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Alaska, shaped by and dependent on ice and
snow, is among the fastest-warming regions

on Earth. As the mean annual air temperature
warms above the freezing threshold of 0°C, the
frozen water of its glaciers, permafrost, and
snow will thaw and melt, altering the physical
landscape and creating a cascade of effects.
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Alaska is among the fastest-warming regions
on Earth. Recent studies show the rate of Arctic-
wide warming is almost four times faster in the
last four decades than anywhere else on the
planet (Rantanen et al. 2022). Alaska national
parks are undergoing change in response to
disproportionate warming at high latitudes
(Gonzalez et al. 2018). As the mean annual
air temperature warms above the freezing
threshold of 0°C, the frozen water, including
glaciers, permafrost, and snow, will melt and
thaw, altering the physical landscape. Here we
provide a summary of key findings that focus
on how even a small increase in temperature
has a profound impact in Alaska parks that are
defined by snow and ice.

Alaska’s Arctic Parks: Approaching
Zero-Degree Celsius Threshold

The Arctic national parks have undergone
tremendous climate variability over time, but
the average temperature conditions we measure
are now approaching, and in some cases
crossing, the zero-degree threshold, which is
unprecedented in modern times. Beyond this
threshold, the cold conditions that define the
Arcticand organize its landscapes and ecological
processes cease, and the transformation to
something we have no experience with begins.

Scientific studies in Arctic parks have
documented the recent implications of climate
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change across the landscape as temperatures
warm, permafrost thaws, and hydrologic
pathways change. The northern regions of
Alaska have warmed the most. This includes
several parks in northwest Alaska, where the
magnitude of temperature change in the past
decade was two to three times greater than other
parks in Alaska (Swanson et al. 2021). Climate
models indicate that Earth’s higher latitudes,
including Alaska, will continue to warm faster
than other parts of the world (IPCC 2021, Lader
et al. 2017). The presence of seasonal sea ice
and snowpack historically characterized parks
in the north and their unique cold climates.
Temperatures in the Arctic parks are projected
to warm by more than 7°C (on average) by the
end of the century, and sea ice duration and
seasonal snow cover will become less important
defining features of the region (Littell 2023).
Ballinger and Overland (2022) highlight the
remarkable change that has occurred in Alaskan
Arctic weather patterns over the last five years
(2017-2021) with shifts in the Aleutian Low and
polar jet stream funneling warmer southerly
winds towards Alaska resulting in diminished
seaice growth. As warming trends continue, the
Arctic will change.

The average annual air temperature of the
Arctic parks has been below 0°C for tens of
thousands of years. The cold temperature
maintains permafrost (perennially frozen

Retrogressive thaw slump in the upper Noatak National Preserve. Retrogressive thaw slumps occur where a cut-bank in ice-rich permafrost advances into undisturbed ground as material
thaws in the steep bank, falls or slumps onto the adjacent gentler slope, and then is transported away by water erosion or sliding.
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ground). Every degree of warming brings these
frozen soils closer to thawing. Trends in Arctic
Alaska’s average annual air temperatures in
communities near the Arctic parks show a
significant increase of more than 2.6°C between
1950 and 2021 (NOAA 2022, Ballinger et al.
2023). In the late 1970s Alaska’s statewide
temperatures started to increase (Hartman and
Wendler 2005). A more recent upward shift in
temperatures occurred in 2014 and included
the two warmest years on record for Alaska
(Figure 1). We compared average annual air
temperatures between the 2014 to 2019 period
with the preceding 30-year period using weather
stations in and around parks. We found that
average air temperatures warmed by at least 1°C
in most locations and up to 3°Cin the northwest
Arctic parks. During recent warm winters, the
mean annual ground temperature at some of
the warmer sites was above 0°C for the first time
since we began measuring (Swanson et al. 2021).

Permafrost is an important feature of
northern and central Alaska, underlaying large
swaths of the landscape (Jorgenson et al. 2008).
Permafrost modeling studies indicated that
at the start of the current century, permafrost
underlaid nearly all of the five Arctic parks,
but by the end of the century, about half of the
permafrost in the Arctic parks will be thawing
as a result of climate warming (Panda et al.
2014a, b, Panda et al. 2016; Figure 2). Thawing
permafrost is one of the most impactful and
widespread consequences of crossing the 0°C
freezing threshold. Permafrost often contains
masses of ice that melt when permafrost thaws,
causing subsidence of the surface and sometime
landslides.

