative description of how much variance is explained by the linear trend is a meaningful
value that should be included in the manuscript, but as mentioned above, we feel a detailed statistical
analysis of each index developed is beyond the scope of this paper. We have added significance values
to sections 3.2 and 3.3.

- In section 3.2, lines 21-24 are already interpretation and should be moved to the discussion.

We have restructured the Discussion section such that each sub-section (4.1, 4.2, and 4.3) correspond
with their own index in the results section, which we believe improves the organization of the
manuscript. Please also see our response to Reviewer #1, supplementary question titled “Results”.

- Figures 2 and 3: The data for Kotzebue flips back and forth between two values in the 1960s and early
70s. Is this a data limitation issue?

The dates in question are prior to the passive microwave satellite data, and as explained in the
Data/Methods section 2.1 “Historical Sea Ice Atlas data”, there is an inconsistency in the frequency of
data sources included in this time period. We believe this is the reason for some of the jumps seen in
the timeseries prior 1979.

- Figure 4: top 1%, means that for each period a different threshold is chosen. That makes comparisons
of the different periods difficult. Also what are the methods used to determine the number of storms?
Add a reference.

This figure has been removed from the revised manuscript, as we feel the index timeseries “Number of
geomorphological significant wind events” calculated for each community provides more information
in this context. Nonetheless, in the previous manuscript, the reference is given in the caption of the
Figure, as well as the method to calculate the number of storms, where the top 1% is an accepted way
to calculate extreme events such as storms.

Discussion

- The quality of the produced data is never questioned nor is it assessed. How robust are the
results?

The data is directly derived from observational datasets. The use of satellite-derived sea ice
concentration data is a well documented way to obtain sea ice concentration data.

- P4L.26: These are at most potential impacts. Unfortunately, the real impacts are never determined or
analysed. So change title to reflect that these are literature based potential impacts.

We do not believe that the well-documented case (e.g. Barnhart et al (2014), Overeem et al (2011))
that the Arctic coastline is more vulnerable to erosion due to sea ice loss should be labeled as a
‘potential impact’, as the reviewers suggest. Coastal erosion is a very real threat to Arctic
communities, for example the case of Shishmaref twice voting to relocate their entire community due
to their quickly eroding coastline. We expand on the impact of sea ice loss in terms of providing more
open water during the fall storm season which allows for more waves to develop. Section 3.3
“Increasing number of wind events with potential for geomorphological change” in the Results and
Section 4.3 “Increasing wind events over open water: Number of geomorphologically-significant wind
events and consequences for erosion” discuss this in the revised manuscript. An example of one of our
results is that the number of wind events over open water that are capable of causing significant erosion
or damage to infrastructure and habitats (Atkinson, 2005) has roughly tripled for the case of Utgiagvik
from 1979-2014.



- P.5, L.5ff: the manuscript refers to Kotzebue Sound which “shows less of a change in freeze-up and
breakup trends”. This could be because it is surrounded by land on three sides. But what about the
community of Nome which is on a similar, but not so distinct, location and shows the same trend in
figure 4?

Please see our response to Reviewer #1, supplementary comment “Results”.

- P5.L34: Is there any evidence for that? Any data? any references?

There is anecdotal evidence that hunters are increasingly relying on larger boats with outboard engines.
However, we have not found any peer-reviewed citations of surveys or something of the sort to cite that
statement. This statement also does not appear in our new manuscript.

- P7L21: If this has been reported, add the reference.
Please see our response to Reviewer #3, Question #15.

P8.L3: This statement should probably come much earlier.
Please see our response to Reviewer #2, Supplementary Question #2.

P.8 (section 5.1): the manuscript starts again with an introductory part, then a description of
the methods, results and discussion. For a clear structure however, a separation into the cor-
rect chapters would be necessary. Within this section the Barnett Severity Index (BSI) is very
briefly introduced. Here the reader should get more information about the BSI. What is it?
Why is it used? The BSI is only mentioned again in the first paragraph of the conclusions and
is thus a minor part within the manuscript. Thus, one should introduce it properly and then
also show its importance.

Please see our response to Reviewer #1, supplementary subsection “Discussion”.

The discussion has a major focus on the impacts. However, there are other aspects as for example
species extinction that could be more dramatic with more open water days. Further the protection of
species in danger from extinction could lead to conflicts with traditional hunting.

The reviewers are correct that sea ice loss poses a significant threat to certain ice-dependent species,
some of which are also subsistence species for coastal communities. However, we feel that issues
related to co-management of endangered or threatened species is beyond the scope of this manuscript.

Conclusions

- P.10.L7-9: We agree with this but what is the relation between this statement and your actual
study/analyses? The four different sites are not discussed in detail and it remains unclear how different
these communities are or how different the impact of climate change and changes in sea ice has been
for these communities.

We have added a subsection in our Introduction section (1.2 “Characterization of communities
examined”) which discusses our study areas, typical sea ice cycles of each, and sea ice use.

- P.10, L.13: the usefulness of the BSI is described. This statement would be more logically placed
together with the rest of the BSI, currently in section 5.1.

The BSI has been removed from the revised manuscript. Please see the response to Reviewer #1,
labeled “Discussion”



- So far, the direct impacts were always presented before the indirect impacts. On page 10, line 25ff the
order was changed which is misleading. Always keep the same order.

We have decided to shift the focus in the revised version from the difference between indirect and
direct impacts to the development of locally-relevant indices pertaining to the lengthening open water
period, relevant for stakeholders in coastal Arctic communities. Please see the response to Reviewer #1,
overall comments. This statement does not exist in the new manuscript.

- Most of the conclusion is actually a discussion and not a conclusion from the analyses presented in
this study.

Please see our response to Reviewer #1, Question 10.

Minor points

-Some sentences are hard to read, e.g. P2L.3-4, L.20-21.

The P2 L 3-4 statement has been reworded. L20-21 is not present in the revised manuscript.

-P.2, ..29: Sea ice concentration = sea ice cover. Introduce this definition already in the introduction.
We have added to the introduction sea ice concentration is the fraction of open water covered by sea
ice.

-Figure 1: Create a more useful and visually more attractive map. This map looks like it comes out of a
video game of the 80s.

Please see our response to Question # 3, Reviewer #2. The reason we used this map was to highlight
the resolution of the HSIA gridded dataset and feel that the map provides more information when
presented in this way rather than with a finer resolution we did not use.

-The legends in figure 2, figure 3 are too small and do not contain the necessary information.

The figures with the legends are not present in the revised manuscript.

- Figure 5: don’t just copy from Chapman, replot using the same style as the other plots. In general, all
plots should have the same style, so also figure 4 needs to be adapted.

This figure is not present in the revised manuscript.

-Figure 8: add the 1:1 line

This figure is not present in the revised manuscript.

-Table 1: maybe it is better to give the trend in days per decade so that it is not a fraction of a day,
which could suggest hourly data are needed

We feel that days/year is consistent with the other trends given throughout the manuscript (Results:
Section 3), and have decided to keep as is.

-Regarding the figures in general: no titles needed, clearer figure captions needed (a,b,c...).

Also make sure to add informative legends.

P.3, L.8: the word “of” is not needed

We have looked over this line and are unsure which ‘of” would be able to be taken out.

P.4, 1..21: replace “has” with “could have” because we cannot be sure about this.

We are sure that changes in oceanic heat impact influences when the ocean is able to freeze.

P.6, L.25: “polynas” actually called “polynyas”

This is a typo and this statement does not exist in the new manuscript.

P.8, L.12: the introduction of the BSI is suboptimal. It is here introduced as “severity of ice conditions
index” whereas the acronym itself translates to “Barnet Severtity Index”. Only after the first
introduction of the correct terminology abbreviations should be used.

As mentioned previously, the BSI has been removed from the new manuscript.

P.8, L.24: also give the 5 nautical miles in kilometers (in general only use one distance measure)

The BSI has been removed from the new manuscript and so this statement is no longer present in the
revised version.

P.9, L.14: “will” or “can”?

This typo has been fixed in the new manuscript.



