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As the Arctic changes, so does the world. What kind of future is waiting for us when all the Arctic sea ice disappears?

You too have perhaps heard “Someday there may be
ice-free in the Arctic.” Are you aware that this “someday”
might come sooner than expected? Satellite
observations started in 1979; they show that Arctic sea
ice has continued to decrease. What’s more, since about
2000 the Arctic sea ice has been disappearing even
faster than before. In the summer of 2012 sea ice
decreased to less than half the average area that it
covered in the 1980s. With the arrival of winter, once
again sea ice forms and covers the Arctic Ocean, but the
amount of sea ice is steadily decreasing. It is predicted
that if this situation remains unchanged, the Arctic will
be totally ice-free in the summer as early as about 2020.
The decrease of Arctic sea ice is attributed to the effects
of “global warming.” The Arctic is one of the regions that
are warming the most in the world. Although global
surface air-temperature is predicted to increase with an
average of 2–3°C, it is said that the surface
air-temperature in the Arctic will rise as much as 4–12°C.
In other words, warming in the Arctic will proceed more
than twice as fast as the global average. Such rapid

change will not only reduce sea ice, but also drive the
thawing of permafrost and meltings of glaciers and ice
sheets. Further, this is having impacts on not only the
Arctic Ocean and its surrounding region, but also on
oceans and countries around the world, including Japan.
Over the last few years Japan has experienced hard
winters, with many regions receiving heavy snowfall. It
has been found, in fact, that Japan’s heavy snows are
related to the decrease in the Arctic sea ice. This new
fact, that Japan receives heavy snowfall when Arctic sea
ice decreases, is becoming clear from research.
Change in the Arctic climate will probably impact on the
ecosystems of marine organisms living there. In fact,
changes occurring in the Arctic Ocean, where the effects
of global warming are quickly manifested, could at
some time occur in the world’s other oceans. In other
words, the path taken by the Arctic Ocean is thought to
show the path that other world oceans will follow; for
that reason, many people around the world are intently
watching changes in the Arctic.

Further, if the Arctic Ocean loses the sea ice that has
been dividing the Pacific and Atlantic oceans, a new
route for ships would be created that would conceivably
have a significant impact on societies, economies, and
our livelihoods. Arctic issues are no longer confined to
countries bordering the Arctic Ocean; so, we must think
of these issues as global, affecting the whole world.
It was under these circumstances that, in May 2013,
Japan was admitted to the Arctic Council as an observer.
The Japan Agency for Marine-Earth Science and
Technology (JAMSTEC), which had been conducting
Arctic research since the 1990s, established the Institute
of Arctic Climate and Environment Research (IACE) in
April 2015 to further expedite its Arctic research and to
broadly benefit international society. JAMSTEC uses its
observational expertise and data accumulated over
more than a quarter century, as well as its unique
facilities and equipment to carry out Arctic studies and
research in various fields including physics, chemistry,
and biology, while cooperating with researchers in
Japan and abroad. JAMSTEC is also making efforts to

develop observation instruments in a bid to accelerate
Arctic research.
“What happens when Arctic sea ice disappears?” “What
rules should we follow in using the ice-free Arctic
Ocean?” There are many problems we must examine
when considering the future of the Arctic, and of the
Earth. At the IACE we hope to make a contribution to
future society by collecting and providing “scientific
evidences” that will be useful in making decisions for
the Arctic and global issues, and providing these
evidences to the world.

