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During the past several decades, our planet has warmed because
people have added a lot of greenhouse gases to the atmosphere. The
FRANCESCO warming in the polar regions (the Arctic, and parts of the Antarctic)
AGE: 10 has been much higher than in the rest of the world. Melting of
snow and ice, disappearing glaciers, and rising global sea levels
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GIOSUE are evidence of the strong warming occurring in the polar regions.

AGE:8 Various measurement techniques are used to discover how much

LER the temperature, as well as sea ice and snow cover, have changed

AGE: 10 in the polar regions. In this article, you will learn how shrinking ice
and snow, increasing clouds, and thinner ice help to warm the polar

MATTIA regions much more than other regions of the world.
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SOFIA
AGE: 9

VITTORIA
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SEA ICE

Ice that originates from
freezing of
ocean water.

ICE SHEET

A large body of ice that
originated from
compacted snowfall
accumulating on rocky
land over many years
(currently there are two
ice sheets—Greenland
and Antarctic).

PERMAFROST

Ground that stays
frozen throughout the
year, even in summer.

Figure 1

(A) Temperature
changes between two
periods: 2000—2009
compared with
1951-1980. Pink/red
colors show where
temperatures became
warmer, and blue
colors show where
temperatures became
colder. The entire
Arctic and the Antarctic
Peninsula have become
2°C warmer, which is
much warmer than
other regions (Image
credit: National
Aeronautics and Space
Administration). (B)
Shrinking summer sea
ice in the Arctic, as
measured from space
by the CryoSat-2
satellite (Image credit:
European Space
Agency and National
Snow and Ice Data
Center). Radar altimeter
is a sensor installed on
the CryoSat-2 satellite
measuring sea ice
thickness above the
water level (without the
sea ice draft, which is
below the water level).

Gorodetskaya et al. Polar Amplification

WHAT IS POLAR WARMING AMPLIFICATION?

Earth has two polar regions—the Arctic in the north, and the Antarctic
in the south. The Arctic is a vast ocean with large areas covered
by sea ice, even in summer. The Arctic also contains a huge island
covered by ice, called the Greenland ice sheet. Northern regions of
North America, Europe, and Asia also belong to the Arctic—they are
covered by a lot of snow in winter and have permafrost, which is the
permanently frozen ground. Antarctica is a huge ice sheet, which is
surrounded by the Southern Ocean. Although the two polar regions
have different characteristics, they have one thing in common: they
are both covered by snow and ice year-round, because they are very
cold. However, due to the recent warming of our planet, polar regions
are also warming (Figure 1A), and their snow and ice cover is shrinking
(Figure 1B). What is more, the Arctic and part of Antarctica have
warmed more rapidly and strongly than other regions of the Earth. This
phenomenon is called polar amplification.
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- - N
Temperature Anomaly ( ()
B) * colder  warmer
SHRINKING ICE CAPS
CryoSat-2
Radar altimeter

The Arctic sea ice cover reaches its minimum in September and
there is an area of ice that survives throughout summer
(perennial ice cover). There is much less summer ice now
compared to previous years.

Figure 1
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POLAR
AMPLIFICATION

Greater warming near
the poles compared to
the rest of the world in
response to global
climate change.
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WHY IS POLAR AMPLIFICATION IMPORTANT?

The consequences of warming in the polar regions can be devastating:
animals like polar bears lose their habitats; people living in those
regions cannot continue their traditional lifestyles; and land that was
frozen for thousands of years collapses, destroying buildings or roads
built on it. The melting of snow and ice in the polar regions also
has consequences around the world. For example, the melting of the
Greenland and Antarctic ice sheets causes large amounts of water
to flow into the ocean, which causes global sea levels to rise and
may flood many islands and low-lying coastal areas around the world.
Climate change in the polar regions also influences the rest of the
Earth’s weather. Thus, while someone may say that disappearing sea
ice brings benefits like easier access to the Arctic sea routes (shown
by the red line in Figure 1A), the bad consequences we listed above
outweigh any economic benefits. Scientists are concerned about all
these impacts, so they are investigating why the polar regions are
warming so quickly, how much they will continue to warm in the
near future, and what the local and global impacts of this warming
might be.

