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Abstract: The temporal and spatial variation in seasonal sea ice in Arctic Bay, Nunavut, are examined
using time series and spatial clustering analyses. For the period of 1971 to 2018, a time series of
sea ice break-up, and freeze-up, dates and ice-free season length at nine grid points are generated
from sea ice charts derived from satellites and other data. These data are analysed temporally and
spatially. The temporal analyses indicate an unambiguous response to a warming climate with
statistically significant earlier break-up dates, later freeze-up dates, and longer ice-free seasons with
clear statistically significant linkages to local air temperature. The rate of change in freeze-up dates
and ice-free season length was particularly strong in the early 2000s and less in the 2010s. Spatial
clustering analysis indicated a roughly linear pathway of south to north behaviour, following the
contours of the bay with the exception of modified behaviour for landfast sea ice near the hamlet of
Arctic Bay. The temporal analysis confirms and expands upon an earlier time series analysis of local
seasonal sea ice. The spatial analysis indicates that while the ice-free season is increasing, it does not
provide clear evidence that there has been a regime change in the seasonal characteristics of how sea
ice forms and melts each year.

Keywords: sea ice; Arctic Bay; times series analysis; spatial analysis; break-up; freeze-up; ice-free
period; climate change

1. Introduction

Arctic Bay (Ikpiarjuk), Nunavut (73.04° N, 85.15° W) is a coastal Inuit hamlet located
on the northwest corner of Baffin Island in Nunavut, Canada (Figure 1) with a population
of approximately 1000 people, which is surrounded by sea ice for most of the year [1].
The community is situated in a north/south oriented inlet off Lancaster Sound that spans
450 km in length and 20-50 km in width, with the community 150 km south of the mouth
of the inlet.

Arctic Bay experiences a tundra climate (Koppen: ET), which is characterized by
long, very cold winters, and short cool summers. The climate is considered arid with
less than 250 mm of precipitation per year. The climate observations for the area have
been sporadic, thus a continuous temperature record is not available. A more coherent
record occurs at Nanisivik airport, 13 km from Arctic Bay. The ocean water surrounding
Arctic Bay completely freezes every fall and remains frozen until the summer (October to
July). This region is ice-free every summer (August to September), and consequently water
access by ship is only possible from mid-summer to early autumn. The ice variation in this
region is primarily controlled by air temperature variations; however, intense tidal currents
and strong winds also influence the movement and distribution of this seasonal sea ice.
These three factors determine when the sea ice will melt and when it will freeze again,
and ultimately control the duration of the ice thickness and the ice cover surrounding
Arctic Bay.

Coasts 2023, 3, 113-124. https:/ /doi.org/10.3390/ coasts3020007

https://www.mdpi.com/journal/coasts


https://doi.org/10.3390/coasts3020007
https://doi.org/10.3390/coasts3020007
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/coasts
https://www.mdpi.com
https://doi.org/10.3390/coasts3020007
https://www.mdpi.com/journal/coasts
https://www.mdpi.com/article/10.3390/coasts3020007?type=check_update&version=1

Coasts 2023, 3

114

Lancaster Sound

[ ] Sea-ice
data points

Bathymetry

5001» |

‘,;gé: w,

o

Figure 1. Arctic Bay, NU (73.04° N, 85.15° W), in the Eastern Canadian Arctic from [1]. Points 1 to 9
are the locations of the grid used in this analysis. The community of Arctic Bay is located between
points 8 and 9.

The Arctic Bay community has experienced substantial climate change as docu-
mented [1-3]. From 2004 to 2014, the community experienced an increase in the ice-free
season of eighteen days, a 25% increase [1]. This is the result of both earlier break-ups and
later freeze-ups. The current work builds on these earlier results by extending the climato-
logical analysis to 2018 and including more sophisticated time series analysis as well as
introducing a spatial cluster analysis. The Arctic more broadly has experienced substantial
and unprecedented warming and sea ice loss as found consistently in air temperature, sea
surface temperature, and sea ice data [4-14].
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Research Objectives

This work builds on the preliminary sea ice analysis developed previously for [1]. The
same grid (Figure 1) is used with an expanded data set (1971-2018). The following research
questions are addressed.

1. How statistically significant are the temporal changes in the break-up, freeze-up,
and ice-free periods for the nine grid points representing Arctic Bay for three time
periods, 1971-2018, 1971-1994, 1995-2018, and the relationship to concurrent tempera-
ture change?

