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Key Messages

1.

Arctic summer sea ice is receding faster than previously projected and is expected
to virtually disappear before mid-century. This is altering marine ecosystems and
leading to greater ship access, offshore development opportunity, and increased
community vulnerability to coastal erosion.

Most glaciers in Alaska and British Columbia are shrinking substantially. This
trend is expected to continue and has implications for hydropower production,
ocean circulation patterns, fisheries, and global sea level rise.

Permafrost temperatures in Alaska are rising, a thawing trend that is expected to
continue, causing multiple vulnerabilities through drier landscapes, more wildfire,
altered wildlife habitat, increased cost of maintaining infrastructure, and the release
of heat-trapping gases that increase climate warming.

Current and projected increases in Alaska’s ocean temperatures and changes in
ocean chemistry are expected to alter the distribution and productivity of Alaska’s
marine fisheries, which lead the U.S. in commercial value.

The cumulative effects of climate change in Alaska strongly affect Native
communities, which are highly vulnerable to these rapid changes but have a deep
cultural history of adapting to change.
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Introduction

Alaska is the United States’ only arctic region. Its marine, tundra, boreal (northern) forest, and
rainforest ecosystems differ from most of those in other states and are relatively intact. Alaska is
home to millions of migratory birds, hundreds of thousands of caribou, some of the world’s
largest salmon runs, a significant proportion of the nation’s marine mammals, and half of the
nation’s fish catch.

Energy production is the main driver of the state’s economy, providing more than 80% of state
government revenue and thousands of jobs.? Continuing pressure for oil, gas, and mineral
development on land and offshore in ice-covered waters increases the demand for infrastructure,
placing additional stresses on ecosystems. Land-based energy exploration will be affected by a
shorter season when ice roads are viable, yet reduced sea ice extent may create more opportunity
for offshore development. Climate also affects hydropower generation.* Mining and fishing are
the second and third largest industries in the state, with tourism rapidly increasing since the
1990s.” Fisheries are vulnerable to changes in fish abundance and distribution that result from
both climate change and fishing pressure. Tourism might respond positively to warmer springs
and autumns” but negatively to less favorable conditions for winter activities and increased
summer smoke from wildfire.”

Alaska is home to 40% (229 of 566) of the federally recognized tribes in the United States.® The
small number of jobs, high cost of living, and rapid social change make rural, predominantly
Native communities highly vulnerable to climate change through impacts on traditional hunting
and fishing and cultural connection to the land and sea. Because most of these communities are
not connected to the state’s road system or electrical grid, the cost of living is high, and it is
challenging to supply food, fuel, materials, health care, and other services. Climate impacts on
these communities are magnified by additional social and economic stresses. However, Alaskan
Native communities have for centuries dealt with scarcity and high environmental variability and
thus have deep cultural reservoirs of flexibility and adaptability.

Observed Climate Change

Over the past 60 years, Alaska has warmed more than twice as rapidly as the rest of the U.S.,
with state-wide average annual air temperature increasing by 3°F and average winter temperature
by 6°F, with substantial year-to-year and regional variability (Ch. 2: Our Changing Climate, Key
Message 3). This warming involves more extremely hot days and fewer extremely cold days (Ch.
2: Our Changing Climate, Key Message 7).”® Because of its cold-adapted features and rapid
warming, climate-change impacts on Alaska are already pronounced, including earlier spring
snowmelt, reduced sea ice, widespread glacier retreat, warmer permafrost, drier landscapes, and
more extensive insect outbreaks and wildfire, as described below.
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Alaska Will Continue to Warm Rapidly
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Figure 22.1: Alaska Will Continue to Warm Rapidly

Caption: Northern latitudes are warming faster than more temperate regions, and Alaska
has already warmed much faster than the rest of the country. Maps show changes in
temperature, relative to 1971-1999, projected for Alaska in the early, middle, and late
parts of this century, if heat-trapping gas emissions continue to increase (higher
emissions, A2), or are substantially reduced (lower emissions, B1). (Figure source:
adapted from Stewart et al. 2013°).

Projected Climate Change

Average annual temperatures in Alaska are projected to rise by an additional 2°F to 4°F by 2050.
If global emissions continue to increase during this century, temperatures can be expected to rise
10°F to 12°F in the north, 8°F to 10°F in the interior, and 6°F to 8° in the rest of the state. Even
with substantial emissions reductions, Alaska is projected to warm by 6°F to 8°F in the north and
4°F to 6°F in the rest of the state by the end of the century (Ch. 2: Our Changing Climate, Key
Message 3).2°

Annual precipitation is projected to increase, especially in northwestern Alaska,® as part of the
broad pattern of increases projected for high northern latitudes. Annual precipitation increases of
about 15% to 30% are projected for the region by late this century if global emissions continue to
increase (A2). All models project increases in all four seasons.® However, increases in
evaporation due to higher air temperatures and longer growing seasons are expected to reduce
water availability in most of the state.’® Projected increases in length of growing season,*! which
continue a 45% increase in length of growing season over the last century in interior Alaska,*?
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could improve conditions for agriculture where moisture is adequate, but will reduce water
storage and increase the risks of more extensive wildfire and insect outbreaks across much of
Alaska.’*** Changes in dates of snowmelt and freeze-up would influence seasonal migration of
birds and other animals, increase the likelihood and rate of northerly range expansion of native
and non-native species, alter the habitats of both ecologically important and endangered species,
and affect ocean currents.™

Disappearing Sea Ice

Arctic summer sea ice is receding faster than previously projected and is expected to
virtually disappear before mid-century. This is altering marine ecosystems and leading to
greater ship access, offshore development opportunity, and increased community
vulnerability to coastal erosion.