Tracked changes document is found below. For readability, we recommend reviewing the final
manuscript in place of the tracked changes document since the final manuscript has significantly
changed in order to address the Reviewers’ comments. All changes in the tracked changes
document have been addressed in the above responses to the Reviewers.
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Abstract. Using thresholds of physical climate variables developed directly from indigenous knowledge, and two large-scale
datasets, we have produced locally-relevant indices demonstrating how a reduced sea ice cover impacts Alaska coustal com-
‘munities” way of life. We utilize large-scale datasets to identify locally-relevant impacts because the methods used here can
‘be applied to any Alaskan coastal community. We have chosen three Arctic rural communities of Kotzebue, Shishmaref, and
Utqiagvik (previously Barrow) as examples to show changes in these indices from 1953-2014. The indices chosen in this
study are: the number of “false freeze-ups’ (times sea ice concentration oscillated above and below the threshold value before
freeze-up was finally achieved), *false break-ups’, timing of freeze-up and break-up, length of the open water duration, number
of days where the winds are too strong to hunt via boat (wind speed thresholds from Ashjian et al. (2010)), and number of
‘wind events capable of performing geomorphological work or damage to infrastructure from creation of waves and storm surge
(using the definition of these wind events from Atkinson (2005)).(We demonstrate how indigenous knowledge can inform use
of Targe-scale datasets to form locally-relevant indices describing change in sea ice conditions, which also leads to changes in
the (@iFatichandistrengthiof Windsioveropeniwater)The Historical Sea Ice Atlas (HSIA) @id"WRF=downscaled"ERA=Interim
(datasetsrarerused jointly to assess the potential direct jmpacts from sea ice change for selected Alaska @astal communities.
We have found that there has been a marked increase in recent years for all communities, especially Utgiagvik. in the number
of combined false freeze-ups and false break-ups, and number of days too windy for hunting via boat. In Utgiagvik, there
has been an approximate tripling of the number of wind events capable of significant coastline erosion from 1979-2014. We

(haveralsorfoundadelayin freeze-up and earlier 6f€ak=tip) leading to a lengthened open water (etiod ot all) of the Commumities
‘examined.

1 Introduction

1.1 Identification of metrics useful for describing climate change-related impacts on Arctic coastal communities
Community interaction and feedback is useful to identify the social relevance of climate system variables commonly used by

scientists, as covered extensively by (Krupnik and Jolly, 2002). (FofiéXamplejisea ice concentration (fraction of openywaten
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covered by sea ice), thickness, and extent can be considered “primary” geophysical variables for an Arctic ocean study, but for
indigenous Arctic coastal communities, timing of freeze-up and break-up are among the most important criteria that define the
state of the sea ice locally (Berkes and Jolly, 2002; Berman and Kofinas, 2004; Laidler et al., 2009). While the definition of
freeze-up and break-up timing can vary based on data source (Johnson and Eicken, 2016), it is useful to evaluate these metrics
in a way that can be applied across communities, as done in this study. Residents of Arctic coastal communities report that
e sea ice is changing in many other ways, including increased presence of rotten (partially melted and weak) ice and the
While these changes are unlikely to be directly captured in climate-
bservations, local community members connect these changes with trends that can be indicated from the length of the
season, or number of false freeze-ups and false break-ups.

ing to downscale large-scale climate observations, complex inter-connections between communities and the en-
an often be overlooked (Huntington et al., 2009). We therefore recognize the importance of incorporating local

understanding and quantifying the impacts of such direct changes(Huntington et al., 2009). (FofieXamplefiomn)
et al. (2010) identified winds 6 m/s or higher to be
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of Utgiagvik, Kotzebue, and Shishmaref.


Compare: Move�
text
This text was moved from page 2 of old document to page 1 of this document

Compare: Insert�
text
"51015202530"

Compare: Insert�
text
"While"

Compare: Move�
artifact
This artifact was moved from page 1 of old document to page 1 of this document

Compare: Move�
text
This text was moved from page 2 of old document to page 2 of this document

Compare: Move�
text
This text was moved from page 2 of old document

Compare: Replace�
text
[Old text]: "multipleglobaldriversimpactingthefoodsecurity"

[New text]: "deﬁnition"

Compare: Replace�
text
[Old text]: "northerncommunities(Loring"

[New text]: "freeze-up"

Compare: Replace�
text
[Old text]: "Gerlach,2015),"

[New text]: "break-uptimingcanvarybasedondatasource(Johnson"

Compare: Replace�
text
[Old text]: "theimpactsofclimatechange"

[New text]: "Eicken,2016),itisusefultoevaluatethesemetricsinawaythat"

Compare: Replace�
text
[Old text]: "separatedintotwodistinctcategories:directandindirectimpacts."

[New text]: "appliedacrosscommunities,asdoneinthisstudy."

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Replace�
annotation
The following annotation attributes were changed: 
   other

Compare: Replace�
text
[Old text]: "Theproposeddeﬁnition"

[New text]: "Residents"

Compare: Replace�
text
[Old text]: "directimpactsherearethoseimpactsdirectlyinducedbyclimatechange"

[New text]: "Arcticcoastalcommunitiesreport"

Compare: Delete�
text
"arenotinﬂuencedbyglobalsocioeconomicsystems."

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
text
"Examplesofsuchdirectimpactsincludeacceleratedratesoferosionrelatedtoincreasedcriticalwaveheightalongcoastlinesduetoreducedseaice(Overeemetal.,2011).Additionally,changesin"

Compare: Delete�
text
"availabilityandtrafﬁcabilityof"

Compare: Replace�
text
[Old text]: "leadtochanges"

[New text]: "ischanging"

Compare: Replace�
text
[Old text]: "subsistencehuntingpractices(Laidleretal.,2009),reducedreliability"

[New text]: "manyotherways,includingincreasedpresence"

Compare: Replace�
text
[Old text]: "safetravellingconditions(Barberetal.,2014),whilechangesintheseasonality"

[New text]: "rotten(partiallymelted"

Compare: Replace�
text
[Old text]: "extentchangesmigrationofimportantsubsistenceanimals(Moore"

[New text]: "weak)ice"

Compare: Replace�
text
[Old text]: "Huntington,2008)."

[New text]: "thewaytheicebreaksup(Betcher,personalcommunication)."

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Move�
text
This text was moved from page 2 of old document to page 2 of this document

Compare: Move�
text
This text was moved from page 2 of old document

Compare: Move�
text
This text was moved from page 2 of old document to page 2 of this document

Compare: Move�
text
This text was moved from page 2 of old document

Compare: Move�
text
This text was moved from page 2 of old document

Compare: Delete�
annotation
Matching annotation not found

Compare: Insert�
text
"Forexample,frominterviewswithIñupiatwhalersinUtqia˙"

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Insert�
text
"gvik(formerlyBarrow)Ashjian"

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
text
"Theseimpactshavebeenwellinvestigatedanddocumentedinvariousmedia(e.g.Gearheard(2013);Gearheard"

Compare: Insert�
text
"(2010)identiﬁedwinds6m/sorhighertobelinkedtolesssuccessfulwhalingbecauseitisdeemedbyhunterstoounsafetotravelviaboat.Alternatively,Atkinson(2005)useda10m/swindspeedthresholdfor"

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
text
"(2006);Laidler(2006);LovecraftandEicken(2011)).Bycontrast,globally-inducedimpactsarethosethatarenot"

Compare: Replace�
text
[Old text]: "directresult"

[New text]: "durationof6hours"

Compare: Insert�
text
"longertoproduce"

Compare: Replace�
text
[Old text]: "changingphysicalenvironment,butonesthatresultfromtheinteractionbetweentheclimatesystem"

[New text]: "climatologyofstormevents."

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Insert�
text
"Atkinson(2005)usedthisthresholdwindspeedbecauseitwasfoundbySolomonetal."

Compare: Replace�
annotation
The following annotation attributes were changed: 
   other

Compare: Insert�
text
"(1994)toproducewaveswithenoughpowercapableofdoinggeomorphologicalworkordamagetoinfrastructureandhabitats."

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
text
"51015202530andglobalsocio-economicsystems."

