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Abstract
Landfast sea ice that forms along the Arctic coastline is of great importance to coastal Alaskan
communities. It provides a stable platform for transportation and traditional activities, protects the
coastline from erosion, and serves as a critical habitat for marine mammals. Here we present a full
assessment of landfast ice conditions across a continuous 7885 km length of the Alaska coastline
over 2000–2022 using satellite imagery. We find that the maximum landfast ice extent, usually
occurring in March, averaged 67 002 km2 during our study period: equivalent to 4% of the state’s
land area. The maximum extent of landfast ice, however, exhibits considerable interannual
variability, from a minimum of 29 871 km2 in 2019 to a maximum of 87 571 km2 in 2010. Likewise,
the landfast ice edge position averages 22.9 km from the coastline but, at the community-scale, can
range from 2.8 km (in Gambell) to 71.1 km (in Deering). Landfast ice breakup date averages 2 June
but also varies considerably both between communities (3 May in Quinhagak to 24 July in
Nuiqsut) and interannually. We identify a strong control of air temperature on breakup timing and
use this relationship to project future losses of ice associated with Paris Climate Agreement targets.
Under 2 ◦C of global air temperature warming, we estimate the average Alaskan coastal community
will lose 19 days of ice, with the northernmost communities projected to lose 50 days or more.
Overall, our results emphasize the highly localized nature of landfast ice processes and the
vulnerability of coastal Arctic communities in a warming climate.

1. Introduction

The annual formation and breakup of landfast sea
ice along the Arctic coastline is one of the most dra-
matic seasonal environmental changes anywhere on
Earth. Unlike drift ice, which forms in the open ocean
and drifts under wind and ocean currents, land-
fast ice is a stable platform attached to the coastline
and/or grounded in shallow waters. Despite repres-
enting only ∼12% of the global sea ice cover, land-
fast ice has outsized importance to the Arctic envir-
onment and ecosystems [1]. Landfast ice acts as a
barrier between the ocean and the atmosphere, alter-
ing heat transfer and influencing local weather and
ocean circulation patterns [2, 3]. In areas where the
coast is subsiding, such asmuch ofwesternAlaska, the

presence of landfast ice can mitigate coastal erosion
by dampening wave action during winter storms [4–
6]. Ecologically, landfast ice is a critical habitat for
ringed seals and polar bears, providing them with
ideal denning locations [7] and the polynyas that
form at the seaward landfast ice edge (SLIE) are areas
of high ecological productivity. Indigenous Arctic
communities have therefore relied upon landfast ice
for subsistence hunting and fishing for thousands of
years [8]. Whaling from the landfast ice edge is an
activity of great cultural importance in many Arctic
communities [9]. Given its stability and persistence,
landfast ice also connects otherwise isolated com-
munities given the absence of road networks in the
region. This ability to travel from one community to
another and access hunting grounds using landfast
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ice thus has significant economic, cultural and food
security implications for people living in the Arctic
[8, 10, 11].

Over the past ∼30 yr, Arctic residents have
observed declines in the landfast ice surrounding
their communities [10, 12–14]. Poor ice conditions
increase the risk of winter travel and undermine earn-
ing opportunities and subsistence activities, partic-
ularly in areas where hunting and fishing are integ-
ral components of the local economy. Furthermore,
communities have noted that well-known pan-Arctic
declines in drift ice extent and concentration do not
correlate well with local experiences of landfast sea
ice [10]. Local Arctic residents have therefore consist-
ently requested improved scientific understanding of
landfast sea ice processes to enable them to safely use
the ice and adequately plan for the future [8, 10, 11].