Arctic sea ice extent and thickness have declined substantially, especially in late summer
(September), when there is now only about half as much sea ice as at the beginning of the
satellite record in 1979 (Ch. 2: Our Changing Climate, Key Message 11).2°*" The six Septembers
with the lowest ice extent all occurred in the past six years. As sea ice declines, it becomes
thinner, with less ice build-up over multiple years, and therefore more vulnerable to further
melting.}” Models that best match historical trends project northern waters that are virtually ice-
free by late summer by the 2030s.*®*° Within the general downward trend in sea ice there will be
time periods with both rapid ice loss and temporary recovery,?® making it challenging to predict
short-term changes in ice conditions.
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Declining Sea Ice Extent

ot
[=]

g
n

g
o

Million Square Miles

-
)

1.0
1975 1985 1995
Year

Figure 22.2: Declining Sea Ice Extent

Caption: Average September extent of arctic sea ice in 1980 (second year of satellite
record and year of greatest September sea ice extent; outer red boundary), 1998 (about
halfway through the time series; outer pink boundary) and 2012 (recent year of record
and year of least September sea ice extent; outer white boundary). September is typically
the month when sea ice is least extensive. Inset is the complete time series of average
September sea ice extent (1979-2013). (Figure source: NSIDC 2012; Data from Fetterer
etal. 2013%).

Reductions in sea ice increase the amount of the sun’s energy that is absorbed by the ocean. This
leads to a self-reinforcing climate cycle, because the warmer ocean melts more ice, leaving more
dark open water that gains even more heat. In autumn and winter, there is a strong release of this
extra ocean heat back to the atmosphere. This is a key driver of the observed increases in air
temperature in the Arctic.?” This strong warming linked to ice loss can influence atmospheric
circulation and patterns of precipitation, both within and beyond the Arctic (for example,Z).
There is growing evidence that this has already occurred® through more evaporation from the
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ocean, which increases water vapor in the lower atmosphere®® and autumn cloud cover west and
north of Alaska.?®

Sea Ice Loss Brings Big Changes to Arctic Life

Alaskan hunters
will be placed
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[11]

Figure 22.3: Sea Ice Loss Brings Big Changes to Arctic Life

Caption: Reductions in sea ice alter food availability for many species from polar bear to
walrus, make hunting less safe for Alaska Native hunters, and create more accessibility
for Arctic Ocean marine transport, requiring more Coast Guard coverage. (Photo credits:
(top left) G. Carleton Ray; (top right) Patrick Kelley).

With reduced ice extent, the Arctic Ocean is more accessible for marine traffic, including trans-
arctic shipping, oil and gas exploration, and tourism.?’ This facilitates access to the substantial
deposits of oil and natural gas under the seafloor in the Beaufort and Chukchi seas, as well as
raising the risk to people and ecosystems from oil spills and other drilling and maritime-related
accidents. A seasonally ice-free Arctic Ocean also increases sovereignty and security concerns as
a result of potential new international disputes and increased possibilities for marine traffic
between the Pacific and Atlantic Oceans.’

Polar bears are one of the most sensitive arctic marine mammals to climate warming because
they spend most of their lives on sea ice.?® Declining sea ice in northern Alaska is associated
with smaller bears, probably because of less successful hunting of ice-dependent seals.?
Although bears can give birth to cubs on sea ice, increasing numbers of female bears now come
ashore in Alaska in the summer and fall*® and den on land.*! In Hudson Bay, Canada, the most
studied population in the Arctic, sea ice is now absent for three weeks longer than just a few
decades ago, resulting in less body fat, reduced survival of both the youngest and oldest bears,*
and a population now estimated to be in decline® and projected to be in jeopardy.** Similar polar
bear population declines are projected for the Beaufort Sea region.*®
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Walrus depend on sea ice as a platform for giving birth, nursing, and resting between dives to the
seafloor, where they feed.® In recent years, when summer sea ice in the Chukchi Sea retreated
over waters that were too deep for walrus to feed,*” large numbers of walrus abandoned the ice
and came ashore. The high concentration of animals results in increased competition for food
and can lead to stampedes when animals are startled, resulting in trampling of calves.*® This
movement to land first occurred in 2007 and has happened three times since then, suggesting a
threshold change in walrus ecology.

With the late-summer ice edge located farther north than it used to be, storms produce larger
waves and more coastal erosion.’ An additional contributing factor is that coastal bluffs that were
“cemented” by ice-rich permafrost are beginning to thaw in response to warmer air and ocean
waters, and are therefore more vulnerable to erosion.* Standard defensive adaptation strategies
to protect coastal communities from erosion, such as use of rock walls, sandbags, and rip-rap,
have been largely unsuccessful.*® Several coastal communities are seeking to relocate to escape
erosion that threatens infrastructure and services but, because of high costs and policy constraints
on use of federal funds for community relocation, only one Alaskan village has begun to relocate
(See also Ch. 12: Indigenous Peoples).*"*?

Box 1. Living on the Front Lines of Climate Change
“Not that long ago the water was far from our village and could not be easily seen from our
homes. Today the weather is changing and is slowly taking away our village. Our boardwalks
are warped, some of our buildings tilt, the land is sinking and falling away, and the water is
close to our homes. The infrastructure that supports our village is compromised and affecting the
health and well-being of our community members, especially our children.”