Compare: Replace�
text
[Old text]: "example,alongernavigableiceseasonmayresult"

[New text]: "theseindices,identifyinglongtermtrends"

Compare: Replace�
text
[Old text]: "increasedbargetrafﬁcandoilexploration,butonlyifeconomicconditionsallow.Thechallengesassociated"

[New text]: "conjunction"

Compare: Replace�
text
[Old text]: "theplace-basednature"

[New text]: "changesseeninrecentyearsmaygiveanindication"

Compare: Insert�
text
"how"

Compare: Replace�
text
[Old text]: "impactshavealsobeendocumented,suchashowpeoplerespond"

[New text]: "canbeexpected"

Compare: Replace�
text
[Old text]: "environmentalchange(Loringetal.,2016).Challengesalsoincludeappropriatedeﬁnitions"

[New text]: "impactcoastalcommunities.Herewepresentatimeseriesoftheseindicesfrom1979-2014(1953-2013forfreeze-upandbreak-uptiming)forthecommunities"

Compare: Replace�
text
[Old text]: "whatconstitutesacceptableimpacts"

[New text]: "Utqia˙gvik,Kotzebue,andShishmaref.1.2Characterization"

Compare: Replace�
text
The following text attributes were changed: 
   font

Compare: Replace�
text
[Old text]: "research,"

[New text]: "communitiesexaminedThecommunitiesexaminedinthisstudyareKotzebue,Shishmaref,"
The following text attributes were changed: 
   font

Compare: Insert�
text
"Utqia˙gvik(previouslyBarrow).Thegeographiclocationofthecommunitiesexaminedarevaried,butallarelocatedalong"

Compare: Replace�
text
[Old text]: "associatedextent"

[New text]: "Alaskancoastline(Figure1)andhavecommunitymemberswhoparticipateinoffshoresubsistence(relianceorpartialrelianceonmarinemammalsasafoodsource"

Compare: Replace�
text
[Old text]: "nature"

[New text]: "away"

Compare: Replace�
text
[Old text]: "localbeneﬁtsthatresearchprojectsshouldprovide(Gearheard"

[New text]: "life)huntingactivities(Ashjianetal.,2010;Callawayetal.,1999)."

Compare: Insert�
text
"KotzebueSoundhastheNoatak,Kobuk,"

Compare: Insert�
annotation
Matching annotation not found

Compare: Replace�
text
[Old text]: "Shirley,2007)."

[New text]: "SelawikriversprovidingfreshwaterseasonallyintotheSound."

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Insert�
text
"TheicetypicallybreaksuparoundlateJuneandfreezesaroundOctober.ThevillageofKotzebueislocatedonagravelspitontheBaldwinPeninsula,andthepopulationisover3,500(NANARegionalCorporation,2016)."

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Insert�
text
"SeaiceuseinKotzebueincludestravelbysnowmachineandfoot,aswellassubsistencehuntingfromtheiceformarineanimalsincludingsheeﬁsh,beardedandringedseals(GeorgetteandLoon,1993)."

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Insert�
text
"ShishmarefislocatedonabarrierislandintheChukchiSea,about0.25mileswideand3mileslong,slightlynorthoftheBeringStraitandabout100milessouthwestofKotzebue.Itisatthecenterofanimalmigrationroutesandalsoacenterofacomplexfood-distributionsystembasedinsubsistencehuntingpractices(Marino,2012).Itishighlyvulnerabletoerosioninparttodecliningseaicecoverprotectingthecoastline(Barnhartetal.,2014)."

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Insert�
text
"ThemembersofShishmarefhavevotedtwicepreviouslytorelocateduetothisproblem,howeverthefundsarenotavailablefordoingso,eventhoughtheywilleventually"

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Move�
artifact
This artifact was moved from page 2 of old document


of this papen,

we describe the Data and Methods, which are separated into subsec-
the Historical Sea Ice Atlas@nd’'WRF-downscaled ERA=Interim datasets; sources of indigenous)
{0 evaluate the changing
in these communities. Second, the Results section describes what we have found in terms of how these met-
the time period from 1979-2014, and earlier
¢ freeze-up and break-up dates of Kotzebue and Shishmaref. Next, the Discussion section links these indices
of impacts for the communities selected, including impacts on travel for subsistence hunting,
d erosion. Finally, the Conclusion section briefly summarizes our main findings.

ods

a Ice Atlas extends back to 1850 with monthly resolution, incorporating various datasets from whaling ship

time to historical ice chart archive (ProduUctSIARAlOg representations of a given month il any temporal or

et al., 20173 Scenarios Network for Alaska and Arctic Planning, 2013). From 1953 through 2013, (quarters

ce concentration values are available and were used here to investigate trends in changes in sea ice concentration

oastlines of selected communities in Alaska. 1@ of HSIAVdataroughlysdoubles e timespan e caniconsideras
sea ice data derived from the passive microwave satellite record, which begins in 1979 The

as a 0.25 x 0.25 degree resolution, and is a compilation of a different HUMBEF of sea ice concentration data. A full list
sources of data into the HSIA can be found on the Scenarios Network for Arctic and Alaska Planning (SNAP) webpage
the quarter monthly data starts in 1953, monthly data in the HSIA goes back to
1850. One caveat to including multiple data sources is that there are a different the number of observations that have gone into

each time segment of data. For example, the frequency of ship-based of observations was not consistent throughout the record
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and the number of available observations increased dramatically with the advent of the satellite era. However, with regard to
the latter, we do not find evidence for anomalous discontinuity in trends around 1978-79, when the passive microwave satellite

data are incorporated into the dataset.
2.2 WRF-downscaled ERA Interim reanalysis products

‘The European Centie for Medium-Range Weather Forecasts interim reanalysis (ERA-Interim) dataset (Dee et al., 2011) has
and Forecasting (WRF) regional
for sea ice) and a 20 km spatial
and 6 hourly temporal resolution.

of temperature and precipitation around Alaska’s varying terrain, and to inform

and Zhang (2001), coupled with the Noah land surface model used within the WRF model to accurately
conditions Overseaice?

ik were selected to represent a range of sea ice states, with varying
nce on subsistence activities, susceptibility to coastal erosion, and interaction with the offshore oil and gas
Figure 1 shows the grid cells selected for each commu-
areas used to analyze ice concentration. The HSIA includes a land-mask, so grid cells near the coastline can
ed. To assess variability in ice conditions most immediately relevant to the security of coastal communities

3), we selected data mean the coastline @f each community. The maximum concentration (greatest fraction

area) was extracted from within this area. (e HAXIUMICONCEAAORWAS EXFACIEandOBIEAYEraged

For the
inalyzed (Bering Strait), the maximum ice concentration from a @75 degrees longitude and 025 degrees latitude

ined. Quarter-monthly data provided by the HSIA were assigned a calendar date by the best approximation of

t day of each quarter-monthly file. (iEREleCHoMORIEIoEAtORToTEATElySISOndoWSCAleERAETISea

The open water period is defined as the duration between the assigned calendar days in the summer season where the ice

concentration stayed below 309 forthe HSIAdataand 5% forthe BRATnterim data)Theiieeze upandibreaksupidaysiends)
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Jare similar if the sea ice concentration threshold that defines them is increased or decreased by 15% from the 30% threshold
used in this analysis. Freeze-up day and break-up day are defined as the time when the ice passes the concentration threshold.

‘The timing at which freeze-up and break-up concentration thresholds are passed does not necessarily imply a phase change,
butalsocaRnClideAavesHoNOPic nEmSOPS i iR VNAS O CurFents? The SlhHyIEHEn threshold of 30% has been used

foritherHSITANdata because it provides a quantitative value for comparison between Communities™If is difficult to determine

at the best thresholds'are in terms of ease of water or ice transportation @f€lbecatsertheigridicelliareacovered) is largetithan
because (ffallows
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3 Results

3.1 Changes in timing of frecze-up and break-up, and number of false frecze-ups and break-ups

(EHEEINg of freeze-up and break-up (ASChangeaforhecommunitiesiexamined) The HSIAAESEEWASISeAEreiiorderto
extend the timeseries freeze-up and break-up timing 27 years prior to the starting date purely satellite-derived datasets (1979
versus 1953). The final fieeze-up and break-up date was taken for those years which showed multiple freeze/break events. The

day for Kotzebue Sound shows a much weaker trend than the freeze-up days for Shishmaref (Figure )3 The linear

of the date of freeze-up is a delay of 2.2 days per decade for Kotzebue and 6.0 days per decade for Shishmaref.

idering break-up timing, Shishmaref again shows about a three times stronger trend than Kotzebue, with Shishmaref
earlier break-up by 3.4 days per decade, and Kotzebue at 1.1 days per decade (Figure @)} The Sighificance of the
break-up trends were evaluated and we found to have p-values above 0.05, and so are considered to not be
freeze-up @dbrEAK-UD NG

f times the sea ice concentration threshold was passed before the *true” freczc-up and break-up date. There have
for all communities examined, but in particular Shishmaref shows many more
a total of 22 false freeze-ups from 2000-2014, with only

in Fecent years

there differences in the trends of freeze-up and break-up between the selected communities, but the variance
well (Table 1). Kotzebue shows (fiioreivariabilitylinithertimingiof freezesupithaniShiShmaref With) 132% of the
ceze-up (fififig) for Shishmaref, and 108% the variance of break-up {ifiiiig) Fractions of the variance that are
the trend are 6% and 2% for the freeze-up and break-up day of Kotzebue, and much higher for Shishmaref at
)% for freeze-up and break-up day respectively. It is important to understand how much the variance plays a role
d because this can give indication of the strength of the trend. If the variability is not large relative to the observed
break-up and freeze-up day, then we have a better chance for determining how much change we can expect to see at

articular time.