Director, Institute of Arctic Climate and Environment Research(IACE)

Takeshi Kawano
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Finding the Current Status and
Trends of the Arctic Environmental Change
The Arctic Ocean used to be covered with sea ice
almost all of the year, so it was a “quiet ocean”. But
because of global warming there is now less ice and
the ocean is exposed to the atmosphere, allowing it to
be directly affected by the wind; consequently, the
Arctic Ocean is becoming an active ocean. Melting of
the sea ice is also associated with ocean warming,
freshening, and acidification, which is greatly
changing the environment. Additionally, because the
sun now shines directly on this formerly ice-covered
ocean, changes have begun to appear in the activities
of marine organisms. Such changes are not confined
to the ocean, for there are changes in snowfall in the
regions around the Arctic. Perhaps owing to the
decrease in the Arctic sea ice, snow now falls earlier in
the year than before. If land that has warmed in the
summer is covered with snow before it has cooled, the
snow acts as “blanket” and keeps heat in the ground.
This is believed to thaw the frozen ground known as
permafrost. It may sound a little strange to say that
“early snow accumulation warms the ground,” but this
is a real phenomenon.

trends of Arctic environmental changes, and for
assessing the impacts of Arctic changes on the global
climate system. Furthermore, for each phenomenon
occurring in the Arctic, it is important to determine the
processes which answer the question, “Why do these
things happen?”

As this shows, we can now find various rapid changes
of environments in the Arctic and its surrounding
regions. But what exactly is changing, and how much?
How fast are those changes occurring, and what
directions are they taking? At this time we do not have
enough data to quantitatively assess these changes.
As such, our goal at the Arctic Ocean and Climate
System Research Unit is to ascertain the status and

In recent years, reduction of the Arctic sea ice in
summer has enabled R/V Mirai to sail over an
expanded range. Because we can now study marine
areas that were previously covered by sea ice, there is
a greater possibility that we can obtain new data and
knowledge. These data will be used to understand the
Arctic’s current and future status and trends.

Arctic Ocean and Climate System Research Unit

We are conducting expeditions in the Arctic Ocean
using the research vessel (R/V) Mirai to measure ocean
and atmospheric conditions; collect samples of
seawater and sediments; and perform other tasks. We
are installing moored observation systems to collect
observation data year-round even in marine areas that
freeze over in the winter. Further, we are collecting
valuable data on land around the Arctic Ocean to
investigate changes of hydrological cycles,
underground temperatures, and other factors. We
believe these studies are indispensable for building
the foundation of Arctic research. Modeling
experiments using the Earth Simulator supercomputer
are also essential for a detailed understanding of the
current and future status and trends.

Research Unit Leader

Takashi Kikuchi
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How Advancing Acidification of the Arctic Ocean Affects Organisms
How are changes in the Arctic Ocean affecting marine
life? We are seeing greater activity by organisms in a
marine region that was formerly covered by ice for
almost the entire year. Because a larger marine region
is now ice-free in the summer, sunlight penetrates into
the ocean over a larger area, and phytoplankton are
able to actively photosynthesize there. Furthermore,
when the ice that isolates the ocean from the
atmosphere disappears, the ocean is directly affected
by the wind; ocean mixing, circulation, and other
processes are more active; and the nutrients that were
somewhat deep in the ocean are being transported to
the surface layer, where they enrich the production of
organisms. Arctic ocean changes are benefitting
marine life in a variety of ways. But how long will these
favorable effects last?
Although on the one hand there are marine areas
where organisms are more active, ocean acidification
is happening all over the world, but in the Arctic,
melting of the ice is diluting the concentration of
carbonate ions in seawater, making the Arctic Ocean
the fastest-acidifying ocean. Advancing acidification

Arctic Marine Ecosystem Research Unit

might affect the growth of plankton and juvenile
shellfish. It is likely that if their growth is inhibited, the
impacts will spread to zooplankton, which feed on
phytoplankton, and to fish, which feed on
zooplankton. There may also be impacts on people in
the fishing and marine products industry, and on our
diets, as fish will no longer be caught in some marine
areas but will reappear in others.
Despite ocean acidification, the oceans have originally
been weakly basic, so acid won’t dissolve shellfish
shells. Plankton and shellfish make their own skeletons
and shells with calcium carbonate. But higher
atmospheric CO2 leads to more CO2 dissolved in
seawater, and that CO2 reacts with water to produce
hydrogen ions. The oceans have a buffering system
that controls the increased hydrogen ions by
combining them with carbonate ions, becoming
bicarbonate ions. Calcium carbonate in organisms
dissolves to compensate for the decrease in carbonate
ions caused by the reaction with hydrogen ions. In
other words, it’s a matter of grave importance to
organisms whether seawater is rich in carbonate ions

