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How do you tell if someone is not well? You take the person’s

temperature. If it is too warm, something is not quite right. We care

about how the weather and climate are changing in Alaska’s national

parks, so we continuously take their temperatures. We have dozens

of weather stations in remote locations in the northern Alaska parks

that run continuously, powered by the sun. Over the past several

years, we found that the air and ground temperatures have been

warmer than normal. Plants, animals, and people get used to living

in their environments. They thrive within an expected temperature

range. Things get out ofwhackwhen the environment that organisms

are accustomed to changes. In northern Alaska, warming of just a

few degrees can cause ice to melt and formerly frozen ground to

thaw. Once the ground thaws, the ice changes to water and the

landscape changes.

WEATHER AND CLIMATE, WHAT IS THE DIFFERENCE?

We want to know how changes in air temperature impact Alaska’s
national parks. Alaska’s parks are large, and they span several di�erent
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Figure 1

Figure 1

Alaska is a large
state with large national
parks! We took a close
look at temperatures in
the northern Alaska
parks, including the
parks in the Arctic and
in central Alaska (the
parks in light green).

climate zones. When we refer to climate, we are talking about the

CLIMATE ZONES

Geographical regions
based on average
temperature and
average rainfall.

CLIMATE

The general weather
conditions found in a
particular place.

average weather over a long period of time, generally 30 years. To put
it in more practical terms, the clothes you decided to wear today are
based on the current weather. The clothes you have in your closet

WEATHER

The state of the
atmosphere at a place
and time with respect
to heat or cold,
wetness or dryness,
calm or storm,
clearness or cloudiness.

(sweaters, boots) are based on the climate that you live in. The climate
varies depending on where you are on Earth. The closer to the north
or south pole you get, the less warmth you get from the sun because
it is low in the sky. In the middle of the winter near the poles, the sun
does not rise at all! As a result, the average temperatures generally
get colder as you move away from the Equator. The Alaskan parks we
studied are all above 60◦ north latitude and some are even north of
the Arctic Circle, at 66◦ north latitude (Figure 1). Up here, summers are
short, winters are long and cold, and snow blankets the ground for
more than 6 months of the year.

OCEANS HOLD THE HEAT

Ocean temperatures are also cooler near the poles. Alaska is a big
state surrounded by water, with the Pacific Ocean to the south and
the Arctic Ocean to the north. Several of our parks are along the coast
and are influenced by ocean temperatures. During the winter months,
the Arctic Ocean freezes, and the sea ice keeps nearby lands cool.
Along the southern coast of Alaska, the Pacific Ocean remains ice free.
This moderates the cold winter months and keeps the temperature of
nearby lands warmer.
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THE LANDOF SNOWAND ICE

Snow, ice, and frozen ground define these parks. A temperature
increase of a few degrees means that snow and ice start to melt.
Alaska and other high-latitude environments are undergoing rapid
change due to warming temperatures [1]. Alaska’s four warmest years
on record all occurred between 2014 and 2019. During this period,
the ocean temperatures surrounding Alaska were much warmer than
normal. This meant that the ice froze later, melted earlier, and was
thinner when it was present [2]. Remember that the ice keeps things
cool, so when there is no ice, air temperatures are much warmer.
Alaska national parks are feeling the heat more than other national
parks in the USA [3].

Much of the Arctic has permafrost, which is ground that is frozen
ARCTIC

The northern most
region of the Earth
known for its extreme
cold climate. An
important feature is
permanently frozen
ground and seasonally
varying snow and
ice cover.

PERMAFROST

A combination of soil,
rocks, and sand that is
held together by ice.
The soil and ice in
permafrost stay frozen
all year long.

year-round. One of the telltale signs of warming in the Arctic
is slumping and oozing ground from thawing permafrost. People
have lived in these northern lands for thousands of years. Entire
communities are built on frozen ground. As the ground begins to
melt, houses and buildings start to sink and fall over. People here
hunt (caribou, moose, seals, and whales) and fish (salmon and crab)
for food. They use snowmobiles to travel across frozen rivers and the
frozen ocean. Without ice, it becomes harder and more dangerous to
find food. Everything they hunt for and the way they hunt is based on
a cold Arctic.

HOWCANWEMEASURE CLIMATE CHANGE?

We have weather stations in the Alaska national parks that record data
year-round. By collecting data every day, we can figure out the average
temperature for the whole year. If we keep collecting data year after
year, we can track changes in air temperature, ground temperature,
and snow depth over time. It is impossible to have enough weather
stations to measure the temperature at every location. So, we have
computer models that use math to estimate temperatures where
we cannot measure them. The models suggest that the ground
temperature is very close to freezing in large portions of the northern
Alaska parks [4]. Because the temperatures of the air and the ground
are related, we know that warming air temperatures mean the ground
is also warming.