Increase in number of days *too windy” for safely hunting via boat: the *hoatable’ open water period is not
increasing s fast as one might think

‘We have found this "boatable” open water period is not increasing as fast relative to the increase in total number of open water
days (Figure 5. Tn other words, the boatable open water period is not increasing as much as one might think, given the recent
ificFeasey in open water diiFation? Kotzebuersna Shishmaref (Figife5A) and B)domotshowasisirongiofirend in (he ifcrease
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in number of windy days over open water as Utgiagvik, although they show an increasing trend of the overall number of days
‘without sea ice cover.
The number of unboatable open water days in Utqiagvik is GTEASINEIA a rate of (R4NdAYS/yEARWILS value of 0.4

(Figure 6). The rate of total increase in open water days is approximately 1.8 times this at 2.5 days/year with a similar 2 value
of 0.47.

number of boatable days is decreasing only slightly relativg to the number of days too windy for subsistence hunting
number of (boatableidaysifrom1979:2014 s roughlyhalf (48%)iof the EotaliUMbErGE open water @ays)
visualized by noticing the red and blue stacked bars are roughly equal in length for each 6 year bin in Figure 5C).
in the fraction of| boatableortotal open water daysifrom 1979=2014; but
of boatable to total open water days in Kotzebue is 60%, about 20% higher than that seen in Utgiagvik.
the number of boatable to total open water days (Figures 5B and C).

of such events over open water have been increasing, par-

of increase in the number of geomorphologically significant wind events over open

2 years, with an 12 value of 0.2, approximately tripling the number of wind events from
from 1979-2014. There has been a shift such that before the time period between

of these wind events over open water, because the ice pack did not recede far enough

has @lS® been an

an increase of about

the weakest increase in such events at about 1 every 10
of such events than Kotzebue (Figure 7B). Over the 36 year time period examined, Kotzebue
t0 46.2 events, while Shishmaref has seen an increase from an average of 49 to 52.6

the first ten years of the dataset (1979-1989) show about 3% less geomorphological wind events over open
than the last 10 years. In Shishmaref, the fraction of erosion-capable wind events 1o total open water period compared
tween the first and last 10-year periods of the dataset are roughly equal. Utgiagvik, in contrast, shows an approximate 6.5%
decrease in the number of wind events over open water to total open water period between the first 10 and last 10 year periods.
This could be due to the large contrast in the total number of open water days between the first 10 and last 10 years, which is
(fotiasilarge asiobserved) in thelother communities.
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4.1 Consequences of changes in the transition period between open water and ice: Timing and number of freeze-up
and break-up events

For Kotzebue and Shishmaref, the delayed freeze-up (Figure 3), and earlier break-up (Figure 4) can impact coastal erosion
rates (Overeem et al., 2011) and change when different modes of transportation are used. During the spring transition period
the open water season) an earlier break-up (Figure 4) means

boat travel. However, there has also been an increase in the number of false freeze-
for the operations of

sea ice ecover and (@penwater) For subsistence communities, the start of

p transition period means a closing window for safe transportation via small boats. ATter the fféeZe=tp transitict
arcas or other communities by snow machine, dog+

o life by altering travel routes, leading to less predictable sea ice conditions which could impact safety of
c number of false freeze-ups has increased in recent years more than the number of false freeze-ups (Figure 2)!
the false
the fall storm season. Shishmaref in particular shows the highest number and greatest increase
in recent years when compared to the other communities examined. A high number of false freeze-ups

for coastal erosion rates (Overeem et al., 2011), or the number of ice
& hazard. The number of false break-ups in Shishmaref is very low for all years
1 false break-up in 2012 (Figure 2). The high number of false freeze-ups and low number of false break-ups
the transtion period between ice cover and open water (for example changing the mode
the break-up season in Shishmaref might be more predictable. Kotzebue shows an increase in recent
- number of false freeze-ups with no false freeze-ups prior 1o the year 2004 False break-ups are less in number
of the river outflow in conjunction with changing air temperatures could be
to the number of false freeze-ups and break-ups in the Sound. The recent increase in the number of
is a further indicator of how ice conditions are changing and how this community must adapt their
a more turbulent break-up season. The two years with the highest number of false freeze-ups
the last 13 years of the 36 year dataset.

to bEFStuck™ in fownrlonger with hampered access o hunting (grounds (IZaidleretral’’2009)) There has been much anecdotal

evidence from community members across the Arctic that suggest the transition periods are becoming more prolonged. A

community member from Kotzebue observes “we have a longer fall and a longer spring o it’s warming on both ends and the
winter is getting shorter ... used to be everything would melt in one week” (Betcher, personal communication).
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The subsistence harvests of all Arctic coastal communities include ice-associated marine mammals such as ringed and
bearded seals, walrus, belugas, and bowhead whales (Moore and Huntington, 2008). The availability of each of these species,
in terms of both the population size and proximity to hunting grounds, is likely to be impacted by changes in ice conditions

related to the timing @RAIPETSISERCEAUMBEL)) of freeze-up and bieakTupevents: Work done by Kapsch et al. (2010) identified

optimal conditions for maximum walrus hunting success in St. Lawrence Island, Alaska, of 0 to 30% ice concentration, and

ecific windows of wind speeds, temperature, and visibility. This suggests that a delayed freeze-up will shift the optimal

s hunting conditions to later in the year, though Kapsch et al. (2010) found that hunting success was more sensitive to ice

ons in spring than fall, Tnteiviewsicollected by Krupik and Jolly(2002)idicate thatopen watercanbe a driveronears)
and can make walrus hunting difficult, Waves generated from open water offshore have been shown to accelerate the
sea ice (SqUITEETAIIOOS) |

in early May or mid-May—about a week or even two weeks earlier than usual. I guess

in spring is the main thing that affects the ice. Spring walrus
because the ice moved up north very quickly. Hunters had to go much further to get the
and then they just stopped going, because the ice was so far away” (Condrad Oozeva, October 2001 in

e ice-associated year-round, and breeding occurs on stable ice with good snow cover. If a delayed freeze-up
2) means there is less time for the snow cover to
ore exposed to predators due to inability to construct an adequate lair (Kovacs et al., 2011). Bearded seals
gatively impacted by an earlier break-up (Figure@)j because they require stable seasonal ice late in the spring
d moulting (Kovacs et al., 2011).

changes of animals that have been hunted for generations contribute to problems in number of catch, adap-
must be found. It has been noted by communities in Nunavut, Canada that the delayed freeze-up results in
ayed seal hunting, altered travel routes, and more difficulty locating the seals (Laidler et al., 2010). ravel be-
ities impacted by the timing of ff€€Ze=up copld limit availability of subsistence animals which are not harvested

of one particular community, but which must be traded between another community.

the WBEF of Windy/daysover open water and OpenWater duration
freeze-up and early break-up, the resulting lengthened open water season allows for more time for winds
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by an increase in the number of high wind events (Figures SC and 6) over open water. The trends of number of boatable open
‘water days in conjunction with the increase in total number of open water days should be taken into account when examining
the impacts of climate change on subsistence activities taking place from boats.|Greater wave heights caused by increased fetch
can hinder hunting success much more than prey abundance due to Tack of access to the prey. Hansen ct al. (2013) examined
wind speeds recorded at Utqia§yik in conjunction with threshold wind speeds reported by Wainwright hunters which were
or Bowhead'whales in §pring) and 12%%in

In terms of handling larger waves due to increased fetch and the increasing amount of time open water is

d to storm activity, perhaps hunters can obtain access to more stable, suitable, and bigger boats. The impacts of climate
nd changes in the timing of freeze-up and break-up might be less severe if communities are able to adapt their hunting
ectively.
and break-up timing (Figures 3 and 4), trends in open water duration vary considerably depending on
and 6).(Utgiagvik shows the largest change between the first and last 10-year periods of the dataset (1953-
open water duration s Shishmaref, followed by Kotzebue. Due to the smaller

the (Ieast’change in the fUmber of Gpeniwateridays)
y in freeze-up and break-up dates has to do with changes in oceanic heat input. SincelKotzebuerSoundis
the larger Bering Strait throughflow and changes there, this could be a reason Kotzebue Sound
of a change than outside of the Sound. The changes in river discharge can also impact freeze-up date, because

the warmest water present in the Chukchi Sea in summer to be
and this warm water extends along the coast forming a tongue to Point Hope. Starting slightly further
in the Bering Strait inflow and the Alaska Coastal Current (ACC). The ACC is relatively
from (€astiside’of BeringiSea to the €astiside
 Strait surrounding Point Hope (Ahlnis and Garrison, 1984). It has also been suggested there is an increasing
the Bering Strait throughflow (Woodgate, 2012), and ice cover near Wales and
a significant loss in multiyear icc in recent years (Drobot and