Research Unit Leader

(saturated) or not (under saturated), because in under
saturated state there are not enough carbonate ions,
which are necessary for the growth of organisms.
Understanding the acidification happening in the
Arctic Ocean and its impacts on organisms and
ecosystems can help predict changes in other world
oceans.
To answer the question “How do global warming and
acidification affect zooplankton and phytoplankton?”
the Arctic Marine Ecosystem Research Unit conducts
field studies and collects samples in the Arctic Ocean.
Additionally, research taking advantage of expertise in
measuring the carbonate density of these marine
carbonate organisms, in which JAMSTEC leads the
world, has confirmed that the zooplankton living in
oceans with advanced acidification have low shell
density. We are also working on building an “Arctic Sea
Ice-Ocean-Ecosystem Model” using a supercomputer
to predict the future impacts of global warming and
acidification on ecosystems. We hope that by
incorporating these two kinds of results into models,
we can obtain predictions with lower uncertainty.

Naomi Harada
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Shedding Light on the Transport and Transformation
Mechanisms for Short-lived Climate Pollutants
Although it is well known that carbon dioxide (CO2) is
the main cause of global warming, in fact various
other substances are also involved in global warming.
In particular, the effects of methane and black carbon
are estimated to be important.
Methane is the main constituent of natural gas; it is
emitted in the burps of cattle and other animals, and
also from rice paddies. In Siberia, where in recent years
the permafrost is thawing because of global warming,
it is possible that methane trapped within the
permafrost will be released.
Black carbon, which is an aerosol with a large impact
on global warming, is the soot arising from fossil fuel
combustion and forest fires. Black carbon itself
absorbs sunlight; when it attaches to snow while
being carried by the wind, it turns the snow black so
that the formerly white snow more readily absorbs
sunlight. As a result, especially in cold regions the
ground is warmed and its temperature rises, which in
turn further spurs on global warming.
Although we know that methane and black carbon
have large impact on global warming, there is a large
uncertainty. In this context, conducting studies and
research mainly in the Pan-Arctic region, where global
warming is proceeding faster than anywhere else on
the Earth, may provide clues for understanding the
connection of methane and black carbon with global
warming.
Our Arctic Geochemical Cycle Research Unit
collaborates with research teams in Japan and other

Arctic Geochemical Cycle Research Unit

countries to conduct measurements in various
locations and investigate atmospheric methane and
black carbon. How do these substances arise in the
atmosphere, how are they transported, and how do
they deposit? One of our current tasks is to build a
more precise simulation model. For example, black
carbon is actually composed of particles that differ
greatly in size and shape. How do differences in
particles affect the differences in movement and
transport route in the atmosphere? We will use the
observation data we are starting to collect and our
simulation technology to create a more accurate
model.
Research institutions around the world are running
simulations to predict global climate change; however,
in answer to questions like “How high will global
temperatures have risen 100 years from now?” there
are wide differences in the results of these simulations.
Further, these models as yet do not sufficiently include
the interchange of substances such as methane and
black carbon with the atmosphere, oceans, snow, and
ice. Refining the models for these substances should
increase the precision of global climate change
predictions.
When Arctic Ocean ice melts in the future and ships
sail that ocean, the black carbon emitted by those
ships will likely be a problem. It is our intent to use the
findings of our research in the Pan-Arctic region to
provide grounds for scientific decision-making to help
consider the connection of methane and black carbon
with global warming.