Landscape-scale features that are perceptible
on the surface are the easiest way to document

change. However, the remoteness and sheer size
of the northern Alaska parks makes it impossible
to do this in person. Instead, images that are
gathered from above, through satellites or aerial
photography, enable scientists with a discerning
eye to look for clues on the landscape that may
indicate that the soils are warming. Swanson
(2021a) used satellite images to locate numerous
small landslides (active-layer detachments and
retrogressive thaw slumps) across the Arctic
parks that developed during the exceptionally
warm summers in the mid-2000s. Swanson
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Figure 1. Average annual temperatures from seven long-
term weather stations in and around northern Alaska
national parks, 1952-2019. The red line shows the 10-year
moving average. Notice the upward shift in temperatures
in 2014. Also note that the latest increase puts annual
temperatures near the 0°C freezing threshold.
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Figure 2. Permafrost maps of the Arctic Network National
Parks in the decades 2000 and 2090 from the GIPL

1.0 permafrost model using climate data from CRU
(2000s) and a composite of GCMs (2090s). The negative
temperature values at the bottom of active layer indicate
presence of near-surface permafrost. Temperature above
0 °C at the bottom of active layer indicates presence of

unfrozen material (talik), shown in red (Panda et al. 2016).

and Nolan (2018) used aerial photographs to
document the continued growth of some of
these thaw slumps in the following years.

Other features of these Arctic landscapes
include frozen debris lobes, which are masses
of frozen material that slowly creep downhill.
When warmer temperatures penetrate deeper
into these lobes, they destabilize the frozen
material, allowing it to move downslope faster.
Anything in the path of these debris lobes
gets buried (Swanson 2021a). Frozen debris
lobes that are just below 0°C are susceptible to

run-away sliding with just a degree or two of
warming.

Arctic lake drainage is another consequence
of warming temperatures. Swanson (2019)
found that Arctic coastal parks experienced a
major episode of lake drainages following very
warm years in 2005-2007 and 2018-2019. As the
ground warms and ice melts, the ground surface
subsides. When this happens along a lake shore,
it opens new pathways for water to drain out
of a lake. Deeper snowpacks and high-water
levels during the spring melt can also erode the
lake shore and carve new lake outlets. Once a
new outlet opens, the lake might drain quickly,
leaving behind a dry lakebed (Swanson 2019).

Thawing permafrost also affects the hydro-
logy of the northern landscape. Streamflow
may be declining in headwater reaches due
to the combined effects of vegetation change
and permafrost thaw. Koch and others (2022)
looked at eleven headwater catchments in
northern Alaska parks that varied in forest
cover and the degree of permafrost thaw. They
identified two main climate change impacts to
streamflow. First, climate change allows boreal
treeline and shrub line expansion, which results
inanincrease in evapotranspiration, which is the
physical and biological transport of water to the
atmosphere. Second, permafrost thaw reroutes
rainfall and soil water to deep groundwater
aquifers, often bypassing the stream channel.
Together, these processes can cause streamflow
to decline and may contribute to channel drying.
Headwater streams serve as critical habitat for
native fish species in the Arctic, and this decline
in flow may contribute to a loss of fish habitat
(Koch et al. 2022).
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Arctic rivers are influenced by permafrost thaw and provide
critical nutrients and habitat to fish.
NPS/KEN HILL

Another  surprising consequence  of
permafrost thaw in Arctic parks is that stream
water may become cooler (Sjoberg et al. 2021).
Model results from this study documented
interesting hydrologic flow paths in Arctic
systems related to ground thaw. Water that
remained on top of continuous permafrost
moved through shallow, warmer soil horizons
enroute to the stream. In contrast, water that
was not restricted by a frozen layer percolated
down through unfrozen soils, flowing through
deeper and cooler soil horizons, before entering

the stream. The results of this study suggest
that Arctic summer stream temperatures may
decrease as the permafrost thaws and water
finds its way through deeper cooler soils
(Sjoberg et al. 2021), which can have direct
effects on stream productivity and food webs.