& O CORFIBUORIO e abpECHAREENR number of open water GAYSIERE) | |

nt rapid changes in the length of open water season at (UtqidgViki(Figuresisy6iandi9) have led to a Sighificant'change
aritime traffic destined for (UtqidgVik or locations further east (Smith and Stephenson, 2013)) Although there is large

tterannual variability in the number of open water days, there is a marked increase in open water duration. Not only at

(Utqiagvik; but longer navigation seasons along other Arctic coasts are very likely, which is leading to an increased use of
coastal shipping routes and development of offshore continental shelves (Instanes et al., 2005). (However itishouldialsorbe

(6ffi6adige6dsy A ssociated political, economic, and social consequences for residents of Arctic coastal areas could be significant |

s and possibly outweigh direct physical impacts from global warming.
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The Bering Strait, which is a key area for Arctic shipping, also shows a significant upward trend in the number of open
water days per year (Figure 8)) The five-year running mean of open water days in the Bering Strait shows an approximately
70 day increase in the number of open water days from when the dataset began in 1953. The lengthened open water season
has implications for vessel traffic because when the time window of open water is narrow, quick decision-making and accurate

prediction of sea ice movement becomes vital for navigating through sea ice hazards (Whiteman, 2011). The break-up and

eeze-up timing of the Bering Strait is important for vessel navigability, and when they can leave port for travel through the

nited States Coast Guard (2013) reports a 118% increase in maritime transit through the Bering Strait from 2008 to
ently, the US Coast Guard has released a recommended shipping route through the Bering Strait (United States Coast
7), that can be used by vessels transporting goods, as well as a new tourist cruises made possible by the lengthened
eason. This defined shipping route away from the coastline could help alleviate hazards from potential oil spills,

sier to regulate speed limits and traffic numbers so as to minimize interference with the many marine subsistence
h use the Strait for their annual migration (Braham, 1980; Sakakibara, 2011). (ASimeéntionediprevously;whale)

s difficult to determine what impacts increased vessel traffic will have on the food, water, and energy security

unities because the changes are happening very fast. [EGoTOmICAlNCIEased Shippingcould Enhanceade

Food security could be impacted in the sense that @fyrificteases|ifi goods delivery
ertain coastal communities or individual members (for example, young people) Gfthoseicommunities to more

tsourced food products, instead of relying on subsistence.

of geomorphologically significant wind events and consequences for

mented that a lengthened period of open water leaves Arctic shorelines more vulnerable to erosion from autumn

hart et al., 2014; Overeem et al., 2011). (Moteover; along theAlaskan coast during the) open water Pefiod;we
the number of wind events capable of doing geomorphological work or are hazardous o habitat or infrastructure

Parkinson and Comiso (2013) presented a
able variation of coastline exposure due to inconsistencies in trends of the delayed freeze-up and earlier break-up of sea
but this study analyzed years starting with the satellite era in 1979. By using HSIA data, we were able to quantify changes in
e duration of the open water period along various areas of the coastline since 1953 (Figure 5), before the satellite data became
available. Although there are other factors that influence coastal erosion rates (e.g. permafrost extent, surface geology, wind
direction), changes in the number of wind events able to geomorphological work may also be an indicator of how vulnerable a

particular coastline is to erosion. Afilificreaselinthesewindieventsswhich can CieateSighificant’Storm Surge can also bera'threat
(o food security. For example, in Shishmaref, an October 1997 storm caused 30 ft waves and swept away multiple families’

11


Compare: Move�
text
This text was moved from page 4 of old document

Compare: Move�
text
This text was moved from page 4 of old document

Compare: Move�
text
This text was moved from page 5 of old document

Compare: Move�
text
This text was moved from page 5 of old document

Compare: Move�
text
This text was moved from page 5 of old document

Compare: Move�
text
This text was moved from page 6 of old document

Compare: Replace�
text
[Old text]: "Forexample,increaseddevelopmentofcoastalshippingroutescouldleadtoanincreaseintheavailabilityofnon-subsistencefoodandgoods,andalsosocialchangessuchasanincreasednumberofassociatedmixed-wageopportunities.Thesecombinedindirecteffectsmaybemoresigniﬁcantthanthedirectconsequencesofanincreasedopenwaterseasononsubsistencehuntingactivities."

[New text]: "51015202530"
The following text attributes were changed: 
   font, size

Compare: Replace�
text
[Old text]: "6)."

[New text]: "8)."

Compare: Replace�
annotation
The following annotation attributes were changed: 
   other

Compare: Delete�
text
"will"

Compare: Insert�
text
"Asmentionedprevously,whalehuntershavereportedashavingtotravelfurtherfromshorewhenthenoisefrombargetrafﬁcdisturbsthewhales(Ashjianetal.,2010)."

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Insert�
text
"Economically,increasedshippingcouldenhancetradeandreducecostsforArcticcommunities,andincreaseddevelopmentofresourcescanprovideemploymentandincomeforArcticresidents(EllisandBrigham,2009)."

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Move�
text
This text was moved from page 9 of old document to page 11 of this document

Compare: Move�
text
This text was moved from page 9 of old document

Compare: Delete�
annotation
Matching annotation not found

Compare: Insert�
text
"Increasingwindsoveropenwater:Number"

Compare: Delete�
text
"5.2Theimportance"

Compare: Replace�
text
[Old text]: "knowledgesharingfromdifferentsocietallevelsCumulativeimpactsfromalengthening"

[New text]: "geomorphologicallysigniﬁcantwindeventsandconsequencesforerosionMoreover,alongtheAlaskancoastduringthe"

Compare: Replace�
text
[Old text]: "seasonarebeingseenonavarietyofsocietalscales,cascadingfrom"

[New text]: "period,wehavefound"

Compare: Replace�
text
[Old text]: "highlevels"

[New text]: "number"

Compare: Replace�
text
[Old text]: "governmentandwell-resourcedprivatecompaniestolocalinteractionsbetweenmembers"

[New text]: "windeventscapable"

Compare: Replace�
text
[Old text]: "aruralsubsistencecommunity.Thedecision"

[New text]: "doinggeomorphologicalworkorarehazardous"

Compare: Replace�
text
[Old text]: "drillforoiloffshore"

[New text]: "habitatorinfrastructureareincreasing,butparticularlyalongthenortherncoastinUtqia˙"

Compare: Insert�
text
"Anincreaseinthesewindeventswhich"

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
text
"gvik(Figure7)."

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Replace�
text
[Old text]: "providecoastalcommunitieswithjobs,but"

[New text]: "createsigniﬁcantstormsurge"

Compare: Replace�
text
[Old text]: "changeaccess"

[New text]: "beathreat"

Compare: Replace�
text
[Old text]: "huntinggrounds.Itisthisinevitableconnectednessbetweenhighlevelsofgovernment"

[New text]: "foodsecurity.Forexample,inShishmaref,anOctober1997stormcaused30ftwaves"

Compare: Replace�
text
[Old text]: "localcommunityinteractionthatnecessitatesefﬁcientsharing"

[New text]: "sweptawaymultiplefamilies’"

Compare: Move�
artifact
This artifact was moved from page 11 of old document

Compare: Replace�
text
[Old text]: "increased"

[New text]: "anyincreasesin"

Compare: Delete�
text
"ofthosecommunities"

Compare: Insert�
text
"ofthosecommunities"


‘winter supply of food which was stored on top of permafrost, but under sand. In addition to food storage locations, multiple
homes have had 1o be relocated and school housing, a warehouse, and a tannery were also threatened (Callaway ¢t al., 1999).