Research Unit Leader

Masayuki Takigawa
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Developing a Highly Accurate Pan-Arctic Regional Model and Making
Detailed Predictions for Several Decades into the Future
Under the overarching theme of “prediction,” our
Pan-Arctic Climate Change Projection Research Unit is
using JAMSTEC’s “Earth Simulator” supercomputer in
an effort to develop a highly accurate numerical
model for the Pan-Arctic region. What will the Earth, or
Japan, be like 10, 20, or 50 years from now owing to
global warming and other climate change? To find out,
it’s important to increase our understanding of the
Arctic and its surrounding regions.
The Arctic is one of the world’s regions where climate
change impacts are most pronounced, as symbolized
by the rapid decrease in the sea ice that once covered
the Arctic Ocean. Over the last few years, attention has
focused on questions such as, “How will the melting of
the sea ice affect other regions?” The Arctic is strongly
affected by climate change, but because of the great
magnitude of change, it could at the same time have
strong impacts on other regions, including Japan. For
that reason we are building a model that covers not
only the Arctic, but also the “Pan-Arctic region,” which
includes the peripheral regions around the Arctic.

there is a limit to detail even with the power of a
supercomputer. For example, many of the climate
models provided for the IPCC’s most recent report
performed their calculations by covering the Earth
with grids about 100 km on a side. Although climate
models provide an indicator for understanding
changes over the Earth as a whole, 100-km grids are
too big to reproduce local changes and
meteorological events. We will therefore create a
model that uses large grids for everywhere except the
Pan-Arctic region, which is divided into small grids
about 5 km on a side, to obtain results that are highly
accurate for the Pan-Arctic region despite limited
computational resources. Considering the fact that
rapid changes in the Arctic are greatly affecting other
regions of the Earth, it is our expectation that the
results obtained from such models will lead to a new

understanding of, and more detailed predictions for,
climate change not only in the Arctic but also the
entire planet.
One more thing that distinguishes our unit is
modeling of the ice sheets in Greenland and other
places. Even Greenland with its vast ice sheet is
beginning to experience previously unseen
phenomena, such as the large scale and rapid melting
of ice in summer. Melting of the Greenland ice sheet
feeds immense volumes of fresh water into the ocean:
one cannot overlook the impact. Our incorporation of
a Greenland ice sheet model into our climate model is
internationally cutting-edge research through which
we hope to be helpful in further improving the
accuracy and reliability of predictions from the
Pan-Arctic to mid-latitude regions.

Models for global-scale, long-term simulations, called
climate models, have been created at research
institutions in many countries with collaboration by
many researchers. The results of those models have
been collected, examined, and released through
international frameworks such as the
Intergovernmental Panel on Climate Change, an
organization that assesses research results on global
warming and other climate changes caused by human
activities. But because performing simulations for the
entire Earth requires enormous computing resources,

Pan-Arctic Climate Change Projection Research Unit

Research Unit Leader

Yoshiki Komuro

10

Developing a Highly Accurate Pan-Arctic Regional Model and Making
Detailed Predictions for Several Decades into the Future
Under the overarching theme of “prediction,” our
Pan-Arctic Climate Change Projection Research Unit is
using JAMSTEC’s “Earth Simulator” supercomputer in
an effort to develop a highly accurate numerical
model for the Pan-Arctic region. What will the Earth, or
Japan, be like 10, 20, or 50 years from now owing to
global warming and other climate change? To find out,
it’s important to increase our understanding of the
Arctic and its surrounding regions.
The Arctic is one of the world’s regions where climate
change impacts are most pronounced, as symbolized
by the rapid decrease in the sea ice that once covered
the Arctic Ocean. Over the last few years, attention has
focused on questions such as, “How will the melting of
the sea ice affect other regions?” The Arctic is strongly
affected by climate change, but because of the great
magnitude of change, it could at the same time have
strong impacts on other regions, including Japan. For
that reason we are building a model that covers not
only the Arctic, but also the “Pan-Arctic region,” which
includes the peripheral regions around the Arctic.