Permafrost stores large amounts of organic
carbon in frozen soil layers (Hugelius et al.
2014). As ground temperatures cross the zero-
degree threshold and permafrost thaws, this
carbon can be transformed and released to the
atmosphere as the greenhouse gases carbon
dioxide and methane (Schadel et al. 2016).
Given the large amount of carbon stored in
permafrost, its release to the atmosphere has
the potential to further warm Earth’s climate
(Schuur et al. 2013). As described above,
permafrost thaw can also alter watershed
hydrology and as a result, the transport of
carbon from terrestrial to aquatic ecosystems.
Not all permafrost soils in Alaska’s Arctic parks
are the same. Soils vary in texture (silt, sand,
gravel, etc.) and in the amount of ground ice
within, including massive ice wedges. These
soil properties affect groundwater movement
and the forms of carbon that get transported to
streams and rivers (O’Donnell et al. 2016). These
observations suggest that as permafrost thaws,
streams and rivers may have different chemical
responses to this climate-induced disturbance
(Toohey et al. 2016).

Most of the carbon stored in permafrost is
very old, ranging from hundreds to thousands
of years old (Estop-Aragones et al. 2020). One
important question is how this old carbon
will impact terrestrial and aquatic ecosystem
function when it is released from thawing
permafrost. O’Donnell and others (2020)
tracked how old carbon was used by stream
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food webs in Alaska’s Arctic parks. They showed
that resident fish, like Arctic grayling and Dolly
Varden, take up old carbon when they eat
stream invertebrates. Fish muscle tissue ranged
in radiocarbon age from modern to more than
5,000 years before the present. More research
is needed to understand how the use of old
carbon affects stream food web function.

The timing of the snow season is closely
coupled with air temperature, and as
temperatures warm, the snow season is shorter
in duration (Pan et al. 2020). A recent study
found that Arctic summers are getting longer.
Using images from remote cameras in Arctic
parks to verify satellite data, one study found
that the snow-free season has lengthened over
the past 20 years. Vegetation is now greening up
a week earlier in the spring and staying green a
week later in the fall (Swanson 2021b).

The high-latitude parks in northern Alaska
are the coldest in the nation but are at the point
of profound change as temperatures warm,
permafrost begins to thaw, and hydrologic
pathways change. Warmer air temperatures are
warming Arctic stream temperatures, causing
lakes to drain as the permafrost beneath them
melts, and are the catalyst for the release of
carbon to the atmosphere and Arctic ecosystems
as the ground surface thaws. When the average
temperature of these places eventually climbs
above freezing, it will be a very different Arctic.
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How the National Park Service Contributes to Knowledge of Global Climate Change

Research and monitoring conducted in Alaska parks by the National Park Service and partners has
resulted in numerous datasets that are highly valuable to understanding environmental changes from
a warming climate in Alaska and beyond. This is because high-latitude regions are seeing changes
much faster and Alaska’s parks are relatively large and naturally functioning. Large, long-term datasets
contribute to greater scientific understanding. The collaboration of NPS scientists in international
forums help inform global scientific questions and conservation. Below are some examples of how NPS
scientists and datasets have contributed to global knowledge.
Alaska park climate data contribute to the Global Historical Climatology Network to inform climatology
maps.

’3 Global Historical Climatology Network monthly (GHCNm) | National Centers for Environmental

Information (NCEI) (noaa.gov)
. PRISM Climate Group at Oregon State University

Permafrost data contribute to Alaska-wide monitoring.
e Arctic Data Center
e Wang, K., E. Jafaroy, I. Overeem, V. Romanovsky, K. Schaefer, G. Clow, F. Urban, W. Cable, M. Piper, C.
Schwalm, T. Zhang, A. Kholodoy, P. Sousanes, M. Loso, and K. Hill. 2018. A synthesis dataset of permafrost-
affected soil thermal conditions for Alaska, USA. Earth Syst. Sci. Data 10(4): 2311-2328.

Dissolved organic carbon in Arctic lakes informs global models of carbon’s role in climate change.