Alaska Department of Commerce and Community and Economic Development, 2012*®

Newtok, a Yup’ik Eskimo community on the seacoast of western Alaska is on the front lines of
climate change. Between October 2004 and May 2006, three storms accelerated the erosion and
repeatedly “flooded the village water supply, caused raw sewage to be spread throughout the
community, displaced residents from homes, destroyed subsistence food storage, and shut down
essential utilities.”** The village landfill, barge ramp, sewage treatment facility, and fuel storage
facilities were destroyed or severely damaged.*® The loss of the barge landing, which delivered
most supplies and heating fuel, created a fuel crisis. Salt water is intruding into the community
water supply. Erosion is projected to reach the school, the largest building in the community, by
2017.
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Figure 22.4: Newtok, Alaska

Caption: Residents in Newtok, Alaska are living with the effects of climate change, with
thawing permafrost, tilting houses, sinking boardwalks, in conjunction with aging fuel
tanks and other infrastructure that cannot be replaced because of laws that prevent public
investment in flood-prone localities. (Photo credit: F. S. Chapin 111, 2012).

Recognizing the increasing danger from coastal erosion, Newtok has worked for a generation to
relocate to a safer location. However, current federal legislation does not authorize federal or
state agencies to assist communities in relocating, nor does it authorize them to repair or upgrade
storm-damaged infrastructure in flood-prone locations like Newtok.** Newtok therefore cannot
safely remain in its current location nor can it access public funds to adapt to climate change
through relocation.

Newtok’s situation is not unique. At least two other Alaskan communities, Shishmaref and
Kivalina, also face immediate threat from coastal erosion and are seeking to relocate, but have
been unsuccessful in doing so. Many of the world’s largest cities are coastal and are also exposed
to climate-induced flood risks.*®

-- end box --
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Shrinking Glaciers

Most glaciers in Alaska and British Columbia are shrinking substantially. This trend is
expected to continue and has implications for hydropower production, ocean circulation
patterns, fisheries, and global sea level rise.

Alaska is home to some of the largest glaciers and fastest loss of glacier ice on Earth.*"*3“° This
rapid ice loss is primarily a result of rising temperatures (for example,>**°% Ch. 2: Our
Changing Climate, Key Message 11). Loss of glacial volume in Alaska and neighboring British
Columbia, Canada currently contributes 20% to 30% as much surplus fresh water to the oceans
as does the Greenland Ice Sheet — about 40 to 70 gigatons per year,*®°*>*° comparable to 10%
of the annual discharge of the Mississippi River.>® Glaciers continue to respond to climate
warming for years to decades after warming ceases, so ice loss is expected to continue, even if
air temperatures were to remain at current levels. The global decline in glacial and ice-sheet
volume is predicted to be one of the largest contributors to global sea level rise during this
century (Ch. 2: Our Changing Climate, Key Message 10).>"*®

Water from glacial landscapes is also recognized as an important source of organic carbon,**®

phosphorus,® and iron® that contribute to high coastal productivity, so changes in these inputs
could alter critical nearshore fisheries.®*®

Glaciers supply about half of the total freshwater input to the Gulf of Alaska.®* Glacier retreat
currently increases river discharge and hydropower potential in south central and southeast
Alaska, but over the longer term might reduce water input to reservoirs and therefore
hydropower resources.’

Thawing Permafrost

Permafrost temperatures in Alaska are rising, a thawing trend that is expected to continue,
causing multiple vulnerabilities through drier landscapes, more wildfire, altered wildlife
habitat, increased cost of maintaining infrastructure, and the release of heat-trapping gases
that increase climate warming.

Alaska differs from most of the rest of the U.S. in having permafrost — frozen ground that
restricts water drainage and therefore strongly influences landscape water balance and the design
and maintenance of infrastructure. Permafrost near the Alaskan arctic coast has warmed 4°F to
5°F at 65 foot depth®®*®® since the late 1970s and 6°F to 8°F at 3.3 foot depth since the mid-
1980s.%” In Alaska, 80% of land is underlain by permafrost, and of this, more than 70% is
vulnerable to subsidence upon thawing because of ice content that is either variable, moderate, or
high.®® Thaw is already occurring in interior and southern Alaska and in northern Canada, where
permafrost temperatures are near the thaw point.®® Models project that permafrost in Alaska will
continue to thaw,”®"* and some models project that near-surface permafrost will be lost entirely
from large parts of Alaska by the end of the century.”
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The Big Thaw
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Figure 22.5: The Big Thaw

Caption: Projections for average annual ground temperature at a depth of 3.3 feet over
time if emissions of heat-trapping gases continue to grow (higher emissions scenario,
A2), and if they are substantially reduced (lower emissions scenario, B1). Blue shades
represent areas below freezing at a depth of 3.3 feet, and yellow and red shades represent
areas above freezing at that depth, based on the GIPL 1.0 model. (Figure source:
Permafrost Lab, Geophysical Institute, University of Alaska Fairbanks).

Uneven sinking of the ground in response to permafrost thaw is estimated to add between $3.6
and $6.1 billion (10% to 20%) to current costs of maintaining public infrastructure such as
buildings, pipelines, roads, and airports over the next 20 years.”® In rural Alaska, permafrost
thaw will likely disrupt community water supplies and sewage systems,’*">® with negative
effects on human health.”” The period during which oil and gas exploration is allowed on tundra
has decreased by 50% since the 1970s as a result of permafrost vulnerability.'°
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Mounting Expenses from Permafrost Thawing
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Figure 22.6: Mounting Expenses from Permafrost Thawing

Caption: Effects of permafrost thaw on houses in interior Alaska (2001, top left), roads in
eastern Alaska (1982, top right), and the estimated costs (with and without climate change) of
replacing public infrastructure in Alaska assuming a mid-range emissions scenario (A1B,
with some decrease from current emissions growth trends). (Photo credits: (top left) Larry
Hinzman; (top right) Joe Moore. Figure source: adapted from Larsen and Goldsmith 2007°%).