there is a limit to detail even with the power of a
supercomputer. For example, many of the climate
models provided for the IPCC’s most recent report
performed their calculations by covering the Earth
with grids about 100 km on a side. Although climate
models provide an indicator for understanding
changes over the Earth as a whole, 100-km grids are
too big to reproduce local changes and
meteorological events. We will therefore create a
model that uses large grids for everywhere except the
Pan-Arctic region, which is divided into small grids
about 5 km on a side, to obtain results that are highly
accurate for the Pan-Arctic region despite limited
computational resources. Considering the fact that
rapid changes in the Arctic are greatly affecting other
regions of the Earth, it is our expectation that the
results obtained from such models will lead to a new

understanding of, and more detailed predictions for,
climate change not only in the Arctic but also the
entire planet.
One more thing that distinguishes our unit is
modeling of the ice sheets in Greenland and other
places. Even Greenland with its vast ice sheet is
beginning to experience previously unseen
phenomena, such as the large scale and rapid melting
of ice in summer. Melting of the Greenland ice sheet
feeds immense volumes of fresh water into the ocean:
one cannot overlook the impact. Our incorporation of
a Greenland ice sheet model into our climate model is
internationally cutting-edge research through which
we hope to be helpful in further improving the
accuracy and reliability of predictions from the
Pan-Arctic to mid-latitude regions.

Models for global-scale, long-term simulations, called
climate models, have been created at research
institutions in many countries with collaboration by
many researchers. The results of those models have
been collected, examined, and released through
international frameworks such as the
Intergovernmental Panel on Climate Change, an
organization that assesses research results on global
warming and other climate changes caused by human
activities. But because performing simulations for the
entire Earth requires enormous computing resources,

Pan-Arctic Climate Change Projection Research Unit

Research Unit Leader

Yoshiki Komuro

10

The Research Vessel and Supercomputer Supporting IACE’s Arctic Research
Oceanographic Research Vessel Mirai

Using New Observation Technologies to Pioneer a World Never before Seen
IACE not only performs studies, research, and simulations in a
variety of fields, but also devotes effort to developing measuring
instruments and observation technologies. In order to conduct
trouble-free observations and collect even more data and
samples in the Arctic, which is a harsh environment not only for
human beings but also for measuring instruments, the Arctic
Observation Technology Development Unit uses its engineering
expertise in our efforts for instrument improvement, stable
operation, and for technological innovation.
An instrument often used in oceanographic research is the
weather buoy, which can make highly accurate environmental
measurements. For example, these buoys can accurately
measure water temperature with a precision higher than
1/100°C. In making Arctic observations, these buoys were
embedded into the ice to moor them in a way that might be
called tethering to the ice; they have been used to take
year-round measurements such as sub-ice water temperature
and quality in the Arctic environment. But now there are more
marine areas where ice disappears in the summer because of
global warming, thereby raising the risk that the buoys will be
lost and measurements interrupted. Although recent advances
have made buoys lighter and easier to install, the installation of
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one early-model buoy required about six people and heavy
equipment. How to reduce costs and the need for human
resources while making observations more efficient is a vital
consideration in instrument development.
Against this backdrop, researchers around the world desire the
development of autonomous underwater vehicles (AUVs). Ships
can take people to open water and marginal ice zones, but there
are expectations that using AUVs will enable us to make
wide-area observations in icebound marine areas, where
observations have not been made. In fact, no one has ever seen
the sub-ice world. The ability to made observations there freely
and safely will surely better our understanding of the Arctic.
JAMSTEC is also developing sensors; we can expect to further
increase our understanding if we are able to equip AUVs with
sophisticated sensing technologies such as ATP sensors, which
measure biological activity, and the pH sensor “HpHS,” which
was rated highly at an international competition.
In order to develop AUVs for making sub-ice observations, we
started by attaching a self-propulsion motor to an automatic
monitoring float in an attempt to develop a technology that can
perform “smarter” observations; however, doing this requires
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jumping through a number of technological hoops. Finding
one’s location in the Arctic is difficult because compasses don’t
work there, and trying to communicate with satellites is
impossible in marine areas covered with ice. Another idea is to
attach a camera to a motor-equipped float and try taking
photographs from below the ice, but this raises the problem of
how to recover the image data. The Arctic imposes various
barriers to performing observations there.
But it’s precisely the many difficulties that make the effort
worthwhile. The World Climate Research Program announced a
program called “Polar Challenge,” which involves crossing the
Arctic under the ice for 2000 km while making observations.
Which country will be the first to achieve it? Developers around
the world are gearing up for the challenge.
The development of instruments would make it possible to
remotely and safely explore places where no one has made
observations, and things which no one has studied. The
development of a multiplatform that can respond to any request
from any researcher. Therein lies the adventure we find in
supporting Arctic research with mechatronics.

