Warming amplification in the Arctic and its global impact The key to Arctic climate change is Arctic warming amplification (AA). AA leads to the change
in sea ice extent and then to the realization of the Arctic sea routes. It also affects the global climate, such as atmospheric circulation, cryosphere, and the carbon cycle.
Moreover, AA will alter marine chemical components and the living environment for plankton, and hence have impacts on the major fish species and fisheries. AA will also
influence the mid-latitude weather and climate, and bring cold and heavy snow to Japan in winter.
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Arctic Climate Change The Arctic, the fastest-warming place on

trial biological activity will alter the amount of atmospheric carbon
dioxide absorption by vegetation, and will affect global warming

led all aspects of the Arctic climate system. Comprehensive Arctic
research incorporating multidisciplinary work and collaborations
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What is happening now in the Arctic, under global warming?
In warming due to anthropogenic increases in carbon dioxide

and the warming of the ocean are expected to lead to changes not
only in the physical and chemical ocean environment, but also to
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Front cover: Meltwater stream over a glacier surface
darkened by glacier microorganisms in Greenland
(Photo by Shin Sugiyama, Hokkaido Univ.)
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Understanding the Arctic system for global climate and future change

Arctic change is advancing with
potential global influence.

Strategic Research Targets o Understanding the mechanism of warming amplification in the Arctic

Quantification of relative contribution to Arctic
warming amplification factors and their seasonality.
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The Arctic sea routes:
Feasible for sustainable use.
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The land and ocean in the Arctic have an
important role in the uptake of CO, from
the atmosphere, which has been demon-
strated by observations of atmospheric
CO: concentration. An increase in terres-
trial uptake for the most recent 10 years
was also suggested by the observed data.
Net uptake (or release) of CO, by the
land is a balance between net primary
production of vegetation and soil respira-
tion. It had been generally believed that
the productivity of vegetation in cold re-
gions such as the Arctic and sub-Arctic
increased with warming. However, tree
ring analyses for circum-arctic forest eco-
systems revealed that not all regions in the
Arctic and sub-Arctic show increases in
tree growth. Tree growth is decreasing in

by ecosystem model simulations, which
suggests that CO, uptake by the Arctic
may not continue in the future.

The GRENE-Arctic project has also
revealed that snow duration is getting
shorter and that reduction of sea ice ex-

tent may lead to extreme events such as
heavy snowfall in mid-latitude regions
due to changes in the atmospheric circu-
lation pattern. These may also affect the
Arctic and sub-Arctic ecosystems, result-
ing in changes in the CO; budget.

Atmospheric CO:
Land Ocean
CO: emission CO: uptake
from the soil by vegetation CO> CO:

By analyzing future climate change projection datasets simu-
lated by a number of climate models from the Coupled Model
Intercomparison Project Phase 5 (CMIP5), we quantify the role
of various factors contributing to the Arctic warming amplifica-
tion and clarify their seasonality.

Increases in surface air temperature over the Arctic regions
are smallest in summer but largest in winter. Over the Arctic
Ocean in summer, ice-albedo feedback due to sea ice retreat has
the largest tendency to warm the surface. However, the surface
warming is smallest because of the large heat uptake by the open
ocean. In autumn and winter, the heat stored in the Arctic Ocean
in summer is released into the atmosphere. Moreover, there are a
number of other factors that contribute to warming the surface:
strong vertical stability in the atmosphere traps warming close to
the surface; increased low-level clouds enhance the greenhouse
effect by trapping more longwave radiation; surface warming
sensitivity is larger in colder regions than in warmer regions due
to the effect of the Stefan-Boltzmann law; and so on. As a conse-

mer. Its additional heat warms the land surface, though part of
this enhances surface evaporation and reduces surface warming.
In winter, on the other hand, the land has no heat storage to re-
lease into the atmosphere. Therefore, the amplitude of seasonal
variation for surface warming is smaller over the Arctic land than
over the Arctic Ocean.

This study clarifies the seasonality and the relative contribu-
tions of various factors that were separately investigated, and also
provides a comprehensive understanding of the mechanism of
Arctic warming amplification.

Ice-albedo feedback:

As the temperature rises over the Arctic, snow and ice with high reflectance re-
treat, and the land and the ocean surfaces with low reflectance are exposed. The
absorption of sunlight then increases, leading to a further increase in tempera-
ture and hence to a further increase in snow and ice retreat.
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We have proposed empirical method to
estimate timing of disappearance of sea
ice, and proposed a simple model using
just sea ice motion to evaluate volume
transportation of upper ocean circulation,
so called “Beaufort Gyre”, that delivers the
heat into the central Arctic Ocean and af-
fects fate of sea ice. Analyses using in-situ
and satellite observation data have clarified
that volume transportation of the oceanic
Beaufort Gyre is determined by past sea
ice motion from about four years previ-
ously. We have also constructed methods
to derive the timing of the disappearance
of sea ice associated with rafting of sea

ice from satellite-derived high-accuracy
sea ice motion data. We also conducted a
study using a high-resolution numerical
Arctic Ocean model to reveal the struc-
ture of the heat transport system from the
Atlantic to the Arctic, and the impact of
meso-scale eddies on the advance/retreat
of sea ice cover.