2. Using a spatial cluster analysis, how coherent is the nature of break-up, freeze-up,
and ice-free periods spatially using the three time periods?

3. From these two analyses, is there evidence to suggest a regime change in how sea ice
dynamics operate in Arctic Bay?

2. Materials and Methods
2.1. Data
2.1.1. Temperature Data

Temperature data (monthly mean temperature) were obtained from the Environ-
ment and Climate Change Canada archive (https:/ /climate.weather.gc.ca/historical_data/
search_historic_data_e.html accessed on 1 August 2023). There is a paucity of data from
Arctic Bay for temperature. Seven years with complete annual records were identified:
1971, 1974, 1975, 2002, 2003, 2004, and 2007. Nanisivik, a community 13 km east of Arctic
Bay has a more complete record and annual data were obtained for 1978, 1979, 1988-1995,
and 2000-2006. While the absolute values differ, being colder by approximately 2 °C as
illustrated in Figure 2, Nanisivik serves as a proxy with more complete data for the rate of
change calculation of the annual mean temperature. The rate of change is determined by
linear regression.
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Figure 2. Temperature record (°C) at Nanisivik, NU from 1978 to 2006 and for selected years at Arctic
Bay, NU.

2.1.2. Sea Ice Data

Following [1], a grid of nine points was used to represent Arctic Bay. In order to
determine the break-up and freeze-up dates from 1971 to 2018 for each of the sampling
locations for Arctic Bay (Figure 1), the same methodology, as described below, utilized by
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others [15-18] was employed. Points 8 and 9 are located in waters to the south and north of
the Arctic Bay community, respectively.

The Canadian Ice Service (CIS) issues sea ice concentration data for the Arctic region
since 1971 on a weekly basis, except during the winter months of January to May when it is
issued bi-weekly. The sea ice concentration data are expressed in tenths (from 0 to 10/10),
which refers to the surface area that is covered with ice. The CIS images, which contain
the sea ice concentration data, are developed by utilizing all the available information
such as satellite images, ship and aircraft observations, observations from shore, and
climatic information. This information is available online at http://www.ec.gc.ca/glaces-
ice/default.asp and was accessed 1 July 2019. The sea ice concentrations for those images
were obtained for every sampling point that is superimposed over the study area (Figure 2)
and the dates of the ice break-up, ice freeze-up, and the derived ice-free season were
catalogued for each year (from 1971 to 2018) with an accuracy of +/—1 week. The ice
break-up date was defined as the first date when the ice concentration was 5/10 or less
during the spring and summer months, while the ice freeze-up date was determined to
be the earliest date when the ice concentration reached 5/10 or more between October
and December. These specific thresholds used to determine the break-up and freeze-up
dates are in accordance with that used by both the Canadian Sea Ice Service and the World
Meteorological Organization (WMO). The break-up and freeze-up dates were expressed
numerically as the ordinal day of the year, where January 1st was the 1st day, and December
31st was the 365th day, unless there was a leap year in which case December 31st would be
the 366th day of the year. There is one set of break-up dates, freezing dates, and ice-free
season length for each grid point. In 1972, the ice did not break-up using the 5/10 threshold,
and so this year is omitted from the three time series.

2.2. Time Series Analysis

The Kendall correlation is a non-parametric measure of correlation that assesses
monotonicity of trends without assuming a normal distribution of data. This correlation
with time is called a Mann—Kendall correlation, and it can be used to test (statistically)
whether a trend is unchanging against an alternative hypothesis that the trend is increasing
or decreasing [15,19,20]. Thus, the Mann-Kendall test is a commonly used nonparametric
test to assess the statistical significance of a time trend [15]. The test is based on the
assumption of independence among the observations. However, observations in time
series can be autocorrelated and this can influence the detection of a significant trend.
Thus, it is crucial to check the autocorrelation in a given series and to adjust the test if
necessary [15,16].

In order to account for the possibility of autocorrelation within each of the three data
sets (for the three metrics), the adjustment was performed using the adjustment method
of [15] using the fume package in R. The fume package’s mkTrend function carries out
the adjusted and unadjusted Mann-Kendall tests, but only the adjusted value in each case
is presented in this work. The Mann-Kendall correlations (tests for trend significance)
were performed for each of the three metrics for each of the three separate time periods
(1971-2018, 1971-1994, and 1995-2018). A p value threshold of less than 0.05 is considered
significant [16].