° PANGAEA

e O’'Donnell, J. A, M. P. Carey, J. C. Koch, X. Xu, B. A. Poulin, J. Walker, and C. E. Zimmerman. 2020.
Permafrost hydrology drives the assimilation of old carbon by stream food webs in the Arctic. Ecosystems
23: 435-453.

e O'Donnell, J. A, G. R. Aiken, D. K. Swanson, S. Panda, K. D. Butler, and A. P. Baltensperger. 2016. Dissolved
organic matter composition of Arctic rivers: Linking permafrost and parent material to riverine carbon.
Global Biogeochemical Cycles 30(12): 1811-1826.

e Stolpmann, L., C. Coch, A. Morgenstern, J. Boike, M. Fritz, U. Herzschuh, K. Stoof-Leichsenring, Y.
Dvornikoy, B. Heim, J. Lenz, A. Larsen, K. Walter Anthony, B. Jones, K. Frey, and G. Grosse. 2021. First
pan-Arctic assessment of dissolved organic carbon in lakes of the permafrost region. Biogeosciences 18:
3917-3936.

Boreal-Arctic wetland and lake dataset help improve circumpolar models of current and future methane
emissions.
e The Boreal-Arctic Wetland and Lake Dataset (BAWLD) | U.S. Geological Survey (usgs.gov)
e Olefeldt, D., M. Hovemyr, M. A. Kuhn, D. Bastviken, T. J. Bohn, J. Connolly, P. Crill, E. S. Euskirchen, S. A.
Finkelstein, H. Genet, G. Grosse, L. I. Harris, L. Heffernan, M. Helbig, G. Hugelius, R. Hutchins, S. Juutinen,
M. J. Lara, A. Malhotra, K. Manies, A. D. McGuire, S. M. Natali, J. A. O'Donnell, F. J. W. Parmentier, A.
Rasanen, C. Schadel, O. Sonnentag, M. Strack, S. E. Tank, C. Treat, R. K. Varner, T. Virtanen, R. K. Warren,
and J. D. Watts. 2021. The Boreal-Arctic Wetland and Lake Dataset (BAWLD). Earth Syst. Sci. Data 13:
5127-5149.

Expert assessment of global peatland vulnerability to climate change.
e Loisel, J., A. V. Gallego-Sala, M. J. Amesbury, ... J. A. O'Donnell, ... et al. 2021. Expert assessment of future
vulnerability of the global peatland carbon sink. Nature Climate Change 11: 70-77.
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https://www.prism.oregonstate.edu/projects/alaska.php
https://arcticdata.io/catalog
https://essd.copernicus.org/articles/10/2311/2018/
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https://doi.pangaea.de/10.1594/PANGAEA.932262
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A Climate Change Perspective from Northwest Alaska

The people that live in and around national
parks in Alaska are the most important
resource. They have the firsthand practical
knowledge of changes manifesting across the
landscape, and they are also a vital component
of that landscape. They are on the front line
of climate changes and are acutely affected by
what is happening.

Science and data are powerful tools when
they are used in conjunction with local
knowledge. Ongoing monitoring of weather,
animal movements, hydrology, and vegetation
patterns contribute to community knowledge.

The information is integrated into regional and
global analyses and climate models that are key
to adaptation and mitigation planning efforts.

The changes to the land and the people
are front and center for Bering Land Bridge
National Preserve and the Western Arctic
Parklands where changes in the timing and
extent of sea ice and the ripple effects of a
land that is losing its ice are impacting food
resources, infrastructure, and livelihoods.
Jeanette Koelsch is a tribal member of
Nome Eskimo Community, the largest
tribe in the Bering Strait Region. She shares

her perspective on changes impacting her
community and on lands within Bering Land
Bridge National Preserve where she serves as
the superintendent.

The following excerpts are used with
permission from the University of Alaska
Fairbanks (UAF) Project Jukebox Observing
Change in Alaska's National Parks oral history
interview conducted by Leslie McCartney,
University of Alaska Fairbanks, and Katie
Cullen, National Park Service in 2019
(McCartney 2019).

Jeanette Koelsch is Superintendent for Bering Land
Bridge National Preserve.