On average, lakes have decreased in area in the last 50 years in the southern two-thirds of
Alaska,”*®*°8! due to a combination of permafrost thaw, greater evaporation in a warmer climate,
and increased soil organic accumulation during a longer season for plant growth. In some places,
however, lakes are getting larger because of lateral permafrost degradation.®’ Future permafrost
thaw will likely increase lake area in areas of continuous permafrost and decrease lake area in
places where the permafrost zone is more fragmented.”
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Drying Lakes and Changing Habitat

Figure 22.7: Drying Lakes and Changing Habitat

Caption: Progressive drying of lakes in northern forest wetlands in the Yukon Flats
National Wildlife Refuge, Alaska. Foreground orange area was once a lake. Mid-ground
lake once extended to the shrubs. (Photo credit: May-Le Ng).

A continuation of the current drying of Alaskan lakes and wetlands could affect waterfowl
management nationally because Alaska accounts for 81% of the National Wildlife Refuge
System and provides breeding habitat for millions of migratory birds that winter in more
southerly regions of North America and on other continents.®* Wetland loss would also reduce
waterfowl harvest in Alaska, where it is an important food source for Alaska Natives and other
rural residents.

Both wetland drying and the increased frequency of warm dry summers and associated
thunderstorms have led to more large fires in the last ten years than in any decade since record-
keeping began in the 1940s.*® In Alaskan tundra, which was too cold and wet to support
extensive fires for approximately the last 5,000 years,®® a single large fire in 2007 released as
much carbon to the atmosphere as had been absorbed by the entire circumpolar arctic tundra
during the previous quarter-century.?* Even if climate warming were curtailed by reducing heat-
trapping gas (also known as greenhouse gas) emissions (as in the B1 scenario), the annual area
burned in Alaska is projected to double by mid-century and to triple by the end of the century,®®
thus fostering increased emissions of heat-trapping gases, higher temperatures, and increased
fires. In addition, thick smoke produced in years of extensive wildfire represents a human health
risk (Ch. 9: Human Health). More extensive and severe wildfires could shift the forests of
Interior Alaska during this century from dominance by spruce to broadleaf trees for the first time
in the past 4,000 to 6,000 years.®*#’

Wildfire has mixed effects on habitat. It generally improves habitat for berries, mushrooms, and
moose,>"® but reduces winter habitat for caribou because lichens, a key winter food source for
caribou, require 50 to 100 years to recover after wildfire.®® These habitat changes are
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nutritionally and culturally significant for Alaska Native Peoples.®®% In addition, exotic plant
species that were introduced along roadways are now spreading onto river floodplains and
recently burned forests,” potentially changing the suitability of these lands for timber production
and wildlife. Some invasive species are toxic to moose, on which local people depend for food.”

Changes in terrestrial ecosystems in Alaska and the Arctic may be influencing the global climate
system. Permafrost soils throughout the entire Arctic contain almost twice as much carbon as the
atmosphere.”® Warming and thawing of these soils increases the release of carbon dioxide and
methane through increased decomposition. Thawing permafrost also delivers organic-rich soils
to lake bottoms, where decomposition in the absence of oxygen releases additional methane.*
Extensive wildfires also release carbon that contributes to climate warming.®>® The capacity of
the Yukon River Basin in Alaska and adjacent Canada to store carbon has been substantially
weakened since the 1960s by the combination of warming and thawing of permafrost and by
increased wildfire.*® Expansion of tall shrubs and trees into tundra makes the surface darker and
rougher, increasing absorption of the sun’s energy and further contributing to warming.®” This
warming is likely stronger than the potential cooling effects of increased carbon dioxide uptake
associated with tree and shrub expansion.® The shorter snow-covered seasons in Alaska further
increase energy absorption by the land surface, an effect only slightly offset by the reduced
energy absorption of highly reflective post-fire snow-covered landscapes.” This spectrum of
changes in Alaskan and other high-latitude terrestrial ecosystems jeopardizes efforts by society
to use ecosystem carbon management to offset fossil fuel emissions.”

Changing Ocean Temperatures and Chemistry

Current and projected increases in Alaska’s ocean temperatures and changes in ocean
chemistry are expected to alter the distribution and productivity of Alaska’s marine
fisheries, which lead the U.S. in commercial value.

Ocean acidification, rising ocean temperatures, declining sea ice, and other environmental
changes interact to affect the location and abundance of marine fish, including those that are
commercially important, those used as food by other species, and those used for
subsistence.*®*9*1%2 These changes have allowed some near-surface fish species such as salmon
to expand their range northward along the Alaskan coast.'® In addition, non-native species are
invading Alaskan waters more rapidly, primarily through ships releasing ballast waters and
bringing southerly species to Alaska.”'® These species introductions could affect marine
ecosystems, including the feeding relationships of fish important to commercial and subsistence
fisheries.

Overall habitat extent is expected to change as well, though the degree of the range migration
will depend upon the life history of particular species. For example, reductions in seasonal sea
ice cover and warmer surface temperatures may open up new habitat in polar regions for some
important fish species, such as cod, herring, and pollock.’® However, continued presence of cold
bottom-water temperatures on the Alaskan continental shelf could limit northward migration into
the northern Bering Sea and Chukchi Sea off northwestern Alaska.'® In addition, warming may
cause reductions in the abundance of some species, such as pollock, in their current ranges in the
Bering Sea'®’ and reduce the health of juvenile sockeye salmon, potentially resulting in
decreased overwinter survival.'®® If ocean warming continues, it is unlikely that current fishing
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pressure on pollock can be sustained.'%® Higher temperatures are also likely to increase the
frequency of early Chinook salmon migrations, making management of the fishery by multiple
user groups more challenging.™*°

The changing temperature and chemistry of the Arctic Ocean and Bering Sea are likely changing
their role in global ocean circulation and as carbon sinks for atmospheric CO,, although the
importance of these changes in the global carbon budget remains unresolved. The North Pacific
Ocean is particularly susceptible to ocean acidification (See also Ch. 2: Our Changing Climate,
Key Message 12; Ch. 24: Oceans).'*! Acidifying changes in ocean chemistry have potentially
widespread impacts on the marine food web, including commercially important species.