Researching landfast sea ice is challenging, since
it requires imagery with sufficiently high spatial res-
olution to observe ice extent along complex coastal
margins and sufficiently high temporal resolution to
identify rapid fracture and breakup which can occur
in days to weeks. Most scientific studies of landfast
ice have therefore relied on synthetic aperture radar
(SAR) to track changes in ice cover over local areas or
short time periods [3, 15, 16]. However, these stud-
ies are limited by data availability as well as the chal-
lenge of distinguishing between melting ice and open
water in SAR imagery. Other studies have used oper-
ational ice chart records to analyze long-term pat-
terns in landfast ice [17–19]. These records are valu-
able but are generally only available ∼biweekly, too
coarse for use at a community-scale, and contain their
own biases related to data assimilation. A recent study
presented a new approach for mapping landfast ice
breakup at high spatial and temporal resolution using
MODIS imagery [20]. However, their analysis only
investigated breakup timing and focused onNorthern
Canada and Greenland where the presence of deep,
narrow fjords and steep continental shelfs leads to
different mechanisms of ice formation and breakup
compared to the shallow shelves of Alaska. Notably,
no work has analyzed decadal-scale changes along the
entire ice-affected coast of Alaska, despite the signific-
ant threat many of these communities face due to the
combined effects of coastal erosion and ice loss.

In this paper, we present a novel climatology of
landfast sea ice in 38 Alaskan coastal communit-
ies over 2000–2022. We develop this dataset using
a novel MODIS-derived method which allows us to
map both the position of the SLIE and detect breakup
timing at high spatial and temporal resolution. We
then identify controls on both ice edge position and
breakup timing by combining our dataset with cli-
mate reanalysis data and bathymetric data. We con-
clude by discussing projected future changes in land-
fast ice in Alaskan communities under different Paris
Climate Agreement global temperature warming tar-
gets, namely 1 ◦C, 1.5 ◦C, and 2 ◦C.

2. Study area

We analyze landfast ice across 7885 km of Alaska’s
coastline, spanning from the coastal border with
Canada on the Beaufort Sea to the mouth of the
Egegik river at the head of the Alaska Peninsula
(at approx. 58.1◦N). Our study area also includes
St. Lawrence Island and Nunivak Island. This broad
region of coastal Alaska is experiencing some of
the fastest warming on Earth [21] and is especially
threatened by a combination of ice loss, increasing
storm frequency, and enhanced coastal erosion [22–
26]. Within this region, there are 38 coastal (or near-
coastal) Alaskan communities on which we focus our
analysis (figure 1). These communities have strong
cultural ties to landfast ice, with many relying on the
ice for subsistence activities such as hunting andwhal-
ing as well as for transportation [11, 27, 28]. The
total population of these communities is 30 371, and
the largest communities are Utqiagvik (4,927), Nome
(3,699), and Kotzebue (3,102) [29].

3. Methods

Our novel landfast ice climatology is developed using
NASA’s MODIS sensor aboard the Terra satellite. Our
climatology contains two key metrics relevant for
communities in Alaska: landfast ice edge position and
landfast ice breakup timing.

3.1. Ice edge position
We detect the position of the SLIE using a 30 day ice
occurrence product derived from classified MODIS
imagery. We first mask out land and identify non-
cloud impacted pixels using MODIS’s MOD09GA
cloud mask product resampled to 250 m resolu-
tion. We then classify MODIS pixels in each daily
image into ice or water using a 0.1 reflectance
threshold in the MOD09GQ band 2 (near-infrared,
841–876 nm) surface reflectance product (following
[20]). Ice occurrence is defined as (d= day):

Ice Occurrence=

∑d
d−30 ice pixels∑d

d−30 cloud - free pixels
. (1)

Ice occurrence therefore represents the percentage
of time a pixel was classified as ice (vs. classified as
water) over a 30 day period, accounting for the effect
of cloud cover.