Another important theme of ours is
seasonal-scale sea ice prediction, which
is necessary for a decision of whether
or not to take the Arctic route. We have
improved the statistical method of the
prediction using satellite remote-sensing
data. In 2015, our prediction provided a

2015/09/11

good forecast of the timing of summer
ice retreat and the spatial pattern of the
minimum ice cover. Our activity regard-
ing the Arctic sea route included many
other themes, such as the optimal routing
of ships, engineering studies on ship/ice
interaction, ship icing, economic evalua-
tions, and a proposal of scenarios for the
use of Arctic sea routes. With these mul-
tidisciplinary efforts, studies for realizing
the sustainable use of Arctic sea routes

have advanced greatly during the GRENE
Arctic Research Project.

some regions such as eastern Siberia, the
Alaska Interior, and Canada. Moreover,
soil respiration is expected to increase

End of 21st century

Present

quence, the largest surface warming occurs in winter. Over the
Arctic land, the ice-albedo feedback has a peak in the early sum-

The seasonal cycle of warming amplification over the Arctic Ocean and its contributing factors. The black line shows the seasonal cycle of temperature increases from the end
of the 20th century to the end of the 21st century averaged over the Arctic Ocean under the moderate warming scenario of RCP4.5. The contributions from the major factors
contributing to the Arctic amplification are shown by the colored lines (red, blue and green).

with temperature, which has been shown

Image of CO, exchange

in the Arctic

Snow sampling site near Denali National Park, Alaska

(Photo by Yoshimi Tsukagawa, National Institute of Polar Research)
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Trends of tree production
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Changes in snow cover duration during
the past 30 years. The red area indicates
shortening of the snow-covered period,
while the blue area indicates lengthen-
ing. There has been a significant reduc-
tion of snow cover duration in Europe.

Strategic Research Targets ea Evaluation of the impacts of Arctic change on weather and climate in Japan

Climate change in the Arctic brings
cold spells and snowstorms over Japan.

Arctic-mid-latitude climate linkage refers to possible impacts
of Arctic climate change on mid-latitude climate and weather,
which have recently been intensively studied. Severe weather in
the northern mid-latitudes is often associated with meandering
jet stream and the negative phase of the Arctic Oscillation (AO).
Both observations and model simulations provide evidence that
reductions in Arctic sea ice, or an increase in the Eurasian snow
cover, tend to cause a negative AO phase, which is often preceded
by weakening of the stratospheric polar vortex. This evidence hints
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Mechanism of the impacts of Arctic change on weather and climate in Japan

at a stratospheric involvement in the Arctic-mid-latitude climate
linkage. By artificially suppressing the stratospheric wave-mean
flow interactions in numerical experiments, tropospheric signals
of the Arctic-mid-latitude climate linkage can be significantly
reduced, and thus we confirm that the stratosphere plays a cru-
cial role in the Arctic-mid-latitude linkage. The results also im-
ply that realistic representations of both Arctic surface boundary
conditions and stratospheric processes are critical for improving
predictions of weather and climate in the mid-latitudes.
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Fallen tree by a snowstorm (Photo by Shuhei Takahashi, Okhotsk Sea Ice Museum of Hokkaido)

Strategic Research Targets eb Evaluation of the impacts of Arctic change on marine ecosystems and fisheries

Changes and shifts in the Arctic marine
ecosystem have been evident.

The Arctic Ocean has experienced significant warming, freshen-
ing, and ocean acidification mainly caused by rapid reduction
of sea ice. In the project Ecosystem Studies on the Arctic Ocean
with Declining Sea Ice (ECOARCS), we investigated the impact
of sea ice decreases on marine ecosystems. Our results show sev-
eral forms of scientific evidence for changes in the marine eco-
system: the dominance of larger phytoplankton due to faster sea
ice retreat in spring in the shelf region of the Arctic Ocean and
Bering Sea; and a northward shift in the geographic distribution
of the zooplankton community, benthos, fish, and marine mam-
mals. On the other hand, we found that the North Pacific species
of zooplankton transported into the Chukchi Sea (Arctic Ocean)
is unlikely to establish stable Arctic populations in the near fu-
ture due to large differences in geographic and life conditions.

Pelagic-Benthic scheme
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Currently, a bloom of phytoplankton at the ice edge in spring to
summer sinks down to the seafloor and becomes food for the
benthos (Pelagic-Benthic scheme, Figure below left). However,
warming due to faster sea ice retreat may increase the population
of zooplankton and fish, which feed on phytoplankton at the ice
edge (Pelagic-Pelagic scheme, Figure below right).

The Arctic region will warm more rapidly than the global
mean, and the resultant changes in Arctic environments could
serve as an indication of global climate change, and should ring
alarm bells not only for scientists, but also for the public. That
is why we need to continue to monitor Arctic environmental
changes and responses of marine ecosystems to assess how they
can or cannot adapt to these changes.
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Predicted (green line, forecasted at the end of May) and observed (white area) ice area

on September 11,2015

Icebreaker navigating the
thin ice area

(Photo by Kazutaka Tateyama, Kitami
Institute of Technology)
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An example of optimal routing based on the predicted sea ice thick-

ness on 24 October, 2011 with the prediction system for Arctic sea

routes