Jeanette Koelsch was born in Anchorage,
Alaska to Joe and Grace Cross, and moved to
Nome in 1982 when she was about ten years
old. Her maternal grandparents were Jane and
Jack Antoghame from St. Lawrence Island. From
Jeanette’s perspective:

The continued land use for local people
to ensure that lifestyle would continue

[is important]. One of my main goals is to
work with my staff to ensure those values
are preserved ... and creating stewards of
not only the preserve, but everywhere.

When asked about how climate change
impacts Bering Land Bridge, she says:

| see climate change as probably the
number one threat to park resources.
And to manage effectively, we have to
be able to adapt to the change and do
that in the most responsible way while
still allowing for access and working
with local people on subsistence.

One way park staff are interacting with
local communities is through conversations:

Tribal consultation is something that’s taken
very seriously here, and the needs and the
inputs of the local people ... And | see that
trend in Alaska as we move forward.

The interview highlights some of the most
significant changes from Jeanette's personal
perspective, starting with seasonal changes:

When | was a kid growing up here, winter
was in September. By the time you went
out to do moose hunt, there was usually
hard ground and some snow... but now...
the ground’s not frozen. [Early fall
average temperatures have increased

by 0.6°C in Nome (NOAA 2022a).]

Winter is the busy time for local

people because the main access is by
snowmachine. It is the time when locals
do a lot of subsistence activities because
the whole preserve is accessible.



https://jukebox.uaf.edu/p/3238
https://jukebox.uaf.edu/p/3238

Timing is difficult:

When | discuss changes with the local
people it makes them sad, they are
suffering from the unknown—of

not knowing when to go and hunt
something or if an animal will be there.

The shorter snow and ice season impacts
access to food resources for coastal communities
as well. For example, for Shismaref residents:

If the inlet doesn’t freeze, they have no
access to the preserve, since they are on

a barrier island. Even if there are moose,
caribou, or musk ox, they can‘t get to them.

Shorter snow and ice seasons limiting access
is a thread running through most of the changes
Jeanette described:

[Hunters are] ... also going out
farther to find ice to hunt marine
mammals, more dangerous to go
out five miles than one mile.

[Since 1980, the amount of sea ice that exists
through summer has declined by >13% per
decade and the ice that survives year-round is
thinner and more fragile (NOAA 2022b).]

Impact of Powerful Autumn Storms on
Coastal Western Alaska Communities

A very powerful early autumn storm slammed
into the west coast of Alaska in September of
2022. The storm was notable because of the
timing, intensity, and sheer size. Although,
fall is generally the stormy season, in the past
the presence of sea ice along the coast has
buffered communities and protected them from
powerful storm surges. In the case of remnant
Typhoon Merbok, it was early in the season and
there was no sea ice. This storm was fueled by
anomalously warm water in the North Pacific
Ocean southwest of Alaska. Storms usually
fizzle when they move over the colder northern
waters, but in this case, the warm water enabled
it to keep its intensity.

This storm sheds light on how a single
extreme event can be devasting for people
who subsist off the land and take great care
and time to prepare for a long, cold winter. Fish
camps were destroyed, boats went missing, and
freezers thawed along with a winter’s supply of
food. Livelihoods were disrupted or upended by
this event.

In a warmer world, with warmer oceans and
longer ice-free seasons, Alaskan coastal com-
munities will continue to be more vulnerable to
intense fall storms. Koelsch adds:

From my observations, storms seem more
frequent and stronger, action needs to
happen to protect communities and
subsistence camps. We need to work
with communities and tribes to be more
adaptive to climate change impacts.
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Also See

Observing Change in Alaska’s National Parks

Capturing the effects of change on cultural
and natural resources at these coastal parks,
and hearing about the effects on the human
connection to those resources allows audiences
to gain first-hand understanding of a changing
environment and provides the opportunity to
draw comparisons between two distinct regions
of Alaska.
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Alaska’s Interior Parks: At the Zero-
Degree Celsius Threshold