The Theil-Sen method is a non-parametric slope estimator of the rate of change in
the variables considered (three metrics) in terms of days per year that are not affected
by outliers [15,16,21]. The slope represents the rate of change in the variables considered
(break-up date, freeze-up date, and ice-free period) in days per year [15,16]. The Theil-Sen
method was used for the three metrics for each of the three time periods, namely the full
time period, 1971-2018, as well as the two distinct time periods, 1971-1994, and 1995-2018,
by utilizing the statistical program R.

To visualize the potential non-linearities in the time series, Lowess curves [16,22] were
generated for each grid point for all three metrics. A Lowess curve is a locally weighted
regression and thus it is not constrained to be linear. These curves indicate the shape of a
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time trend, even if that trend is not linear and as such, this method provides more nuance
than a regression curve because the latter is constrained to be linear even though the actual
trend may not be [15,16].

Using both temperature and sea ice time series, a correlation analysis is performed
using linear regression to assess the direct impact of local air temperature on the local sea
annual cycle.

2.3. Spatial Analysis

Cluster analysis [23] is used to divide observations into groups or clusters based on
the values of several observed variables. Hierarchical cluster analysis begins with one
cluster containing all the observations that are repeatedly subdivided [23], or the opposite
such as Ward’s method, which we use in this study. Ward’s method begins with each point
as a separate cluster. The process followed is described below:

1. Start with each point in a cluster by itself (sum of squares = 0);

2. Merge two clusters in order to produce the smallest increase in the sum of squares
(merging cost);

3.  Keep merging until k clusters are reached. The merging cost is the increase in sum of
squares when you merge two clusters.

Ward’s method can handle missing data, specifically the dissimilarity between any pair
of locations is calculated using any years for which that pair of locations has non-missing
data. The benefit of this approach is that years in which there are missing values are not
deleted entirely and therefore more of the data are actually employed for the analysis.
Ward’s method was run for each of the three metrics for the Arctic Bay grid points for
each of the 3 separate time periods, (1971-2018; 1971-1994; and 1995-2018) by utilizing
the statistical program R. Four clusters were chosen for the Arctic Bay data set. There is,
however, some degree of arbitrariness in choosing a specific number of clusters.

3. Results
3.1. Temperature Analysis

Figure 2 shows the time series of the annual averaged mean temperature (Tmean) of
day from 1978 to 2006 for Nanisivik, NU, located 13 km east of Arctic Bay as well as the
annual Tmean data for Arctic Bay for 1971, 1974, 1975, 2002, 2003, and 2004. The Tmean
increased approximately 3 °C during this time period for Nanisivik, NU. The Arctic Bay
temperatures were slightly warmer than Nanisivik but also showed an increasing trend,
although the paucity of data makes the determination of the magnitude of the trend less
certain. For Nanisivik, the linear regression slope is a warming of approximately 0.1 °C
per year. As is clear in subsequent sections, this warming is consistent with the changes in
seasonal sea ice behaviour. These results are consistent with the broader spatial warming
in the Arctic of 4.5 °C for the period of 1982 to 2021 [4,11-13].

3.2. Sea Ice Time Series Analysis

We begin by examining the representative Lowess curves for ice break-up, freeze-up,
and ice-free season for points 9, 8, and 5, respectively, all points located near the hamlet of
Arctic Bay (Figures 3-5). Figure 3 displays a relatively linear trend toward earlier break-up
of seasonal sea ice. There is considerable interannual variability as has been found in other
parts of the Eastern Arctic [15,16]. For ice freeze-up (Figure 4) there is more nuance, with
a substantial trend to later freeze-up dates from the mid-1990s to 2010 and levelling after
2010. This mid-1990s to 2010 accelerating of later freeze-up dates was also seen in Hudson
Bay during the same period [16]. Since the ice-free period (Figure 5) is derived from
the break-up and freeze-up dates, the same early 2000s increase and post-2010 levelling
is evident.
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Figure 3. Lowess curve for location 9 (Arctic Bay) for the break-up dates.
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Figure 4. Lowess curve for location 8 (Arctic Bay) for the freeze-up dates.
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Figure 5. Lowess curve for location 5 (Arctic Bay) for the ice-free period.

The Mann—Kendall correlation and Theil-Sen slope estimator are used to quantify the
results presented in the Lowess curves for each of the nine grid points. These results are
presented in Table 1 for time of ice break-up for three time periods, 1971-2018, 1971-1994,
and 1995-2018. The latter two are included to determine if there has been a significant
change in behaviour throughout the 48-year period.
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Table 1. Break-up in Arctic Bay. Mann-Kendall test and Theil-Sen Slope, (*** p < 0.01, ** p < 0.05,
*p <0.1, NS p > 0.01). See Figure 3 for locations.