The SLIE is easily identified in the ice occur-
rence products by both a persistent, stable polynya
which separates the landfast ice from drift ice and the
smooth texture of the landfast ice surface (figure S1).
We thus are able to delineate the SLIE position for
each yearmanually using a stylus and a tablet (see SI).
The annualmaximumSLIEusually corresponds to ice
presence duringMarch and early April (i.e. the 30 day
ice occurrence product is calculated over March 1st
to April 1st or March 15th to April 15th; see SI). We
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Figure 1. Annual landfast ice presence in Alaska over 2000–2022. Panel (a) shows our entire study region, with our focus 38
communities labeled. The colored fringe along the edge of the figure shows the frequency of landfast ice presence over our 23 yr
record, with light yellow representing landfast ice present all years and dark blue showing areas covered by landfast ice in only one
year. Panels (b) through (f) show ice edge position in greater detail in five regions of interest.

determine the mean distance of the ice edge from the
coastline within 100 km of each community for each
year by calculating the shortest distance to the SLIE
for each approximately 350 m segment of coastline.

3.2. Breakup timing
We calculate breakup timing using the daily classified
MODIS images described above.We first mask out all
areas seaward of the landfast ice edge for each year.
This step limits the influence of drift ice on breakup
detection, since only areas contained within the max-
imum extent of landfast ice for each year are analyzed,
and also accounts for interannual differences in land-
fast ice extent. Next, we produce a time series of per-
cent water, calculated as # water pixels/(# water + #
ice pixels) from the classified MODIS imagery within
the annual landfast ice area.

We filter the time series by first removing observa-
tions where more than 75% of the landfast ice area is
cloud-covered. We then apply a Hampel outlier filter
and a 5 day median filter to remove spurious values.
Breakup timing is identified by determining the first
day the area within the landfast icemask reaches 25%,
50%, 75% and 90% open water (figure S2). These
dates are corrected for cloud cover by assigning the
actual breakup date as the midpoint between the first
date where the water percentage reaches this amount
and the previous cloud-free observation. While there
is no standard definition of breakup in the scientific
literature, the rest of the paper focuses on the 75%
open water threshold because it is arguably most rel-
evant for Alaskan communities: by the time the coast
is 75% water, it is likely that ice activities have ended

and most open water activities have begun. We run
thismethod for each of our communities for each year
between 2000 and 2022.

3.3. Ancillary/driver analyses
We assess controls on spatial patterns in SLIE and
breakup timing by deriving measures of bathymetry
and mean annual air temperature for each com-
munity. Bathymetry is calculated by averaging the
distance from the coastline to the 20 m contour in
the GEBCO 2022 global gridded bathymetry dataset
[30] (see SI). Mean annual air temperature is com-
puted by averaging the 2 m (surface) air temperat-
ure product fromERA5 global atmospheric reanalysis
[31, 32] (see SI).

Next, to better understand controls on interan-
nual landfast ice variability, we use ERA5 air tem-
perature data to assess the relationship between (1)
winter (DJF) air temperature vs. SLIE and (2) spring
air temperature vs. breakup timing. Given the sub-
stantial variability in the timing of ice breakup for
each community, we define ‘spring’ as the 60 days
prior to the 5 days before the earliest observed
breakup for each community, meaning ‘spring’ is
a different period for each community (following
[20]). We specifically analyze temperature data over
ice-covered seasons (hence ending our ‘spring’ period
five days prior to the earliest breakup for each com-
munity) to ensure that changes in air temperat-
ure are driving the ice fluctuations, rather than ice
extent fluctuations driving changes in air temperat-
ure through the ice albedo feedback. We also assess
the relationship between drift ice and landfast ice edge
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position/breakup timing using the daily NSIDC sea
ice concentration data record produced from passive
microwave satellite observations [33]. To do this, we
calculate themaximumannual drift ice concentration
within 250 km of the community.

For all ancillary variable analyses (except sea ice),
values are calculated as averages within 100 km of
each community. Relationships between our inde-
pendent (bathymetry, air temperature, drift ice con-
centration) and dependent (SLIE and breakup) vari-
ables are assessed using Pearson’s R correlation tests
for variables which are normally distributed (87% of
all examined variables) and Spearman’s correlation
for non-normally distributed variables [34] (nor-
mality determined using the D’Agostino-Pearson test
[35], see SI). We also test for trends in our edge
position and breakup time series using the modi-
fied Mann-Kendall test for monotonic trend [36–38]
which is commonly used for trend analysis in relevant
sea ice literature ([39, 40] see SI).