Parks in the central and southwest Alaska
interior are in a more precarious position than
the Arctic when it comes to nearing the 0°C
threshold. A temperature increase of just a
few degrees could alter the landscape. Many
Interior Alaska parks have an annual average air
temperature just below the freezing threshold.
Temperatures increased abruptly in 2014 and
many of the locations in and adjacent to Denali
National Park and Preserve, Wrangell-St.
Elias National Park and Preserve, and Yukon-
Charley Rivers National Preserve experienced
average annual temperatures at or above the
freezing threshold of 0°C (Swanson et al. 2021).
Permafrost extent maps show that about half
of Denali and three-fourths of Wrangell-St.
Elias had permafrost around the year 2000, but
that it was susceptible to thaw because ground
temperatures were at or just below 0°C (Panda
et al. 2014a, b). Modeling by Panda and others
(2014a, b) predict that most of the permafrost
in these two parks will start to thaw by the
end of the current century. The implications
of thawing permafrost are more immediate
and widespread in this region. Large swaths of
parklands and communities are at the precipice
of melt, with immediate and visible changes to
the physical landscape and costly impacts to
park infrastructure.

Permafrost landscapes in Interior Alaska
parks are already experiencing dramatic
changes in response to climate, ecological
succession, and fire (Jorgenson et al. 2020).
Fire history, soil properties, hydrology, air
temperature, and snow cover all interact and
affect ground temperatures and the potential
for permafrost degradation in boreal peatlands

which are common throughout Interior Alaska.
Long-term monitoring at Gosling Lake, near
Lake Minchumina in Denali National Park
and Preserve, showed increasing permafrost
degradation in recent decades in response
to long-term warming, recent warm and wet
summers, and low-severity fire (Jorgenson
2022). However, short-term variability also plays
a key role. Snow acts as a blanket, insulating the
permafrost from frigid winter air temperatures.
Extreme seasonal weather with cold winters and
little snow resulted in the temporary recovery of
permafrost in some bog landscapes. This shows
that when ground temperatures are near zero,
relatively small changes in temperature can
result in large landscape changes.

Climate warming is thawing permafrost,
which can weaken earth materials and increase
the occurrence of landslides (Patton et al.
2019, Lader et al. 2023). There are numerous
landslides in the vicinity of the Denali Park
Road that were initiated or aggravated by
permafrost thaw, leading to road closures and
costly repairs (Capps et al. 2017, Patton et al.
2020, 2021). Patton and others (2021) looked at
three shallow-angle, thaw-initiated landslides
in Denali to quantify the deformation and
movement. The authors found that there was no
evidence of shallow permafrost within a recent
landslide, indicating that when the surface was
disturbed there was an increase in the amount
of heat available to thaw soils below the surface.
This is an example of a positive feedback
loop where warming temperatures lead to
an acceleration of permafrost thaw in recent
landslides (Patton et al. 2021).

Snow cover plays an important role on
the landscape; it regulates local and regional
temperatures by reflecting incoming solar
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radiation and controlling evaporation,
condensation, and sublimation of water. Snow
cover also protects vegetation and wildlife
that lives under the snow from sub-zero air
temperatures and opens the landscape to
snow travel for transportation and subsistence
activities. When temperatures exceed 0°C,
precipitation falls more frequently as rain rather
than snow, which can impact wildlife, plants,
and people. This temperature and rain-versus-
snow threshold also dictates the duration of the
snow cover season, with warming temperatures
changing the timing (phenology) of the seasons.

A recent study showed that the amount of
sunlight that is reflected by the ground (known
as albedo) declined by 79% when dry winter
snow melted in the spring (Kim et al. 2018).
Along the way from snow to no-snow, the study
found that when the snowpack starts to thaw
and refreeze each day in the spring, there is a
25% decrease in snow cover albedo in Alaska.
As albedo goes down, the surface absorbs more
energy from the sun, reinforcing snowmelt and
surface warming. This contributes to an earlier
growing season onset and activation of seasonal
biological and hydrological processes (Kim et
al. 2018).