MEASURING POLAR AMPLIFICATION

How do we know that temperatures have been changing in the polar
regions? Scientists can measure the temperatures of the air, ocean,
snow, and ice in these regions (Figure 2). Some stations have been
measuring for more than 70 years, so we know how temperatures
have been changing every year, month, and day since then. These
stations need people to be present to take the measurements; but
recently, scientists have been using automatic weather stations that
need maintenance only once a year and thus can be installed at many
more locations [1]. Scientists also take a lot of measurements during
expeditions, when they study changes in the ocean, ice, snow, and
atmosphere simultaneously [2]. Since 1979, there have been scientific
satellites measuring Earth from space and giving a lot of information
about changes in the polar regions and across the globe (such as the
CryoSat-2 satellite shown in Figure 1B).

Long-term measurements show that temperatures in the polar regions
have increased at twice the global average. Since humans started
adding lots of greenhouse gases to the atmosphere at the end of
the 19th century, the Arctic and parts of the Antarctic Peninsula have
warmed on average by more than 2°C, while the global average
temperature increase has been 1°C. Large amounts of snow and ice
have also melted, and the air has become more humid and cloudier,
which has increased the amount of precipitation. It often rains instead
of snowing in the Arctic now.
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Figure 2

(A) Weather stations
where measurements
are recorded by
scientists living on-site
at one of the Arctic
stations (Image credit:
Russian
Hydrometeorological
Service). (B) Automatic
weather station
installed near Princess
Elisabeth station in East
Antarctica (Photograph
credit: Irina
Gorodetskaya). (C)
Measurements of the
atmosphere using a
weather balloon at the
Escudero station in
Antarctica (Photograph
credit: Penny Rowe and
Edgardo Sepulveda).
(D) Measurements of
ocean temperature and
salt content during the
Antarctic
Circumnavigation
Expedition (Photograph
credit: Irina
Gorodetskaya). (E)
Measuring the
temperature and
thickness of snow and
ice (Photograph credit:
Lianna Nixon) (F) A
laser measuring
changes in snow cover
(Photograph credit:
Esther Horvath).

FEEDBACK

A process that makes
an initial change (such
as a temperature
change) stronger
(positive feedback) or
weaker

(negative feedback).

ALBEDO

The amount of the
sun’s rays that are
reflected (and thus not
absorbed) by a surface
(ex. 10% albedo means
10% of the rays are
reflected and 90%

are absorbed).
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Figure 2

WHY ARE THE POLAR REGIONS WARMING FASTER AND
STRONGER? LOCAL FEEDBACK!

Several processes are responsible for making the warming in the polar
regions stronger than in other areas of the Earth. These are known
as feedback processes [3], and they are processes that increase or
decrease the original change (Figure 3). The processes that make
warming even stronger are called positive feedback. And “positive”
does not mean they are good! We will explain three of these positive
feedback processes in more detail.

Snow- and Ice-Albedo Feedback

The land and ocean in the polar regions can be covered in snow
and ice. Snow- and ice-albedo feedback describes the relationship
between the sun’s rays and the snow and ice covering a surface
(Figure 3A) [4]. The balance between the incoming sun rays and those
reflected from a surface is called albedo. This feedback only occurs
during daylight, so it cannot occur during the polar night—in winter,
when polar regions do not receive any sunlight. If the sun’s rays hit a
bright surface like snow or ice, most of the rays are reflected back to
the sky and are not taken up by the surface. This is called high albedo.
Snow- and ice-free surfaces in the polar regions are darker and reflect
fewer of the sun’s rays. Instead, these rays are stored by the surface,
which is known as low albedo.

So, as the polar air warms, snow and ice melt. Large parts of the ocean
and land surfaces that were once covered by snow and/or ice become
exposed and take up more sun rays. This warms the land surface
and ocean even more and leads to further melting of snow and ice.
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Figure 3

(TOP panel) Negative
and positive climate
feedback loops.
Positive feedback
speeds up warming,
while negative
feedback slows it down
(Image credit:
MetOffice, UK). (A)
Snow- and ice-albedo
feedback. (B) Cloud
feedback. (C) Ocean
feedback. In (A=C),
arrows represent the
movement of heat from
the ice/ocean/ground
surface to the air
above, and from the air
to the surface
(Photograph credits:
A1-A3, B2 Melanie
Lauer, B1 Vera
Schemann, C1 Amelie
Meyer, C2
northwestpassage2015.
blogspot.com, C3
Emma Francis.

POLAR NIGHT

The winter period in
the Arctic or Antarctic,
when the sun does not
rise and the night lasts
several months.
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Figure 3

This process will continue until all the snow and ice are gone from
a surface.