3.4. Estimation of ice loss under different Paris
Agreement scenarios
To project ice loss under different climate warming
and mitigation scenarios, we combine our observed
breakup sensitivities to springtime air temperature
with an analysis of Arctic Amplification rates [21] and
Paris ClimateAgreement targets. The projected loss in
ice days is calculated as follows:

Ice Loss (days) = ∆TPCA (
◦C) ∗AA ∗ Sensitivity

(
days
◦C

)
(2)

where ∆TPCA = the Paris Climate Agreement tar-
get for global mean temperature warming (i.e. 1 ◦C,
1.5 ◦C or 2 ◦C), AA = the Arctic Amplification rate,
calculated for the 100 km surrounding each com-
munity using data from [21], and Sensitivity = the
observed loss of ice days for each degree of temper-
ature warming (days/◦C), calculated for each com-
munity based on the linear relationship between
springtime air temperature and breakup over our
23 yr record (see SI). We only estimate future ice loss
for communities where springtime air temperature
and breakup are correlated at p< 0.05.

4. Results

4.1. A climatology of Alaskan landfast ice
Over our 2000–2022 study period, we find that the
landfast ice edge position (SLIE) generally increases
with latitude, but there are exceptions, implying
that local bathymetry and coastline complexity also
play a role (figure 1). Over the entire ice-affected
Alaskan coastline,mean SLIE distance from the coast-
line is 22.9 km (standard deviation = ±5.7 km),
corresponding to a total average landfast ice area
of 67 002 km2. Across our 38 communities, mean

SLIE ranged from a minimum of 2.8 km in Gambell
(63.7◦N) to 71.1 km in Deering (66.1◦N) (figure 2,
table S1). Broadly, communities in the Kotzebue
Sound region and along the Beaufort Sea have the
most extensive landfast ice, whereas the island com-
munities and the southernmost communities along
the Bering Sea have the least (figures 1 and 2). These
overall patterns appear to be controlled by both
bathymetry (defined by the distance to the 20 m con-
tour, R = 0.59, p < 0.001) and broad-scale tem-
perature gradients (mean annual air temperature,
R = −0.46, p < 0.01) (figures 1, 2 and S5). In other
words, we find the ice is more extensive where the
shelf is shallower and the air temperature is colder.

The maximum ice extent occurred in 2010
and 2012: averaging 32.2 km from the coastline
(87 471 km2 of ice area in 2010; 86 271 km2 in 2012)
(figure 3). The minimum extent occurred in 2019
when the landfast ice edge only averaged 10.0 km
from the coastline (29 871 km2 of area). Temporally,
we find the variability (defined as the standard devi-
ation) in SLIE over our 23 yr record averages±6.1 km,
ranging from ±1.8 km in Mekoryuk to ±35.3 km in
Deering. We do not observe a linear trend in Alaska-
wide ice extent over our 23 yr record. Only one com-
munity (Kaktovik; p = 0.005) exhibits a statistically
significant linear trend in SLIE decline. Therefore,
ice extent has neither significantly increased nor
decreased during our 23 yr study period, perhaps due
to the large temporal variability in ice position we
observe (figure 3).