Box 2. Ocean Acidification in Alaska

Ocean waters globally have become 30% more acidic due to absorption of large amounts of
human-produced carbon dioxide (CO;) from the atmosphere. This CO, interacts with ocean
water to form carbonic acid that lowers the ocean’s pH (ocean acidification). The polar ocean is
particularly prone to acidification because of low temperature**** and low salt content, the
latter resulting from the large fresh water input from melting sea ice** and large rivers. Acidity
reduces the capacity of key plankton species and shelled animals to form and maintain shells and
other hard parts, and therefore alters the food available to important fish species.****** The rising
acidity will have particularly strong societal effects on the Bering Sea on Alaska’s west coast
because of its high productivity of commercial and subsistence fisheries.'**°

Shelled pteropods, which are tiny planktonic snails near the base of the food chain, respond
quickly to acidifying conditions and are an especially critical link in high-latitude food webs, as
commercially important species such as pink salmon depend heavily on them for food.**” A 10%
decrease in the population of pteropods could mean a 20% decrease in an adult pink salmon’s
body weight.'*® Pteropod consumption by juvenile pink salmon in the northern Gulf of Alaska
varied 45% between 1999 and 2001, although the reason for this variation is unknown.**

At some times of year, acidification has already reached a critical threshold for organisms living
on Alaska’s continental shelves.'® Certain algae and animals that form shells (such as clams,
oysters, and crab) use carbonate minerals (aragonite and calcite) that dissolve below that
threshold. These organisms form a crucial component of the marine food web that sustains life in
the rich waters off Alaska’s coasts. In addition, Alaska oyster farmers are now indirectly affected
by ocean acidification impacts farther south because they rely for oyster spat (attached oyster
larvae) on Puget Sound farmers who are now directly affected by the recent upwelling of acidic
waters along the Washington and Oregon coastline (Ch. 24: Oceans; Ch. 21: Northwest).*?!

Native Communities

The cumulative effects of climate change in Alaska strongly affect Native communities,
which are highly vulnerable to these rapid changes but have a deep cultural history of
adapting to change.

With the exception of oil-producing regions in the north, rural Alaska is one of the most
extensive areas of poverty in the U.S. in terms of household income, yet residents pay the highest
prices for food and fuel.'#? Alaska Native Peoples, who are the most numerous residents of this
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region, depend economically, nutritionally, and culturally on hunting and fishing for their
livelihoods.'?**2#1% Hunters speak of thinning sea and river ice that makes harvest of wild foods
more dangerous,® changes to permafrost that alter spring run-off patterns, a northward shift in
seal and fish species, and rising sea levels with more extreme tidal fluctuations (see Ch. 12:
Indigenous Peoples).*?"?® Responses to these changes are often constrained by regulations.
Coastal erosion is destroying infrastructure. Impacts of climate change on river ice dynamics and
spring flooding are threats to river communities but are complex, and trends have not yet been
well documented.*?®

76,128

Alaska Coastal Communities Damaged

Figure 22.8: Alaska Coastal Communities Damaged

Caption: One effect of the reduction in Alaska sea ice is that storm surges that used to be
buffered by the ice are now causing more shoreline damage. Photos show infrastructure
damage from coastal erosion in Tuntutuliak (left) and Shishmaref, Alaska (right). (Photo
credits: (left) Alaska Department of Environmental Conservation; (right) Ned Rozell).

Major food sources are under stress due to many factors, including lack of sea ice for marine
mammals.**® Thawing of near-surface permafrost beneath lakes and ponds that provide drinking
water cause food and water security challenges for villages. Sanitation and health problems also
result from deteriorating water and sewage systems, and ice cellars traditionally used for storing
food are thawing (See also Ch. 12: Indigenous Peoples).”*’” Warming also releases human-
caused pollutants, such as poleward-transported mercury and organic pesticides, from thawing
permafrost and brings new diseases to arctic plants and animals, including subsistence food
species, posing new health challenges, especially to rural communities.**! Positive health effects
of warming include a longer growing season for gardening and agriculture.’*2

Development activities in the Arctic (for example, oil and gas, minerals, tourism, and shipping)
are of concern to indigenous communities, from both perceived threats and anticipated
benefits.'?® Greater levels of industrial activity might alter the distribution of species, disrupt
subsistence activities, increase the risk of oil spills, and create various social impacts. At the

same time, development provides economic opportunities, if it can be harnessed appropriately.*
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Alaska Native Elders say, “We must prepare to adapt.” However, the implications of this
simple instruction are multi-faceted. Adapting means more than adjusting hunting
technologies and foods eaten. It requires learning how to garner information from a rapidly
changing environment. Permanent infrastructure and specified property rights increasingly
constrain people’s ability to safely use their environment for subsistence and other
activities. Traditional knowledge now facilitates adaptation to climate change as a
framework for linking new local observations with western science.*?**** The capacity of
Alaska Natives to survive for centuries in the harshest of conditions reflects their
resilience.”® Communities must rely not only on improved knowledge of changes that are
occurring, but also on support from traditional and other institutions — and on strength from
within — in order to face an uncertain future.'?®
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Traceable Accounts

Chapter 22: Alaska

Key Message Process: A central component of the assessment process was the Alaska Regional Climate assessment
workshop that was held September 12-15, 2012 in Anchorage with approximately 20 attendees; it began the process
leading to a foundational Technical Input Report (TIR).® The report consists of 148 pages of text, 45 figures, 8
tables, and 27 pages of references. Public and private citizens or institutions were consulted and engaged in its
preparation and expert review by the various agencies and non-governmental organizations (NGOs) represented by
the 11-member TIR writing team. The key findings of the report were presented at the Alaska Forum on the
Environment and in a regularly scheduled, monthly webinar by the Alaska Center for Climate Assessment & Policy,
with feedback then incorporated into the report.