As temperatures increase and influence
other processes like snow melt and albedo,
the number of snow-free days is increasing.
Earlier snow-off dates (date when the seasonal
snowpack melts in the spring) lead to longer
growing seasons, permafrost degradation,
changes in hydrology, and a host of other
ecosystem processes. Using remote sensing, Pan
et al. 2020, 2021 found a trend toward earlier
snow-off timing from 1988-2018 across Alaska.
The average trend was 0.39 days per year or 12
days over the study period, but the trend varied
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from 0.11 to 1.31 days per year depending on
the location. Snow-off was markedly earlier in
warm years and more variable in recent years.

Rain-on-snow (ROS), or “wet” snow events
affect the hydrology, wildlife, and human activity
in and around Alaska’s parks. ROS events can
influence caribou movement during the winter
season (Loe et al. 2016) and reduce caribou’s
access to forage under the snow. The rain
freezes on top of the snow creating a hard crust
and a barrier to the lichens on the ground below.
Projections indicate an increased likelihood of
ROS events across caribou ranges in northern
Alaska (Bieniek et al. 2018). ROS events are most
common during autumn and spring months
along the maritime Bering Sea coast and boreal
interior regions but are infrequent on the colder
Arctic North Slope. Their frequency and extent
coincide with greater climate variability and
warmer temperatures regionally (Figure 3).
While further study of ROS is needed, initial
modeling results suggest that as high-latitude
temperatures increase, wet snow events will
also increase in frequency and extent,
particularly in the southwestern and interior
regions of Alaska (Pan et al. 2018a, b).

Littell and others (2018) looked at the
statewide snow response to climate change
using historical data and global climate models.
As more locations in Alaska transition across
the 0 °C threshold, the number of months with
reliable snow cover decreases, mainly at lower
elevations and lower latitudes. Littell (2023)
recently mapped climate change and impact
projections for the national parks in Alaska.
The future scenarios for snowfall included both
a mid- and late-century time frame, and both
a medium and high range of warming. In all
scenarios and at all parks temperatures warmed

and total annual precipitation increased. The
snowfall trajectories varybylocationand depend
on the annual temperature of the region. Higher
latitudes and higher elevations will stay colder
longer, and the increase in winter precipitation
will be in the form of snow.

Alaska Park Science, Volume 22, Issue 1

Figure 3. This figure shows the number of rain-on-snow
(wet snow) days per year across Alaska. Southwest and
central Alaska experience the most rain-on-snow days
mostly in November and December. But they can occur
anywhere, even in the high Arctic, with above normal
temperatures.
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Alaska’s Coastal Mountain Parks: Straddling
the Zero-Degree Celsius Threshold

Alaska parks along the southern coast have
the largest proportion of glaciers and ice fields
of any in the country—they are high enough
in latitude and have high-elevation mountain
ranges that capture moisture spinning off the
Pacific Ocean as snow. Glaciers and glacier
systems are the dominant physical features
in these parks and are inextricably linked to
climate fluctuations.

Delineation of glacier-covered area in
the state of Alaska indicates overall glacier-
covered area decreased by 13% (3,253 square
miles or 8,425 km?) between 1985 and 2020
(Roberts-Pierel et al. 2021). During the same
period supraglacial debris expanded by 64%
(1,081 square miles or 2,799 km?) suggesting
a significant loss in volume as well. This study
also shows a clear and ongoing trend of reduced
area, especially at the mid and lower elevations,
where the 0-degree isotherm is changing most
rapidly. Furthermore, an earlier study showed
the glacier-covered area in the Alaskan parks
decreased by 8% between the 1950s and the
early 2000s suggesting that the rate of loss is also
increasing (Loso et al. 2014).

As temperatures warm and glaciers retreat,
what was recently covered in ice becomes newly

exposed land or water with implications for . 4 Kenai Fiords National Park o !  for (3) Bear Glacier (b) Alalik Glacier: (0 Ped
igure 4. Kenai Fjords National Park seasonal glacier outlines traced for (a) Bear Glacier; ialik Glacier; (c) Pedersen