Theil-Sen Theil-Sen Theil-Sen

Points I?::[ ;1(;1;1—1 (Days per Kl\: ra:c;gl_l (Days per I?:e[ ;I(;r;l_l (Days per
Year) Year) Year)

19712018  1971-2018  1971-1994  1971-1994  1995-2018  1995-2018
1 i —0.29 NS —0.13 NS —0.14
2 i —0.33 NS -0.17 NS —-0.27
3 * —0.24 NS -0.17 NS —0.12
4 B -0.27 NS —0.29 NS —0.36
5 i —0.23 NS —0.08 NS —0.38
6 * —0.23 NS 0.00 NS —0.13
7 B —0.43 NS —0.61 NS -0.17
8 o —0.19 NS —0.12 NS —0.11
9 i —-0.25 NS —0.15 NS —0.28

For the 1971-2018 time period, all nine points were statistically significant using the
Mann-Kendall test with p values less than 0.05 for all grid points. The rate of change ranges
from —0.19 to —0.43 days per year which indicates 9 to 21 days earlier in break-up over the
study period. Those points nearest the hamlet of Arctic Bay experienced an 11-day change
over the study period. The largest magnitude, point 7, occurred at the mouth of the inlet.
The subdivided periods, 1971-1994 and 1995-2018, are not statistically significant and do
not provide any additional insights into the nature of the sea ice break-up. These trends
are similar to those reported in [1] for the same grid points but for a time series that ended
in 2014.

Autocorrelation was found at only one grid point for break-up (7, the most northerly
point, as seen in Figure 1) for the 19712018 period. This suggests that for the break-up in
Arctic Bay there is no significant “climate memory” as introduced for Hudson Strait by [24]
and explored in more detail by [25].

The Mann-Kendall correlation and Theil-Sen slope estimator for freeze-up are pre-
sented in Table 2 for the three time periods. For the 1971-2018 time period, all nine points
were statistically significant using the Mann-Kendall test with p values less than 0.05 for all
grid points. The rate of change ranges from 0.20 to 0.36 days per year which indicates 10 to
17 days later in freeze-up over the study period. Those points nearest the hamlet of Arctic
Bay experienced a 16-day change over the study period, at the high end among the grid
points. Similar to the break-up analysis, the subdivided periods, 1971-1994 and 1995-2018,
for freeze-up are not statistically significant (p < 0.05); however, the Theil-Sen slopes for
the two time periods indicate a more substantial increase in the second, more recent period,
consistent with the Lowess curves (Figure 4), post-mid-1990s. Once again, these trends are
consistent with those reported in [1] for the same grid points but for a shorter time series.

Autocorrelation was found at only one grid point for break-up (1, the most southerly
point, as seen in Figure 1) for the 1971-2018 period. This suggests that for the break-up in
Arctic Bay there is no significant “climate memory” as noted also for the break-up.

The Mann-Kendall correlation and Theil-Sen slope estimator for the ice-free period
are presented in Table 3 for the three time periods. For the 1971-2018 time period all but
one of the nine points were statistically significant using the Mann—Kendall test with p
values less than 0.05 for all grid points. The lone outlier was point 7 at the mouth of Arctic
Bay, which may have been impacted by multi-year ice leading to greater variability. The
rate of change ranges from 0.438 to 0.739 days per year which indicates a 21 to 35 days
longer ice-free period over the study period. As expected, this is largely additive to the
earlier break-up and later freeze-up of seasonal sea ice reported above. Essentially, as
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with the break-up, the subdivided periods 1971-1994 and 1995-2018, are not statistically
significant (p < 0.05), except for point 9 for the 1995 to 2018 time period; however, similar
to freeze-up, the Theil-Sen slopes for the two time periods indicate a more substantial
increase in the second, more recent period, consistent with the Lowess curves (Figure 5).
The single outlier, point 9, for the later time period is located directly to the north of the
Arctic Bay community at the common mouth of two smaller bays, and experiences a low
degree of variability due to the limited influence of larger scale regional sea ice dynamics
and due to the absence or near absence of multi-year ice. This in turn leads to a statistically
significant trend, particularly during the later period, that is the signal is discernible within
the inherent variability. As with the other two metrics, these trends are consistent with
those reported in [1] for the same grid points but for a shorter time series. Such changes
have been explored for Arctic Bay from a community resilience lens by [2,3].