The chapter author team engaged in multiple technical discussions via regular teleconferences. These included
careful expert review of the foundational TIR® and of approximately 85 additional technical inputs provided by the
public, as well as the other published literature, and professional judgment. These discussions were followed by
expert deliberation of draft key messages by the writing team in a face-to-face meeting before each key message was
selected for inclusion in the Report. These discussions were supported by targeted consultation with additional
experts by the lead author of each message, and they were based on criteria that help define “key vulnerabilities”
(Ch. 26: Decision Support).

Key message #1/5 Arctic summer sea ice is receding faster than previously projected and is
expected to virtually disappear before mid-century. This is altering marine
ecosystems and leading to greater ship access, offshore development
opportunity, and increased community vulnerability to coastal erosion.

Description of The key message and supporting chapter text summarize extensive evidence
evidence base documented in the Alaska TIR.? Technical input reports (85) on a wide range of
topics were also received and reviewed as part of the Federal Register Notice
solicitation for public input.

Although various models differ in the projected rate of sea ice loss, more recent
CMIP5 models™® that most accurately reconstruct historical sea ice loss project that
late-summer sea ice will virtually disappear by the 2030s, leaving only remnant sea
ice.

Evidence is strong about the impacts of sea ice loss.’ Because the sea ice cover
plays such a strong role in human activities and Arctic ecosystems, loss of the ice
cover is nearly certain to have substantial impacts.*®

New information Important new evidence confirmed many of the findings from a prior Alaska
and remaining assessment (http://nca2009.globalchange.gov/alaska), which informed the prior
uncertainties NCA.**

Evidence from improved models (for example,*®) and updated observational data

from satellite, especially new results, clearly show rapid decline in not only extent
but also mass and thickness of multi-year ice,*” information that was not available
in prior assessments.

Nearly all studies to date published in the peer-reviewed literature agree that
summer Arctic sea ice extent is rapidly declining and that, if heat-trapping gas
concentrations continue to rise, an essentially ice-free summer Arctic ocean will be
realized before mid-century. However, there remains uncertainty in the rate of sea
ice loss, with the models that most accurately project historical sea ice trends
currently suggesting nearly ice-free conditions sometime between 2021 and 2043
(median 2035)."° Uncertainty across all models stems from a combination of large
differences in projections among different climate models, natural climate
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variability, and uncertainty about future rates of fossil fuel emissions.

Ecosystems:

There is substantial new information that ocean acidification, rising ocean
temperatures, declining sea ice, and other environmental changes are affecting the
location and abundance of marine fish, including those that are commercially
important, those used as food by other species, and those used for subsistence.
However, the relative importance of these potential causes of change is highly
uncertain.

100,101

Regarding offshore oil and gas development, a key uncertainty is the price of fossil
fuels. Viable avenues to improving the information base are determining the
primary causes of variation among different climate models and determining which
climate models exhibit the best ability to reproduce the observed rate of sea ice
loss.

Coastal erosion:

There is new information that lack of sea ice causes storms to produce larger waves
and more coastal erosion.’ An additional contributing factor is that coastal bluffs
that were “cemented” by permafrost are beginning to thaw in response to warmer
air and ocean waters, and are therefore more vulnerable to erosion.* Standard
defensive adaptation strategies to protect coastal communities from erosion such as
use of rock walls, sandbags, and rip-rap have been largely unsuccessful.*® There
remains considerable uncertainty, however, about the spatial patterns of future
coastal erosion.

Assessment of
confidence based

Given the evidence base and remaining uncertainties:

Very high confidence for summer sea ice decline. High confidence for summer sea

on evidence S . .
ice disappearing by mid-century.
Very high confidence for altered marine ecosystems, greater ship access, and
increased vulnerability of communities to coastal erosion.
High confidence regarding offshore development opportunity.
CONFIDENCE LEVEL
Very High High Medium Low

Strong evidence (established
theory, multiple sources,
consistent results, well
documented and accepted
methods, etc.), high consensus

Moderate evidence (several
sources, some consistency,
methods vary and/or
documentation limited, etc.),
medium consensus

Suggestive evidence (a few
sources, limited consistency,
models incomplete, methods
emerging, etc.), competing
schools of thought

Inconclusive evidence (limited
sources, extrapolations,
inconsistent findings, poor
documentation and/or methods
not tested, etc.), disagreement
or lack of opinions among
experts
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Chapter 22: Alaska

Key Message Process: See key message #1.

Key message #2/5 Most glaciers in Alaska and British Columbia are shrinking substantially. This
trend is expected to continue and has implications for hydropower production,
ocean circulation patterns, fisheries, and global sea level rise.

Description of The key message and supporting chapter text summarize extensive evidence
evidence base documented in the Alaska Technical Input Report.? Technical input reports (85) on
a wide range of topics were also received and reviewed as part of the Federal
Register Notice solicitation for public input.

Evidence that glaciers in Alaska and British Columbia are shrinking is strong and is
based on field studies,> energy balance models,® LIDAR remote sensing,”*>* and
satellite data, especially new lines of evidence from the Gravity Recovery and
Climate Experiment (GRACE) satellite.*”*"**

Evidence is also strong that Alaska ice mass loss contributes to global sea level
rise,*” with latest results permitting quantitative evaluation of losses globally.*

Numerous peer-reviewed publications describe implications of recent increases, but
likely longer-term declines, in water input from glacial rivers to reservoirs and
therefore hydropower resources. %%

Glacial rivers account for 47% of the fresh water input to the Gulf of Alaska® and
are an important source of organic carbon,** phosphorus,®* and iron® that
contribute to the high productivity of near-shore fisheries.*®®® Therefore, it is
projected that the changes in discharge of glacial rivers will affect ocean circulation
patterns and major U.S. and locally significant fisheries.