We find that the mean breakup date across all
communities is June 2nd (DOY 153) ±1.8 days due
to clouds, ranging fromQuinhagak (3May±2.2 d) to
Prudhoe Bay and Nuiqsut (24 July±1.2 and 2.1 days,
respectively) (figure 2). The spatial patterns in mean
breakup timing are almost entirely explained bymean
annual air temperature (R = −0.97, p < 0.0001),
with no statistically significant role of bathymetry
(figures 2 and S5). Interannual breakup variabil-
ity (defined by the standard deviation) averages
11.9 days, ranging from 8.7 days in Golovin to
16.4 days in Kaktovik. The latest average breakup
occurred in 2000 (16 June), and the earliest average
breakup occurred in 2018 (4 May). The time series
of annual breakup timing, averaged across all com-
munities, has a statistically significant trend towards
earlier breakup over 2000–2022 (modified Mann-
Kendall p value = 0.02), with a slope of −7.4 days/-
decade. Using the modified Mann-Kendall test, 14
communities have a trend significant at p< 0.05, and
Kaktovik has the largest trend at −16.7 days/decade
(p< 0.001).

Interestingly, we find that interannual variabil-
ity in breakup timing is not necessarily correlated
with ice edge position, particularly for the more
northern communities (figure 4(c)). Only 14 out
of 38 communities have significant correlations at
p < 0.05, predominantly in the southern portion of

4



Environ. Res. Lett. 19 (2024) 024013 S W Cooley and J C Ryan

Figure 2. Annual ice edge position (a) and breakup date (b) by community, averaged over 2000–2022. Communities are ordered
from coldest to warmest, with the color of the panel corresponding to each community’s mean annual air temperature. The box
edges display the interquartile range and the center line displays the median.

our study region. Therefore, for most communities,
the formation of very extensive landfast ice in March
does not necessarilymean that the ice will persist later
into the summer.

4.2. Drivers of landfast ice variability
We find that 25 of 38 communities exhibit a statistic-
ally significant negative correlation between SLIE and
winter air temperature at p < 0.05 (figures 4(a) and
S3). The strongest correlations are found in the south-
ernmost communities, with no correlations observed
along theChukchi andBeaufort Seas (figure 4(a)).We
do not observe any notable patterns in SLIE sensitiv-
ity to winter air temperature (i.e. change in SLIE per
change inwinter temperature; km/◦C), other than the
sensitivities are broadly correlated with bathymetry
(table S2, figure S6).

We identify strong correlations between spring
air temperature and breakup timing across nearly

the entire study region, finding 34 of 38 communit-
ies exhibit correlations at p < 0.05 (figures 4(b)
and S4). Notably, we find that breakup timing in
colder communities is more sensitive to air tem-
perature (R2 = 0.58, p < 0.0001; Figure S6), cor-
roborating the findings of [20] in Canada and
Greenland. The average sensitivity to air temper-
ature is −3.6 days/◦C, with the highest sensit-
ivities found in the northernmost/coldest com-
munities (Prudhoe Bay: −9.1 days/◦C, Utqiagvik:
−6.4 days/◦C), and lowest sensitivities found in the
southernmost/warmest communities (−2.0 days/◦C
in Kongigak and Quinhagak) (table S2). Finally, we
find that the maximum drift ice concentration is
correlated with both ice edge position in 27 of 38
communities and with breakup timing in 30 of 38,
at p < 0.05 (figures 4(d) and (e); Table S2), with
the strongest correlations found in the southernmost
communities.
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Figure 3. Time series of landfast ice edge distance (a) and breakup date (b) over 2000–2022 for each community. The Alaska
average is shown in black, and the lines are colored by mean annual air temperature, with lighter colors representing colder
communities. Gaps in the time series are due to missing observations and/or years where breakup could not be detected.

4.3. Projected loss of ice under different Paris
Climate Agreement targets
By combining our observed sensitivities with Arctic
Amplification rates, we estimate a projected loss of ice
across Alaska of 9.5 days per 1 ◦C of global warming
above pre-industrial levels, 14.2 days at 1.5 ◦C and
18.9 days at 2 ◦C (figure 5). However, these mean
values mask substantial variability within Alaska.
Since the northernmost and coldest communities
experience greater warming and have more sensitive
breakup to changes in air temperature (figure S6),
the differences in projected ice loss are much greater
than in the southernmost communities. For example,
Utqiagvik is estimated to lose 52 days of ice at 2 ◦C
of global warming, whereas the three southernmost
communities (Kipnuk, Kwigillingok and Quinhagak)
are estimated to lose only 7–8 days.