By applying simple thresholds identified using local and indigenous knowledge, we have demonstrated that (o large-scale cli-

5 mate datasets can be used to assess the impacts of a changing climate to the three Alaska coastal communities of Kotzebue,

‘Shishmaref, and Utgiagvik (previously Barrow). The methods used in this study can be applied to any Arctic coastal commu-

nity, though the specific thresholds and impacts of changes are likely to differ. Changes in the open water period arc not able to

capture the full story of the impacts of changes in ice cover, as we have demonstrated in this study. For example, if a time period

of open water is too windy for hunting or travel by boat is now replacing a time period which would have in previous years been

10 a stable ice cover suitable for snow machine, then hunting success due to ice change could decine. Along with the timing of

the "true” freeze-up and break-up, the number of false freeze-ups and false break-ups are important to consider because a more

turbulent change in the transition period between open water and ice cover also will impact how easy it is to change modes

of transportation over open water and ice. A high number of false freeze-ups and break-ups during the shoulder seasons can

make it more (problématic) and Causermembers of coastal communities to (betfappedwithoutateliable method of transportation

15 (Laidler et al., 2009). The more prominent recent increase in the number of false freeze-ups compared to the number of false

break-ups (particularly in Shishmaref) might suggest the impacts during the freeze-up period are more profound and harder to

predict than the impacts during the break-up transition. The number of *boatable’ open water days is not increasing as much

s one might guess fiom the lengthened open water period, particularly in Utqiagvik. The number of wind events capable of

performing significant erosion or destruction of habitat or infrastructure (Atkinson, 2005; Solomon et al., 1994) for Utgiagvik

20 again showed the strongest increase, with roughly three times the number of events since 1979 as occurred later in the record

oR2014n Thicughytheseindices we have demonstiated that the use of aditional knoWledge in conjunction with |ATgEssEale
climate [datasets canbe'a powerful tool in cvaluating the impacts of Climate’changeat local scalesy

Data availability. The | Historical Sea Ice Atlas, available for download at

http : //data.snap.uaf.edu/data/Base/Other [ Historical s ca (eeitlas] The WRE-downscaled ERA=Tnteriim datasetwas made avail-
25 able by Peter Bieniek at University of Alaska Fairbanks.
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Figure 2: The number of false freeze-ups and break-ups per year, identitied by
ERA-I daily sca ice concentration data. False freeze(break)-ups are defined as
*iceMand“
ice concentration threshold value of 15% before the last freeze(break)-up was
finally achieved.
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Figure 3, Trends in freeze-up day of year for Kotzebue and Shishmaref. Blue line is yearly freeze-up day, and green line indicates the 5-year
running mean. Datafronm HSIAY
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Figure 4/ Trends in break-up day of year for Kotzebiie and Shishimaref? Blue line is yearly freeze-up day, and green line indicates the 5-year
running mean. Datafrom HSIAD
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Figure 5. The number of days deemed too windy for boat travel for subsistence hunting (> 6 /s, (Ashjian et al, 2010)) are increasing along
il the GRESIAg number of open water days (AUbEFONUAYSIESS IS sca icc CONCETETON)
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Figure 82 Number of open water days in the Bering Strait shown along with the trend line (red) and as a 5-year running mean (bold green

line). Data from HSIA.
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Impacts of a lengthening open water season on Alaskan coastal
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Abstract. Itfistoften'remarked that"Arctic coastal Communitiesareron the'frontlines of the impacts related™to the Fapidly)

diminishing ice pack. These impacts can have direct effects on communities, such as reduced access (o subsistence hunting
species, or increased wave height and coastal erosion. There are also indirect effects driven by external socioeconomic systems,
such as increased maritime activity, which may provide local economic benefits while increasing potential for disruption to
(subsistence activities: Here,; weuse the Historical Sea Ice Atlas (HSIA) dataset to assess the potential direct and indirect impacts
from sea ice change for selected Alaska communities. (The"HSIATprovidesiseatice concentration for the'Bering, Chukehirand
Beaufort Seas on a 0.25-degree grid for the period 1953-2013. We estimate the timing of freeze-up and break-up, which is
epoited by IoCal FeSidentsIo7be of Eical mpOANGe for subsistence hunting EeVIiEs ANAo0d SecuFityWe Calculate the
‘open water season length and extend the existing timeseries of the Barnett Severity Index (BSI), which assesses the impact of
ice conditions on maritime traffic destined for the Beaufort Sea. We find consistent trends toward later freeze-up and earlier
(break=up; leading to a lengthened open water (period:In Utqiavik (formerly Barrow); there'is evidence of anavigational regime
change in the 19905 when the pack ice edge started to routinely retreat beyond this most northern community.

1 Introduction

Climate change is one of the multiple global drivers impacting the food security of northern communities (Loring and Gerlach,
2015), and the impacts of climate change can be separated into two distinet categories: direct and indirect impacts.(The proposed
definition of direct impacts here are those impacts directly induced by climate change that are not influenced by global socio-
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exploration, but only if economic conditions allow.

‘The challenges associated with the place-based nature of climate change impacts have also been documented, such as
how people respond to environmental change (Loring et al., 2016). Challenges also include appropriate definitions of what
constitutes acceptable impacts of research, and the associated extent and nature of local benefits that research projects should

(provide’(Gearheard and Shifley;2007)7 When trying to downscale large-scale climate observations, complex inter-connections
between communities and the environment can often be overlooked, (Huntington et al., 2009). We therefore recognize the

Limportance of incorporating local knowledge in understanding and quantifying the impacts of such direct changes (Huntington

et al., 2009).

Community interaction and feedback is useful to identify the social relevance of climate system variables commonly used
by scientists. For example, sea ice concentration, thickness, and extent can be considered “primary” geophysical variables
for an Arctic ocean study, but for indigenous Arctic coastal communities, timing of freeze-up and break-up are among the
most important criteria that define the state of the sea ice regime locallx(Berkes and Jolly, 2002;Perman and Kofinas, 2004;
Laidler et al., 2009). Residents of jretic coastal communities report that thie sca ice is changing in fmany othier ways; including
(increasedrpresence of Totten ice and fheWay the ice bfeaksTup (Kitki2013)% While these changes are unlikely to be directly
captured in climate-scale observations, local community members connect these changes with trends that can be indicated
from the length of the transition season. Fhis-type-of metrie can be @Xaminedusinglarge=scale datasets: Thus;ificorporation) of
indigenous knowledge allows the application of large-scale datasets to examine relevant local impacts.

In this §tuidy,) we use the Historical Sea Ice Atlas (HSIA) dataset to (uantify 'changes’in sea ice jin the AlasSKavArcticiover
the last several decades, and explore the idea that globally-induced effects on local communities due to climate change can be
analyzed separately from those induced by direct climate change impacts.

Specific examples of Arctic rural communities are presented here to highlight the differences between the direct effects of
climate change and the indirect global impacts. We explore past events and local community differences in the magnitude of
the increasing open water window.

2 Data and Methods |

The Historical Sea Ice Atlas extends back to 1850 with monthly resolution, incorporating various datasets from whaling ship
logs taken at that time to historical ice chart archive (productsyaswelllas bestanalog representations of a given month fillifig any
temporal or spatial gaps) (Walsh et al., 20163 Scenarios Network for Alaska and Arctic Planning, 2015). From 1953 through
2013, (quarter=monthly) sea ice concentration values are available and were used here to investigate trends in changes in sea
ice concentration along the coastlines of selected communities in Alaska. The'commiunities of Baffow, Kotzebue, Shishimaret)
and Nome were selected to represent a range of sea ice regimes, with varying levels of dependence on subsistence activities;
‘suchias susceptibility to coastal erosion and interaction with the offshore oil and gas industry: In addition. an offshore area was
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analyzed-in-the Bering-Strait: Figure 1 shows the grid cells selected for each community and offshore areas used to analyze ice
concentration.

Use-of HSTA-data roughly-doubles-the-timespan-we-can-consider-as-compared-with-relying-only-en-satellite-derived-sea
ice-data: The HSIA has a 0.25 x 0.25 degree resolution, and is a compilation of a variety-of different sources of sea ice
concentration data. A full list of all sources of data into the HSIA can be found on the Scenarios Network for Arctic and Alaska
Planning (SNAP) webpage ((littpi//seaiceatlas'snap:uaf.edu/about)"While the quarter monthly data starts in 1953, monthly data
in the HSTA goes back to 1850. One caveat to including multiple data sources is that there are a different the number of
observations that have gone into each time segment of data. For example, the frequency of ship-based of observations was
not consistent throughout the record and the number of available observations increased dramatically with the advent of the
satellite era. However, with regard to the latter, we do not find evidence for anomalous discontinuity in trends around 1978-79,
when the passive microwave satellite data are incorporated into the dataset. The HSIA includes a land-mask, so grid cells near
the coastline can be readily identified.