But there is another important element to consider—snow! Snow is on
the ground for more than half of the year in these parks. By measuring
snow depth, we can figure out when the snow arrives in the fall, when
it melts in the spring, and how much is on the ground throughout the
snow season.
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Figure 2

Figure 2

Warming temperatures
in northern Alaska
national parks over the
past 70 years. Notice
the cooler period up
until the mid-1970s
(red line 1), a shift to a
warmer period (line 2),
and the most recent
increase to the
warmest temperatures
(line 3). The recent 2◦C
of warming puts the
temperature of the
northern Alaska parks
closer to 0C or 32◦F,
the temperature at
which snow or ice
change to water. AIR TEMPERATURES AREWARMING

We found that recent air temperatures in and around the parks are
the warmest on record. By looking at the average yearly temperatures
over the past 70 years, we can see how much warmer it is now
compared to the climate of the past (Figure 2). The average annual
temperature in the earlier decades was about −5◦C (24◦F). Then there
was a shift to warmer temperatures in the mid-1970s. Over the next
four decades, the average temperature was stable and averaged about
−3◦C (26◦F). That is still cold enough to keep things frozen. But, in
2014, air temperatures increased again by 2◦C! This was not a gradual
warming, but another sudden upward shift. The average temperature
in recent years was about −1◦C (30◦F), much warmer than it has been
in the last 70 years [5]. The temperature increase was not the same in
every park. The Arctic parks warmed by almost twice as much as the
central Alaska parks.

WARM AIR, WARMGROUND

We found that the central Alaska parks have already started to thaw,
even though they have not warmed as much. This is because these
parks were warmer to begin with. The permafrost in those parks is
relatively warm and already on the edge of thawing. So, when the
temperature went up a few degrees, the ground started to melt. We
estimate that about one-third of the permafrost in the central parks is
thawing now.

The air temperatures in the Arctic parks near the coast warmed the
most. The sea ice formed later in the fall and melted earlier in the
spring, and the open ocean kept these parkswarmer than normal. Even
though the ground is colder in the Arctic parks, during this recentwarm
period some soils rose above the freezing point and started to thaw.
At some Arctic weather stations near the coast, permafrost began
to thaw. We predict that about half of the permafrost on park lands
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Figure 3

Figure 3

(A) Tebay weather
station in Wrangell-St.
Elias National Park (in
central Alaska) under a
deep blanket of snow,
and (B) Pamichtuk
weather station in
Gates of the Arctic
National Park (an Arctic
park) with very little
snow. Thanks to the
thick, insulating snow
layer, warmer winter
temperatures at Tebay
did not a�ect the
ground temperature
nearly as much as they
did at Pamichtuk.

near the coast are vulnerable to thawing. This has never happened in
modern history.

SNOWMATTERS

Snow covers the ground throughout the winter months and can help
insulate it. Where the blanket of snow is deep, the frozen permafrost
is protected from warmer winter air. When there is not any snow,
the warmer air can warm the ground and cause the permafrost to
thaw. This is a slow process that occurs over years and decades.
But snow is an important consideration for permafrost stability in a
warming climate.

In general, the Arctic parks receive less snow than the central Alaska
parks. Also, a lot of snow in the Arctic is blown away by wind. Figure 3
shows a typical mid-winter scene at a central Alaska park and an Arctic
park weather station. Since winter air temperatures were warmer and
the ground did not have much snow insulation, the ground warmed
the same amount as the air in the Arctic parks. By comparison, the
ground warmed by only half as much as the air temperatures in the
central Alaska parks, where there was more snow.

TWODEGREES MATTERS

Two degrees of warming means that things have started to melt. The
recent warming is particularly troubling in the Alaska national parks
where snow and ice are the main features of the landscape. As the
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permafrost thaws, the ground sinks, trees tip over, and newponds form
as the ice in the soil melts. Roads get bumpier, and they can be blocked
by landslides. More trees and shrubs will grow, and the animals that
eat them, like moose and beavers, will become more common. But
the Arctic wildlife that has adapted to the cold and snowy climate will
not do as well. If the snow arrives later, animals like the snowshoe
hare, which turns white to blend in with the snow, will stand out
against the bare ground. The snow provides a winter habitat for small
animals like Arctic ground squirrels. It also keeps larger animals like
bears toasty in their winter dens. Polar bears, like people, need sea ice
as a platform to hunt. As temperatures climb above freezing and ice
and snow melt, it will impact the entire system of plants, animals, and
people in northern Alaska.

Share this story with your friends and family. Let them know that a few
degrees of warming does matter. Also, tell them that there are things
all of us can do to help keep the temperatures of Alaska’s parks down.
Turn o� your computer when you are not using it. Flip the light switch
o� when you leave the room. Do not leave the faucet running while
you brush your teeth. Ride your bike or walk instead of asking your
parents for a ride. These are a few simple ways to conserve energy in
your everyday life, and they can help make a di�erence for the future
of Alaska’s parks.
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YOUNG REVIEWERS

ARIA, AGE: 9

I live next to Yellowstone. My dad is a scientist and my mom is a tour guide. We can

go into Yellowstone whenever we want!

MOAB CHARTER SCHOOL, AGES: 11–12

We are a unique human sixth grade class in Moab, Utah. We consist of seven students

with interests such as rocks, Minecraft, longboarding, cosplay, animals, and dirt

biking. Our favorite subjects aremath and science and we also like doing community

service projects. We enjoy living in and exploring the desert of southern Utah.
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