Table 2. Freeze-up, Arctic Bay. Mann—-Kendall test and Theil-Sen Slope, (*** p < 0.01, ** p < 0.05,
*p < 0.1, NS p > 0.01). See Figure 3 for locations.

Statistical = Theil-Sen Statistical Theil-Sen Statistical Theil-Sen

Points Signifi- (Days per Signifi- (Days per Signifi- (Days per
cance Year) cance Year) cance Year)

19712018  1971-2018  1971-1994  1971-1994  1995-2018  1995-2018
1 o 0.20 NS 0.00 NS 0.21
2 ** 0.27 NS 0.00 NS 0.50
3 o 0.29 NS 0.14 NS 0.34
4 ** 0.28 * 0.27 NS 0.50
5 ok 0.33 NS 0.23 NS 0.50
6 o 0.31 NS —0.28 NS 0.54
7 ** 0.34 NS —0.09 NS 0.59
8 ok 0.36 NS 0.03 NS 0.73
9 i 0.33 NS —0.08 NS 0.67

Table 3. Ice-free period, Arctic Bay. Mann—Kendall test and Theil-Sen Slope, (*** p < 0.01, ** p < 0.05,
*p <0.1, NS p > 0.01). See Figure 3 for locations.

Theil-Sen Theil-Sen Theil-Sen

Points II(Ve[ :321_1 (Days per I?: ;1:121_1 (Days per I?/e[ :1?121_1 (Days per
Year) Year) Year)

19712018  1971-2018  1971-1994  1971-1994  1995-2018  1995-2018
1 o 0.50 NS 0.00 NS 0.00
2 i 0.58 NS 0.00 NS 0.76
3 i 0.50 NS 0.00 NS 0.00
4 o 0.50 NS 0.47 NS 0.44
5 i 0.56 NS 0.00 NS 1.00
6 i 0.61 NS 0.00 NS 0.68
7 * 0.79 NS 0.38 NS 0.32
8 o 0.44 NS 0.00 NS 0.64
9 i 0.58 NS 0.00 ** 1.00

Autocorrelation was found at three grid points for the ice-free period (5,7,8; Figure 1)
for 1971-2018. The two sub-periods, 1971-1994 and 1995-2018, did not have any common-
ality of points across the three time periods. This lack of spatial and temporal coherency
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suggests that for the ice-free period in Arctic Bay there is no significant “climate memory”,
as noted also for the both the break-up and freeze-up.

A correlation analysis was performed for the three metrics for the years of coincident
data (as determined by the availability of Nanisivik temperature data). For both ice-
free season length and freeze-up dates at all points, there were statistically significant
correlations with annual and summer Nanisivik air temperature. This strong signal was
less clear for break-up dates, which is likely dependent more on antecedent temperatures
from the previous year as found in [24] for Hudson Strait, suggesting some short-term
thermal inertia. The coefficient of determination (R?) varied from 20 to 44% for the ice-
free season with similar values for the freeze-up date analysis (26 to 36%), indicating
the importance of ambient temperature, but also indicating other factors at play such as
antecedent temperatures and the advection of sea ice, especially during the break-up, as
is most notable in the central points (4, 5, 8, and 9) where the inlet encounters tributaries,
leading to more sea ice dynamics.

3.3. Spatial Analysis

The spatial clustering of the nine Arctic Bay grid points was explored using the Ward’s
method. In addition, the bifurcation into two shorter time series also did not result in any
differences in the clustering of the grid points, and so these are not presented. This in itself
is significant, a point we return to later in the Section 4.

For break-up, the four clusters of grid points are presented in Figure 6. Points 1 to
4 follow a linear pattern from the southernmost part of the bay to the hamlet of Arctic
Bay. These points have the latest break-up of all nine points. Three additional contiguous
points, 5, 6, and 9, extend from the hamlet north to the mouth of the Bay. The final two
clusters have a single membership. Point 8 occurs to the south of the hamlet in a small bay
connected to the larger bay. Point 7 is at the mouth of Arctic Bay, and as noted earlier it
is likely influenced by larger regional dynamics of sea ice, including multi-year ice and
movement of sea ice by ocean currents and winds.

Figure 6. Spatial representation of the cluster analysis using Ward’s method for break-up dates for
the period of 1971-2018 for Arctic Bay.