Coastal-areas-are-utilized-by-rural-Alaskaresidents for Subsistence hunting and fishing!'Coastallareas are also used, for
transportation and barge deliveries. All of these are impacted by the presence or absence of sea ice (though we note that barge
deliveries and other maritime traffic may be affected by non-local ice conditions as well, particularly at ’choke points’ en
roiite)) To assess variability in ice conditions most immediately relevant to the security of coastal communities (Loring et al.,
2013), we selected data ffomWithin'SO'KAGf the coastline @Ad75 Kmaleng the'coastlifie ffom cach community. The maximum
concentration (greatest fraction of sea ice per unit area) was extracted from within this area. For the offshore area analyzed
(Bering Strait), the maximum ice concentration from a @5 degrees longitude and 075 degrees latitude box was examined.
Quarter-monthly data provided by the HSIA were assigned a calendar date by the best approximation of the midpoint day of
each quarter-monthly file. The open water period is defined as the duration between the assigned calendar days in the summer
season where the ice concentration stayed below 309l Freeze-up day and break-up day are defined as the time when the ice
passes the thirty-pereent concentration threshold.

The threshold of 30% has been used because it provides a quantitative value for comparison between Communities; although
it is difficult to determine what the best thréshold in terms of ease of water or ice transportation is because of the (grid'cell
resolution @25 and boat/siow machines are fuch smalles than this] The freeze-up-and-break-up-day-trends are similar if
the sea ice concentration threshold that defines them is increased or decreased by 15% from the 30% threshold used in this

analysis.

3 Results
3.1 (Timing of freeze-up and break-up

The freeze-up day for Kotzebue Sound shows a much weaker trend than the freeze-up days for Barrow or Shishmaref (Figure
2)) The linear trend of the date of freeze-up is a delay of 2.2 days per decade for Kotzebue and 6.0 days per decade for

Shishmaref. In-the-early-part-of the record;there-were-years-in-which-the-maximum-ice-coneentration near Barrow-did not-fall
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Considering break-up timing, Shishmaref again shows about a three times stronger trend than Kotzebue, with Shishmaref

seeing an earlier break-up by 3.4 days per decade, and Kotzebue at 1.1 days per decade (Figure3): The §iiing of break-up and |
freeze-up trends in the Bering Strait (not shown) are 4.9 days per decade and 5.0 days per decade. The linear trend of the date
'of freeze-up was not calculated for Barrow, due to a relatively higher error from our interpolation of 30% freeze-up dates in
‘earlier years when the ice concentration never reached below 30%.

Not only are there differences in the trends of freeze-up and break-up different between the selected communities, but the
variance is different as well (Table 1). Kotzebue shows |132% of the variance of freeze-up @@y for Shishmaref, and 108%
the variance of break-up @ays Fractions of the variance that are explained by the trend are 6% and 2% for the freeze-up and
break-up day of Kotzebue, and much higher for Shishmaref at 44% and 20% for freeze-up and break-up day respectively. It is
important to understand how much the variance plays a role in the trend because this can give indication of the strength of the
trend. If the variability is not large relative to the observed trend in break-up and freeze-up day, then we have a better chance

for determining how much change we can expect to see at any particular time.

3.2 Duration of ppen water

(Following the differences in rends of freeze-up-and-break-up-timing; open water ([dufation'varies'considerably depending on
location (Figure 4). Barrow shows the largest change from the first 10 to the last 10 years of the dataset (1953-1963 to 2003-
(2013)1 The next greatest increase in open water @urationisiWales; followed by Shishmaref and thenNomerDue'to thesmaller
trends in freeze-up and break-up timing, it is not surprising tha ebue-shows the (€astichange) in the number of ppen water
(days) Some variability in freeze-up and break-up dates has to do with changes in oceanic heat input. Since Kotzebue Sound is
somewhat more isolated from the larger Bering Strait throughflow and changes there, this could be a reason Kotzebue Sound
is showing less of a change than outside of the sound. In addition, changes in river discharge can also impact freeze-up date,
with a deeper freshwater lens over the Sound hastening freeze-up under the same atmospheric forcing.

4 Discussion: Ramifications of direct impacts
4.1 Enhanced coastal erosion

It is well documented that a lengthened period of open water leaves Arctic shorelines more vulnerable to erosion from autumn

storms (Barnhart et al,, 2014; Overeem et al., 2011). Mereover; the number of §torms along) the forthern Alaskan'coastthat
(fake'placerduring the open water [period may) be ifcreasing (Figure'5) Parkinson and Comiso (2013) presented a quantifiable

variation of coastline exposure due to inconsistencies in trends of the delayed freeze-up and earlier break-up of sea ice, but

this study analyzed years starting with the satellite era in 1979. By-using HSTA-data;-we-were-able-to-quantify-changes in the
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10 that are due to increased fetch and the increasing amount of time open water is exposed to storm activity, perhaps hunters can
(obtaiiTaccess to more stable; Suitable;and biggerboats) The impacts of climate change and changes in the timing of freeze-up

and break-up might be less severe if communities are able to adapt their hunting practices effectively.

4.3 Preyavailability

The subsistence harvests of all Arctic coastal communities include ice-associated marine mammals such as ringed and bearded
seals, walrus, belugas, and bowhead whales (Moore and Huntington, 2008). The availability of each of these species, in terms

of both the population size and proximity to hunting grounds, is likely to be impacted by changes in ice conditions related to

the timing of freeze-up and (breakaup I thiS Sesenfuture préysavailability couldberindicated by fhefieezesup and breaksup
trends seen in the HSTA data (Figures 2 and 3). Species reported to be particularly sensitive to ice conditions are walrus and

bowhead whales. For a later freeze-up, walrus have had (o shift where they give birth so that they have can have access to the
20 | seaice((Bufns;1970): Work done by Kapsch et al. (2010) identified optimal conditions for maximum walrus hunting success in

St. Lawrence Island, Alaska, of 0 to 30% ice concentration, and specific windows of wind speeds, temperature, and visibility.
This suggests that a delayed freeze-up will shift the optimal walrus hunting conditions to later in the year, though Kapsch et al.
(2010) found that hunting success was more sensitive to ice conditions in spring than fall.
Other shifts in hunting are occurring with changes in the Bowhead whale migration, because Bowheads are arriving earlier to
25 the Beaufort in August (Clarke et al., 2014). Their migration is influenced by polynas and leads (Lowry, 2000). An indication
of changes in the time window of migration for whales through the Bering Strait could be the increase in number of open water

(Harwoed-et-al;;-2015): Ringed seals are ice-associated year-round, and breeding occurs on stable ice with good snow cover. If

30 adelayed freeze-up (Figure 2) means there is less time for the snow cover to develop, pups are more exposed to predators due
to inability to construct an adequate lair (Kovacs et al., 2011). Bearded seals are likely to be negatively impacted by an earlier
break-up (Figure (3)j because they require stable seasonal ice late in the spring for raising pups and moulting (Kovacs et al.,
2011).
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If the migration changes of animals that have been hunted for generations contribute to problems in number of catch,

adaptation solutions must be found. It has been noted by communities in Nunavut, Canada that the delayed freeze-up results

in thinner ice, delayed seal hunting, altered travel routes, and more difficulty locating the seals (Laidler et al., 2010). (Changes)

= . Not-only-subsistence-hunting;-but-travel between communities is impacted by the timing of
(can affect trade and exchange of subsistence catchrand’'goods: This could limit availability of subsistence animals which are

not harvested from hunters of one particular community, but which must be traded between another community.