Cloud Feedback

As the atmosphere becomes warmer, many processes happen that
involve clouds—some lead to cooling and some to more warming. It is
very complicated, and there are still many things we do not understand
about these processes. Scientists measure clouds to understand their
behavior, and they work with computer models to create virtual
clouds, to study clouds’ role in the climate system. One process that
is being studied is called cloud feedback [2].
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Clouds are made from little water droplets and/or ice crystals. Like ice
and snow on the ground, clouds also have a high albedo and therefore
reflect a large part of the sun’s energy. However, in the polar regions,
the sun does not shine during the polar night. During this time, the
clouds block the energy emitted by the Earth’s surface and send it back
down, trapping it between the surface and the clouds. This energy
warms the air (Figure 3B).

Warmer air contains more water vapor due to evaporation from
the ocean, so it helps to form even more clouds...which increase
the temperature even more. You can see that this is a positive
feedback loop.

Ocean Feedback

Ocean feedback means that the ocean increases the warming of the
air near the ocean surface [5], and this also interacts with other types
of feedback (Figure 3C). First, because of increased ice/snow melting
during the summer, the Arctic Ocean and land absorb more solar
energy due to the snow- and ice-albedo feedback. Clouds warm the
surface further, especially during the long polar winter, melting the ice
and snow even more via cloud feedback. Scientists also found that
global warming is causing increased inflow of warmer Atlantic water
into the Arctic. All these processes warm the Arctic Ocean and melt
sea ice, making it thinner and less abundant in winter. This is when
ocean feedback starts to play a role: in winter, the Arctic Ocean is
much warmer than the air above it, especially as the ocean continues
to warm due to global warming. When there is less ice or thinner ice,
the ocean can give more heat to the air, warming it even more. This is
another positive feedback loop!

SUMMARY

During the past few decades, the entire Arctic region and parts of
the Antarctic have warmed more than the rest of the world has. We
know this thanks to long-term measurements and expeditions. This
phenomenon is known as polar amplification, and it occurs because of
various feedback processes, such as snow- and ice-albedo feedback,
cloud feedback, and ocean feedback. Computer models of the climate
system show that warming will continue in the future, with Arctic sea
ice disappearing completely in summer over the next 20-30 years.
Disappearing Arctic sea ice in summer harms indigenous people, as
well as animals depending onice and fragile ecosystems, while melting
ice sheets raise global sea level. Although the current situation is dire,
if all the countries of the world do their part by reducing greenhouse
gas emissions, we can still slow down this warming and possibly even
bring Arctic sea ice back!
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YOUNG REVIEWERS

FRANCESCO, AGE: 10

Francesco is 10 years old and lives in Italy. He loves playing piano and devotes every
spare moment to it. His favorite sport is basketball. As a book eater, he reads every
night in bed for at least 1 hour. He also really likes Pokemon cards and has a nice
collection. He loves nature and animals. He also likes fishing—then letting the fish
free in water again. Among his favorite things are also drawing and cooking.

GIOSUE, AGE: 8

My name is Giosuge, | am eight and a half years old, | live in San Cesareo with my
parents and my younger brother Leonardo who is almost 5 years old. | really like
playing football and my role is the goalkeeper. Since last year | am at my new school
and it helped me discover that | definitely like school. We have fun, laugh, run and
above all we are always outdoors. | also really like pokemon cards, biking, scooter,
overboard and skateboard.

LORYAN, AGE: 10
My name is Loryan and | am 10 years old. | live in Roma, | love football and music. |
am very interested in all what concerns climate, pollution and planet Earth.

MATTIA, AGE: 8

Hil I am Mattia, | like to skateboard and to draw comic strips. | think that scientific
articles could be more interesting if they were written in cartoon bubbles. Maybe 1
day | will be a scientific cartoonist!
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MIRKO, AGE: 9
Mirko is 9 years old and lives in Roma. He loves playing soccer with friends. He likes
eating sushi very much and his favorite subject is history.

SOFIA, AGE: 9

Hi,  am Sofia, a young Italian girl and | am so curious!! | love my family and | love life!
| like nature and sports. | go to school and my favorite subject is math, | like studying,
but a little less than climbing trees. My favorite dish is my grandmother’'s meatballs
and | really like cooking with her. When | grow up | would like to be a horsewoman
or a violinist.

VITTORIA, AGE: 9

Vittoria is nine and a half years old, she likes drawing and painting, even writing and
reading. Her favorite saga is "Harry Potter” and she is currently reading the third book;
she has seen all the movies, and “The Hobbit” and “The Lord of the Rings.” She is
pretty good at doing impressions of Italian comedians as Teresa Mannino and Anna
Marchesini. Ah, she loves popcorn!
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