We now turn to a similar cluster analysis for freeze-up in Arctic Bay. These are
presented in Figure 7. A slightly different picture emerges. The southerly three points
where freeze-up occurs first forms one cluster. Points 4 and 5, in the centre of the bay near
the hamlet of Arctic Bay, form a second cluster. Adjacent to this is the third cluster, points 8
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and 9, the two closest to the shore just to the north and south of the hamlet. Finally, the two
more northerly points, 6 and 7, form the last cluster. The clustering, not unlike break-up, is
largely linear from south to north for the first, second, and fourth cluster. The only nuance
is the cluster of the near-shore points (8, 9), suggesting a modification of the freeze-up
process based on proximity to the shore.

m

Figure 7. Spatial representation of the cluster analysis using Ward’s method for freeze-up dates for
the period of 1971-2018 for Arctic Bay.

Finally, we examine the clustering for the ice-free period in Figure 8. For this metric,
there is a large cluster of five of the nine grid points in the centre of the bay (points 3-6, and 9).
Smaller clusters exist, as with the two southerly points (1, 2), plus one point clusters for
points 7 and 8, as was seen for the break-up data.

é

Figure 8. Spatial representation of the cluster analysis using Ward’s method for ice-free dates for the
period of 1971-2018 for Arctic Bay.

The overall the spatial analysis produced, for the most part, clusters of contiguous
points that followed the south/north orientation of the bay. Deviations from this occurred
for the two grid points near the hamlet of Arctic Bay that were closer to shore than others.
Landfast sea ice does behave differently in other parts of the Eastern Arctic [15,16].
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4. Discussion and Conclusions

This work is a temporal expansion by four years (to 2018) of the climatological aspects
of the earlier work by [1], and by the inclusion of a spatial clustering analysis. Three
questions were addressed, and this section is structured to address each.

4.1. How Statistically Significant Are the Temporal Changes in the Break-Up, Freeze-Up, and
Ice-Free Periods for the Nine Grid Points Representing Arctic Bay for Three Time Periods,
1971-2018, 1971-1994, 1995-2018, and the Relationship to Concurrent Temperature Change?

The time series analysis was consistent with the earlier work indicating that all three
metrics (break-up, freeze-up, and ice-free period) have changed significantly in timing
over the 48-year time period. The only nuance to this steady progression to earlier break-
ups, later freeze-ups, and longer ice-free periods was an indication of slowing down
of these changes for freeze-up, post-2010, a result reflected in the ice-free period. This
may be related to changes in large scale circulation, and this should be explored further,
especially the differential impact on freeze-up and not break-up. The most likely candidate
is the North Atlantic Oscillation which was in a more negative phase in the early 2000s
when freeze-up dates changed to later dates (Figure 4) and became more positive in the
2010s. The correlation analysis between sea ice metrics and ambient temperature found
statistically significant results for ice-free season length and freeze-up dates, accounting for
up to 44% of the sea ice variability. Break-up dates are less strongly linked to concurrent
temperatures, and likely are influenced by antecedent temperatures from the previous year
as found in other work [24]. These results are consistent with documented regional Arctic
warming [4,5,7-9,11-13].

4.2. Using a Spatial Cluster Analysis, How Coherent Is the Nature of Break-Up, Freeze-Up, and
Ice-Free Periods Spatially Using the Three Time Periods?

The spatial clustering analysis indicated the expected south/north trajectory with the
most southerly points forming one cluster and then progressing to the northerly mouth
of the bay. The only nuance is the separate clustering for points immediately adjacent to
the hamlet of Arctic Bay, which is likely reflective of the nature of landfast ice and the
confluence of tributaries to the north and south of the community of Arctic Bay (points
8 and 9). There is no evidence to support such a change in Arctic Bay. Autocorrelation
of the nine time series was minimal and does not suggest that “climate memory” was a
dominant factor in determining the subsequent year’s sea ice conditions, as has been found
elsewhere [24,25], with the possible exception of the break-up dates as noted above.

4.3. From These Two Analyses, Is There Evidence to Suggest a Regime Change in How Sea Ice
Dynamics Operate in Arctic Bay?

The fact that breaking up the data into two equal time series did not yield any cluster-
ing differences is significant and suggests that the changes in sea ice is not a change in the
way the ice behaves other than timing, as observed elsewhere [26].

To the local inhabitants of Arctic Bay and the neighbouring community of Nanisivik,
climate change has been realized locally with significant changes to access to traditional
foods and a longer navigation season [1-3]. This analysis should provide an update on
climate change conditions for use in adaptation planning.
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