A transition period can be defined as the portion of the seasonal sea ice cycle between the time of open water and frozen ocean.
(Here;wedefine'the freeze-up ffansition period as) the time it takes for ppen Water (0% Seaiiceconcentration) to freeze to @30%
'sea ice concentration. Similarly, the breakup transition period is defined here as the time it takes for 30% sea ice concentration
ffordecrease and beeome open water. For subsistence communities, the start of the freeze-up transition period means a closing
window for safe transportation via small boats. After the freeze-up transition, once landfast sea ice has formed it becomes safet
to travel to hunting areas or other communities by snow machine, dog-sled, or regular street vehicles. The SpFing transition
period has been showing an earlier break-up (Figure 3), and, in some areas of the Arctic, a longer transitional stage has been
reported. These reports show uneven ice deterioration which alter travel routes, causing people to be “stuck” in town longer
(With hampered access to huinfing gfounds (IZaidler et @572009)% There has been much anecdotal evidence from community
members across the Arctic that suggest the transition periods are becoming more prolonged. Ross Schaeffer from Kotzebue
observes “we have a longer fall and a longer spring so it’s warming on both ends and the winter is getting shorter ... GiS€d' 6
(beeverythingwould melt in Ghie' WeeK” 'Schaeffer(2013)) The changing shoulder seasons interfere with the native subsistence
way of life by altering travel routes, leading to less predictable sea ice conditions which could impact safety of the hunters.
Changes-in-the-ice-conditions-have-been-documented for SeVerallcommunities in Nufavut;including Iglooliky Panghirtung; and
Cape Dorset (Laidler et al., 2008; Laidler and Ikummag, 2008; Laidler and Elee, 2007). For example, in Igloolik, elders have
noticed both an extended freeze-up period, and an extended break-up transition length:

“What [1] have noticed...in the last five to eight years, [is that] when it should be freezing up..it becomes overcast, snow
(StartsTfalling forrarlong period of time--Seo-that-affectsfreeze-up-—In-that-whenever-it's-overeast the ({€mperature fiSesiabit)
freeze-up doesn't occur as quickly, or it doesn't even occur at all at some times when you have clouds and the wind working
together” (Aqiaruq, 2004b).
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in Siberia and the INTASKARVATEEiE and the feiConditions during Summer ot Alaskan Shipping
2 long-range (e.g. from April to summer) method for forecasting sea ice was developed
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and cover the years from 1953 through 2013. The calculation for this index includes
Baffow to the Seariceredge; and characteristicsTof €ase of shipping-from-Prudhee-Bay-to the Bering Séa
and Drobot (2003) correspond well with the number of open water days

a low BSI (unfavorable ice conditions)
number of open water days, while HSIA data shows no open water days, and so a corresponding HSIA BSI
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rapid changes in the length of open water season at (Baffow (Figtire!7) have led to a (fegime shift”) for maritime
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Although there is large interannual variability in the number of open water days, there is a marked
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30%-sea-ice-concentration): Not only at (Poinf'Barrow, but longer navigation seasons along other Arctic coasts @8 very likely,
which is leading to an increased use of coastal shipping routes and development of offshore continental shelves (Instanes et al.,

2005). Associated political, economic, and social consequences for all residents of Arctic coastal areas could be significant
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and possibly outweigh direct physical impacts from global warming. (Fér'éxample; inicreased development of coastal Shipping
routes could lead to an increase in the availability of non-subsistence food and goods, and also social changes such as an
increased number of associated mixed-wage opportunities. These combined indirect effects may be more significant than the
direct consequences of an increased open water season on subsistence hunting activities.

The Bering Strait, which is a key area for Arctic shipping, also shows a significant upward trend in the number of open
water days per year (Figure 6)) The five-year running mean of open water days in the Bering Strait shows an approximately
70 day increase in the number of open water days from when the dataset began in 1953. The lengthened open water season
has implications for vessel traffic because when the time window of open water is narrow, quick decision-making and accurate
prediction of sea ice movement becomes vital for navigating through sea ice hazards (Whiteman, 2011). The break-up and
freeze-up timing of the Bering Strait is important for vessel navigability, and when they can leave port for travel through the
Strait.

The United States Coast Guard (2013) reports a 118% increase in maritime transit through the Bering Strait from 2008
to 2012. Recently, the US Coast Guard has released a recommended shipping route through the Bering Strait (United States
Coast Guard, 2017), that will can be used by vessels transporting goods, as well as a new tourist cruises made possible by
the lengthened open water season. This defined shipping route away from the coastline could help alleviate hazards from
potential oil spills, and make it easier to regulate speed limits and traffic numbers so as to minimize interference with the many
marine subsistence mammals which use the Strait for their annual migration (Braham, 198& Sakakibara, 2011). lt is difficult
to determine what impacts increased vessel traffic will have on the food, water, and energy security of coastal communities
because the changes are happening very fagt. Food security could be impacted in the sense that ificreased goods delivery
might influence certain coastal communities or individual members of those communities (for example, young people) to more

heavily rely on outsourced food products, instead of relying on subsistence.

5.2 ‘The importance of knowledge sharing from different societal levels

Cumulative impacts from a lengthening open water season are being seen on a variety, of societal scales, cascading from the
high levels of government and well-resourced private companies to local interactions between members of a rural subsistence
community. The decision to drill for oil offshore can provide coastal communities with jobs, but can also change access
to hunting grounds. It is this inevitable connectedness between high levels of government and local community interaction
that necessitates efficient sharing of knowledge on all societal scales. Due to the predominant direction of the cascade (e.g.

‘glance graphical user interface option). It is therefore very important to support studies and efforts that are able to identify key
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the coupled

Thefact that traditional-Arctic communities have-existed-for-eenturies-means-a-successful-understanding of thelthreats
present in the harsh Arctic climate, sustainable resource use, and an understanding of how natural resource availability varies
over time. Knowledge from these communities is therefore indispensable for large global actors such as government bodies
and multinational companies (o understand how their own actions will impact the local ways of life. An example of progress
‘being made on this front is when visitors to communities rely on local knowledge for risk assessment, such as when researchers
visit a community and are given advice about where and when is safe to go out on the ice.

Using the HSIA quarter-monthly dataset we have evaluated changes in the local sea ice regimes near Alaska coastal com-
munities and at other key points of interest for commercial maritime activities over the period 1953-2013, such as extending
the Bamnett Severity Index (BSI) calculated timeseries. The BSI is useful because it provides a metric for ease of shipping
derived directly from sea ice conditions. Examining how this has dramatically changed over recent years provides a context for
‘evaluating future change in Arctic communities.

Our analysis reveals a regime-shift in the number of open water days at Barrow, as well as differences in the timing of
freeze-up and break-up among Alaskan coastal communities. Freeze-up was shown to have more of a delay in Shishmaref than
Kotzebue with freeze-up oceurring later by 6.0 days per decade and 2.2 days per decade, respectively (Figure 2). Shishmaref
also showed about a 3 times stronger trend in timing of earlier break-up timing, given an earlier break-up in Kotzebue of 1.1
days per decad 3.4 days pr decade in Shishmare! (Figure 3.

the traditional spring whale hunt since 1953, roughly
ISR it (Figure-3)- Wi carlicr-coastal-brelc-up-and more ESNSETIISSTSNVINENONSENESSNIG -1 g
_ofhﬁwesﬁﬂg—beﬂxe&d—wha}es—m—Baﬁew mpe

We-have-identified-two-types-of -impacts-on-Alaskan coastal communities likely to Fesultfrom these’changes) in Searice?
indirect and direct effects. Further quantitative comparison of direct versus indirect impacts is left for future work, although
‘we expect the balance of impacts will be locally specific and depend upon the severity of sea ice change, coastal morphology,
Tocal hunting practices and connectedness to the global economy. The extended open water season allows for indirect impacts
‘tourism. Direct impacts from reduced sea ice presence come from changes in timing of freeze-up and break-up, which have
been documented to impact safety of travel and access to hunting grounds.

‘The sea ice regime variables of the timing of freeze-up and break-up have the greatest impact on local activities. Knowledge
oo o il e ness Joivest il el Lol Ukl e ladls=d o disi ng ezl o deie el luclies, et sl g
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Figure 2: Trends in freeze-up day of year for Kotzebue and Shishmaref. Blue line is yearly freeze-up day, and green line indicates the 5-year

running mean. For Barrow, some years did not reach below a 30% sea ice concentration, so freeze-up days for these years were calculated
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Figure 5. The number of extreme fall storm events during the open water period may be increasing along the northern Alaskan coast. Extreme
storms defined here are those events in the top 1 percent of pressure gradient difference. Data is from NCEP Reanalysis. Figure provided by
‘William Chapman, University of Ilinois.
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Figure 73 Number of open water days at Baffow, AK has increased substantially since the dataset began in 1953. There has been afegimes
(Shift” such that after 1992, Baffow has seen at least some days of open water. Bold féd"and'bluelines’'show the 5 year running mean of the
BSTand the number of open water days as defined by a 30 percent sea ice concentration hiféshold;fespectively Batnett Severity Index (BSI)
agrees well with increasing open water trend (lower values indicate higher severity ice years)
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Table 1. Variance-of freeze-up-and-break-up-trends

Freeze-up Kotzebue
Freeze-up Shishmaref
Break-up Kotzebue
Break-up Shishmaref

Trend [days/year]

0.23
0.60
-0.10
-0.34

23

% variance
explained by trend
6

44

2
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