5. Discussion

Our study represents the first Alaska-wide assess-
ment of landfast ice conditions, providing valuable
insight into how these patterns vary across the region.
Notably, we identify considerable interannual variab-
ility in SLIE during our study period. Across Alaska,
the total landfast ice area variability ranged by 86%

around the mean (from a minimum of 29 871 km2

to a maximum of 87 571 km2) but, in individual
communities, that variability can be far greater. In
Deering, the SLIE averaged 123 km from the coast-
line in 2010, whereas in 2019, the SLIE only extended
14 km from the coastline. This contrast in ice con-
ditions from year to year has substantial impacts on
communities. For example, in Nome, the landfast sea
ice was so extensive in 2012 that an emergencywinter-
time delivery of fuel required transferring fuel via very
long hoses which traversed atop the landfast ice [16].
Conversely, the anomalously low ice period of 2018–
2019 in the Kotzebue Sound region reduced oppor-
tunities for subsistence hunting [11, 28].

Determining the drivers of this strong interan-
nual variability in SLIE is challenging.Winter air tem-
perature clearly exerts some control (25 of 38 com-
munities are correlated at p < 0.05), but the lack
of broadly consistent strong correlations indicates
that other factors not considered in our analysis may
influence ice edge position. However, we note that
these other factors, which include ocean temperat-
ures, currents, and wind speed/direction, are much
harder to accurately simulate in climate reanalysis
products compared with air temperatures [32, 41].
This lack of correlations as well as the enormous
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Figure 4. Correlation maps showing the relationship between different variables for each community. Each panel shows the p
value for the correlation between SLIE (seaward landfast ice edge) distance from coastline and winter (DJF) air temperature (a),
breakup timing and spring air temperature (b), SLIE and breakup timing (c), SLIE and drift ice concentration (d) and breakup
timing and drift ice concentration (e). Relationships not significant at p< 0.05 are shown in light gray.

Figure 5. Projected loss of ice days due to earlier landfast ice breakup under different Paris Climate Agreement global temperature
warming targets, namely 1 ◦C (a), 1.5 ◦C (b) and 2 ◦C (c).

year-to-year variability in ice extent make it difficult
to predict future changes in ice extent, threatening
safe ice travel and inhibiting adaptation for dimin-
ished future ice presence [11, 27]. It is also possible
that the lack of significant correlationsmay be, at least
partly, attributed to the limitations of our landfast ice
detection method (see SI for additional discussion).
While differences in texture and the presence of the
ice edge polynya enable distinction between landfast
ice and drift ice in ourMODIS-derived ice occurrence
product (figure S1), we cannot determine absolutely
whether the landfast ice is ‘stable’ and grounded from
the optical imagery alone. Therefore, our analysismay
not necessarily represent all the ice that is accessible to

community ice users. Future work identifying drivers
of interannual variability in SLIE should thus con-
sider incorporating additional field data such as in
situ icemass balance buoys as well as combining satel-
lite data with local perspectives.