New information Important new evidence confirmed many of the findings from a prior Alaska
and remaining assessment (http://nca2009.globalchange.gov/alaska), which informed the prior
uncertainties NCA.'®

As noted above, major advances from GRACE and other datasets now permit
analyses of glacier mass loss that were not possible previously.

Key uncertainties remain related to large year-to-year variation, the spatial
distribution of snow accumulation and melt, and the quantification of glacier
calving into the ocean and lakes. Although most large glaciated areas of the state
are regularly measured observationally, extrapolation to unmeasured areas carries
uncertainties due to large spatial variability.

Although there is broad agreement that near-shore circulation in the Gulf of Alaska
is influenced by the magnitude of freshwater inputs, little is known about the
mechanisms by which near-term increases and subsequent longer-term decreases in
glacier runoff (as the glaciers disappear) will affect the structure of the Alaska
Coastal Current and smaller-scale ocean circulation, both of which have feedback
on fisheries.

The magnitude and timing of effects on hydropower production depend on changes
in glacial mass, as described above.

Assessment of High confidence that glacier mass loss in Alaska and British Columbia is high,
confidence based contributing 20% to 30% as much to sea level rise as does shrinkage of the
on evidence Greenland Ice Sheet.

High confidence that due to glacier mass loss there will be related impacts on
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hydropower production, ocean circulation, fisheries, and global sea level rise.

CONFIDENCE LEVEL

Very High

High

Medium

Low

Strong evidence (established
theory, multiple sources,
consistent results, well
documented and accepted
methods, etc.), high consensus

Moderate evidence (several
sources, some consistency,
methods vary and/or
documentation limited, etc.),
medium consensus

Suggestive evidence (a few
sources, limited consistency,
models incomplete, methods
emerging, etc.), competing
schools of thought

Inconclusive evidence (limited
sources, extrapolations,
inconsistent findings, poor
documentation and/or methods
not tested, etc.), disagreement
or lack of opinions among
experts
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Chapter 22: Alaska

Key Message Process: See key message #1.

Key message #3/5 | Permafrost temperatures in Alaska are rising, a thawing trend that is expected
to continue, causing multiple vulnerabilities through drier landscapes, more
wildfire, altered wildlife habitat, increased cost of maintaining infrastructure,
and the release of heat-trapping gases that increase climate warming.

Description of The key message and supporting chapter text summarize extensive evidence
evidence base documented in the Alaska Technical Input Report.? Technical input reports (85) on a
wide range of topics were also received and reviewed as part of the Federal Register
Notice solicitation for public input.

Previous evidence that permafrost is warming® has been confirmed and enhanced by
more recent studies.®® The most recent modeling efforts (for example,”®’?) extend
earlier results™ and project that permafrost will be lost from the upper few meters
from large parts of Alaska by the end of this century.

Evidence that permafrost thaw leads to drier landscapes®®" is beginning to

accumulate, especially as improved remote sensing tools are applied to assess more
remote regions.”

Satellite data has expanded the capacity to monitor wildfire across the region,
providing additional evidence of wildfire extent.®* This new evidence has led to
increased study that is beginning to reveal impacts on ecosystems and wildlife habitat,
but much more work is needed to understand the extent of natural resilience.

Impacts of permafrost thaw on the maintenance of infrastructure'®’>"*" js currently

moderate but rapidly accumulating. Evidence that permafrost thaw will jeopardize

efforts to offset fossil fuel emissions is suggestive (Ch. 2: Our Changing Climate).%**°

New information | Important new evidence confirmed many of the findings from a prior Alaska
and remaining assessment (http://nca2009.globalchange.gov/alaska), which informed the prior
uncertainties NCA.'*

This evidence included results from improved models and updated observational data.
The assessment included insights from stakeholders collected in a series of distributed
engagement meetings that confirm the relevance and significance of the key message

for local decision-makers.

Key uncertainties involve: 1) the degree to which increases in evapotranspiration
versus permafrost thaw are leading to drier landscapes; 2) the degree to which it is
these drier landscapes associated with permafrost thaw, versus more severe fire
weather associated with climate change, that is leading to more wildfire; 3) the degree
to which the costs of the maintenance of infrastructure are associated with permafrost
thaw caused by climate change versus disturbance of permafrost due to other human
activities; and 4) the degree to which climate change is causing Alaska to be a sink
versus a source of greenhouse gases to the atmosphere.

Assessment of Very high confidence that permafrost is warming.
confidence based

- High confidence that landscapes in interior Alaska are getting drier, although the
on evidence

relative importance of different mechanisms is not completely clear.

Medium confidence that thawing permafrost results in more wildfires. There is high
confidence that wildfires have been increasing in recent decades, even if it is not clear
whether permafrost thaw or hotter and drier weather is more important.

High confidence that climate change will lead to increased maintenance costs in
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future decades. Low confidence that climate change has led to increased maintenance
costs of infrastructure in recent decades.

Very high confidence that ecological changes will cause Alaska to become a source

of greenhouse gases to the atmosphere, even though evidence that Alaska is currently
a carbon source is only suggestive.