;ugacle %lbedo’ de,C,OSySteis and downsc‘i[ream G_Iacier; (d) Holgate Glacier (_top), South Holgate Glaci_er — West .(bottom_ left) and South Holgate Glacier — East (bottom

ydrologic conditions. recent study 1n right); (e) Northeastern Glacier; (f) Northwestern Glacier; (g) Ogive Glacier (top) and Anchor Glacier (bottom); (h)
Kenai Fjords National Park documented rapid | Reconstitution Glacier (top) and Southwestern Glacier (bottom); (i) Sunlight Glacier; (j) Paguna Glacier; (k) McCarty Glacier;
maritime glacier retreat and terminus change at (I) Dinglestadt Glacier; (m) Split Glacier; (n) Yalik (_ilacier; and (o} Petrof Glacier. .The cplor scale ranges from purple as the
19 olaci betw. 1984-2021 that lted i oldest (1984) to red as the youngest (2021). Glacier reference lines are shown in white. Maps (a) and (n) are shown at

g ac1er§ ctween - - at resufted n 1:250 000 scale, and all others are at 1:100 000 scale. The base image is a hillshade of a DEM from a U.S. Fish and Wildlife

a cumulative loss of 16 square miles (42 km?) of | Service-led structure-from-motion data acquisition in 2016. From Black and Kurtz 2022.

ice (Black and Kurtz 2022; Figure 4). As glaciers
melt, new habitats form in their wake. In some
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cases, new recreation opportunities develop,
too, such as at the expanded proglacial lake at
Kenai Fjords’ Bear Glacier where visitation has
increased in the past decade.

Recent monitoring efforts in Glacier Bay
National Park and Preserve found that, in some
cases, glacier retreat can reroute the outlet of a
major river, resulting in not only ecological
impacts, but significant socioeconomic impacts
as well. Loso and others (2021) predict that due
to thinning glacier termini, the Alsek River will
abandon its present Dry Bay outlet channel in
favor of the much steeper outlet of Grand
Plateau Lake, more than 17 miles (28 km) to the
southeast in the federally designated wilderness
of Glacier Bay National Park (Figure 5).
Traditional and modern human activities
dependent on the Alsek River in Dry Bay include
commercial fishing, subsistence and sport
hunting and fishing, and world-renowned
wilderness rafting expeditions.

Figure 5. Overview of the lower Alsek River/Grand Plateau Glacier study area. On main map, yellow dashed line is possible
new outlet of Alsek River. GPG is Grand Plateau Glacier; -AL and -GPL are its Alsek and Grand Plateau distributary lobes,
respectively. AG is Alsek Glacier, GK is Gateway Knob, and N is an unnamed nunatak. Red lines show extent of Alsek and
Grand Plateau lobes in 1958; both lake basins were completely occupied by glacier ice in 1928 International Boundary
Commission map. Inset shows location of the main map (red rectangle) in southern Alaska and adjacent Canada. Blue line
is Alsek River, red line is Alsek watershed boundary, and light blue polygons are glacier cover from RGI 6.0. Green polygon is
Glacier Bay National Park, and the yellow polygon is Glacier Bay National Preserve, centered over the lower Alsek River and
Dry Bay. Base is Sentinel-2 image acquired September 10, 2018; Albers equal area projection. From Loso et al. 2021.
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The Phase Shift

Alaska parks are in a state of change as the
frozen components of the landscapes warm.
As average annual temperatures climb above 0
°C, permafrost has begun to thaw and, with this
phase shift, there has been a myriad of changes.
Thawing ground increases landslide risks and
erosion along park roads and rivers and wreaks
havoc on infrastructure that has been designed
for frozen soils. Warming temperatures are
affecting snow cover, increasing the length of
the snow-free season, decreasing surface albedo
and increasing the frequency of rain-on-snow
or wet snow events with cascading impacts to
park resources. Glaciers, while retaining snow
up high, are receding and thinning at lower
elevations and this has significant impacts for
subsistence, park management, and recreational
pursuits in the parks. This critical phase shift
from frozen to unfrozen is happening now
and will continue into the future, impacting all
Alaska parks.

Crossing the Zero-Degree Threshold
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Thawing permafrost creates instability and can lead to geohazards such as landslides, like this massive one that occurred on September 17, 2022 and covered almost 2,000 acres (8 km?) of
Lamplugh Glacier in Glacier Bay National Park and Preserve.
MOUNTAIN FLYING SERVICE/PAUL SWANSTROM

A 2 1