Interestingly, our analysis reveals a contrast
between landfast ice conditions and processes in
northern Alaska (along the Beaufort and Chukchi
Seas) vs. central/southern Alaska (along the Bering
Sea). In northern Alaska, ice is much more extensive
(SLIE= 27.2 km vs. 10.8 km, on average), and breaks
up later (25 June vs. 20 May), yet it is also more vari-
able and the controls on its formation and breakup
are more complex. Along the Beaufort and Chukchi
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Seas, SLIE is generally uncorrelated with winter air
temperature, years with more extensive ice do not
necessarily tend to breakup earlier, and landfast ice
formation and breakup appear to be independent of
drift ice conditions. A potential reason for this may
be that in the Bering Sea, there is a strong coupling
between atmospheric and oceanic temperatures and
sea ice formation that operates at a local- to regional-
scale [42, 43]. In other words, years with a lower
drift ice concentration and warmer temperatures in
the Bering Sea are associated with increased energy
exchange between the ocean and the atmosphere
via the ice albedo feedback, leading to less extensive
landfast ice and earlier breakup. In contrast, landfast
ice extent in the Beaufort Sea is driven not only by
local winter air temperatures but also by more distal
factors such as Arctic Oceanwind patterns and Bering
Strait inflow currents, which dilute the influence of
local winter air temperatures [2]. This difficulty in
identifying local controls on landfast ice formation
along the Beaufort and Chukchi Seas emphasizes that
northern communities face far greater challenges in
predictability of ice conditions and future ice loss.

Although controls on ice edge position variabil-
ity are complex, our results demonstrate that interan-
nual patterns of breakup timing are well-predicted by
spring air temperatures throughout Alaska, includ-
ing in most communities along the Beaufort and
Chukchi Seas. This finding highlights the fact that
ice breakup is largely a thermal process driven by
atmospheric interactions [28, 44] and corroborates
previous research from elsewhere in the Arctic [20].
By using these strong relationships between breakup
timing and spring air temperature to produce estim-
ates of projected ice loss under different Paris Climate
Agreement targets, we find Alaskan coastal com-
munities will experience breakup 9.5 days earlier at
1 ◦C, 14.2 days earlier at 1.5 ◦C and 18.9 days earlier
at 2 ◦C, with far greater losses (up to 62 days at
+2 ◦C) expected in the northernmost communities.
While the differences between these scenarios may
appear small, they are likely to have substantial effects
on the economy and livelihoods of many Alaskans.
A longer open water season means the coastline
will be more exposed to storms and waves, increas-
ing the propensity for coastal erosion which already
threatens many of these communities [6], especially
those facing the real possibility of relocation [45]. A
decrease in the duration of the ice season can also
negatively impact food security [11]. In the more
northern communities, whaling along the landfast ice
edge is an important cultural activity that will also be
impacted by large decreases in the length of the ice
season as well as a declining ice extent [9, 46].

6. Conclusions

Our results present the first full assessment of landfast
ice position and breakup timing across all of Alaska

over 2000–2022. Landfast ice is extensive across much
of coastal Alaska: equivalent to, on average, 4% of
Alaska’s land area. We find that landfast ice extent is
both highly localized and highly spatially and inter-
annually variable, whereas landfast ice breakup more
neatly follows air temperature patterns. Our estim-
ated ice loss under different Paris Climate Agreement
targets emphasizes the sensitivity of ice breakup to
even small changes in global average temperatures.
The difference between 1.5 ◦C and 2 ◦C of warm-
ing can be difficult to communicate to the public,
but translating these values to loss of ice days is likely
to be much more relevant to coastal communities in
Alaska. As recent research demonstrates that limiting
warming to 1.5 ◦C and even 2 ◦C is unlikely unless
there is transformative global action to reduce car-
bon emissions [47], these estimates of ice loss may
be conservative, further emphasizing the vulnerabil-
ity of Alaskan coastal communities and the landfast
ice environment.

Data availability statement

MODIS imagery is avaiable from NASA Earth
Data (https://www.earthdata.nasa.gov/sensors/
modis). ERA5 Climate Reanalysis Data is available
from Copernicus (https://cds.climate.copernicus.
eu/cdsapp#!/dataset/reanalysis-era5-single-levels).
Bathymetry data are available from GEBCO
(https://www.gebco.net/data_and_products/
gridded_bathymetry_data/gebco_2022/). Drift ice
concentration data is available from NSIDC (https://
nsidc.org/data/g02135/versions/3).

The data that support the findings of this study are
openly available at the following URL/DOI: https://
doi.org/10.5281/zenodo.10413148.
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