CONFIDENCE LEVEL

Very High

High

Medium

Low

Strong evidence (established
theory, multiple sources,
consistent results, well
documented and accepted
methods, etc.), high consensus

Moderate evidence (several
sources, some consistency,
methods vary and/or
documentation limited, etc.),
medium consensus

Suggestive evidence (a few
sources, limited consistency,
models incomplete, methods
emerging, etc.), competing
schools of thought

Inconclusive evidence (limited
sources, extrapolations,
inconsistent findings, poor
documentation and/or methods
not tested, etc.), disagreement
or lack of opinions among
experts
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Chapter 22: Alaska

Key Message Process: See key message #1.

Key message #4/5 Current and projected increases in Alaska’s ocean temperatures and changes
in ocean chemistry are expected to alter the distribution and productivity of
Alaska’s marine fisheries, which lead the U.S. in commercial value.

Description of The key message and supporting chapter text summarize extensive evidence
evidence base documented in the Alaska Technical Input Report.? Technical input reports (85) on
a wide range of topics were also received and reviewed as part of the Federal
Register Notice solicitation for public input.

Numerous peer-reviewed publications describe evidence that ocean temperatures
are rising and ocean chemistry, especially pH, is changing.” New observational data
from buoys and ships document increasing acidity and aragonite under-saturation
(that is, the tendency of calcite and aragonite in shells to dissolve) in Alaskan
coastal waters.

Accumulating strong evidence suggests that these changes in ocean temperature
and chemistry, including pH, will likely affect major Alaska marine fisheries,
although the relative importance of these changes and the exact nature of response
of each fishery are uncertain.'* 0%

Alaska’s commercial fisheries account for roughly 50 percent of the United States’
total wild landings. Alaska led all states in both volume and ex-vessel value of
commercial fisheries landings in 2009, with a total of 1.84 million metric tons (MT)
worth 1.3 billion dollars.*

New information Important new evidence confirmed many of the findings from a prior Alaska
and remaining assessment (http://nca2009.globalchange.gov/alaska), which informed the prior
uncertainties NCA.*

The new evidence included results from improved models and updated
observational data. The assessment included insights from stakeholders collected in
a series of distributed engagement meetings that confirm the relevance and
significance of the key message for local decision-makers.

A key uncertainty is what the actual impacts of rising temperatures and changing
ocean chemistry, including increase in ocean acidification, will be on a broad range
of marine biota and ecosystems. More monitoring is needed to document the extent
and location of changes. Additional research is needed to assess how those changes
will affect productivity of key fishery resources and their food and prey base.

Assessment of Given the evidence base and remaining uncertainties:
confidence based . . . . .
on evidence High confidence of increased ocean temperatures and changes in chemistry.

Medium confidence that fisheries will be impacted.
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CONFIDENCE LEVEL

Very High

High

Medium

Low

Strong evidence (established
theory, multiple sources,
consistent results, well
documented and accepted
methods, etc.), high consensus

Moderate evidence (several
sources, some consistency,
methods vary and/or
documentation limited, etc.),
medium consensus

Suggestive evidence (a few
sources, limited consistency,
models incomplete, methods
emerging, etc.), competing
schools of thought

Inconclusive evidence (limited
sources, extrapolations,
inconsistent findings, poor
documentation and/or methods
not tested, etc.), disagreement
or lack of opinions among
experts
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Chapter 22: Alaska

Key Message Process: See key message #1.

Key message #5/5 The cumulative effects of climate change in Alaska strongly affect Native
communities, which are highly vulnerable to these rapid changes but have a
deep cultural history of adapting to change.

Description of The key message and supporting chapter text summarize extensive evidence
evidence base documented in the Alaska Technical Input Report.? Technical input reports (85) on
a wide range of topics were also received and reviewed as part of the Federal
Register Notice solicitation for public input.

Evidence exists in recorded local observational accounts as well as in the peer
reviewed scientific literature of the cumulative effects of climate-related
environmental change on Native communities in Alaska; these effects combine
with other socio-economic stressors to strain rural Native communities (Ch. 12:
Indigenous Peoples).'?**#*1%130 |ncreasing attention to impacts of climate change is
revealing new aspects, such as impacts to health and hunter safety (for example,
7133 There is also strong evidence for the cultural adaptive capacity of these
communities and peoples over time, %2913

New information Important new evidence confirmed many of the findings from a prior Alaska
and remaining assessment (http://nca2009.globalchange.gov/alaska), which informed the prior
uncertainties NCA.**

The precise mechanisms by which climate change affects Native communities are
poorly understood, especially in the context of rapid social, economic, and cultural
change. Present day responses to environmental change are poorly documented.
More research is needed on the ways that Alaska Natives respond to current
biophysical climate change and to the factors that enable or constrain contemporary
adaptation.

Alaska Native communities are already being affected by climate-induced changes
in the physical and biological environment, from coastal erosion threatening the
existence of some communities, to alterations in hunting, fishing, and gathering
practices that undermine the intergenerational transfer of culture, skill, and wisdom.
At the same time, these communities have a long record of adaptation and
flexibility. Whether such adaptability is sufficient to address the challenges of
climate change depends both on the speed of climate-induced changes and on the
degree to which Native communities are supported rather than constrained in the
adaptive measures they need to make.?®

Assessment of There is high confidence that cumulative effects of climate change in Alaska
confidence based strongly affect Native communities, which are highly vulnerable to these rapid
on evidence changes but have a deep cultural history of adapting to change.
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CONFIDENCE LEVEL

Very High

High

Medium

Low

Strong evidence (established
theory, multiple sources,
consistent results, well
documented and accepted
methods, etc.), high consensus

Moderate evidence (several
sources, some consistency,
methods vary and/or
documentation limited, etc.),
medium consensus

Suggestive evidence (a few
sources, limited consistency,
models incomplete, methods
emerging, etc.), competing
schools of thought

Inconclusive evidence (limited
sources, extrapolations,
inconsistent findings, poor
documentation and/or methods
not tested, etc.), disagreement
or lack of opinions among
experts
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