Our research vessel (R/V) Mirai is active not only in the Arctic Ocean,
but also in other world oceans including the Pacific and Indian
Oceans. Sailing the world oceans, R/V Mirai makes observations of
ocean current, water properties, such as temperature, salinity, and
chemical components, and marine organisms such as phyto- and
zooplanktons. We can perform meteorological observations
including clouds, rain/snow, wind, and chemical component, such as
greenhouse gases. Furthermore, we takes samples of bottom
sediments on the ocean floor. Additionally, it carries many
observation instruments such as the “ocean weather observation
system,” the “subsurface moored monitoring system,” and the “Argo
float;” these can be deployed and recovered by the ship. In addition to
its excellent navigational performance, R/V Mirai has laboratories and
analytical equipment that enable highly precise analyses, making the
ship indispensable for JAMSTEC’s oceanographic research.
Since 1998, R/V Mirai has made voyages at a pace of about twice in
three years to the Arctic Ocean; there are expectations for the ship’s
future activities as a cutting-edge international marine base and as a
provider of data on the world’s oceans.

Earth Simulator
The supercomputer “Earth Simulator,” which performs large-scale
computations at ultra-high speed, was developed by bringing
together Japan’s most advanced technologies. It began operating in
March 2002. We have built a number of virtual Earths (numerical
models) inside the computer, and we use these for a research method
called “numerical simulation,” which involves using the models to
conduct experiments. In particular, the “Earth Simulator” boasts many
accomplishments in the earth science field, such as global prediction
experiments using climate models. In June 2015 the third-generation
system began operating; some of the world’s best computational
performance is being used to build and operate a series of advanced
numerical models for understanding the Arctic’s current state and
predicting its future state. These tasks include the Pan-Arctic model
with improved resolution, chemical transport models, and Arctic
ecosystem models. The “Earth Simulator,” which is located in
JAMSTEC’s Yokohama Institute for Earth Sciences, is essential to
research in Institute of Arctic Climate and Environmental Research.
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The History of JAMSTEC’s Arctic Research

Domestic Collaboration

The history of JAMSTEC’s Arctic research goes back to about 1990. At first
the purpose was to make observations and collect data in the Arctic
Ocean, which was covered with ice almost all of the year. Accumulating
experience and observational data, JAMSTEC later initiated 'research'
activities to address the question of “Why does the Arctic Ocean covered
by sea ice even in the summer?” In 1998 the research vessel (R/V) Mirai
started Arctic expeditions. R/V Mirai, which is an ice-strengthen ship, can
sail in the Arctic Ocean only in limited time periods and places. JAMSTEC
focused on open water areas where sea ice had disappeared and on the
marginal ice zone, and accumulated unique data and observational
expertise there. In addition, we gained capabilities for measuring
changes in ocean temperature and salinity year-round by using observation instruments such as drifting buoys and
moored systems. Arctic land observations through international collaboration also began; furthermore, we started
performing modeling experiments with the “Earth Simulator”.
The years 2002, 2005, 2007, and 2012 set new records for the minimum extent of summer sea ice in the Arctic Ocean
since the satellite observation started in 1979. Ice decreases were greater than ever before: it became widely known that
global warming is proceeding faster in the Arctic than in any other region of the world. Along with this new knowledge,
understanding “rapid loss of sea ice, and other causes of Arctic warming” and “the impacts of Arctic warming” became
the major purposes of our Arctic research. In conjunction with such changes, the observation data that JAMSTEC had
collected by continuing its own research mainly in regions where melting has reduced the sea ice, has become highly
valued.
JAMSTEC has contributed to climate research, for not only the Arctic region but also the global scale, by means of diverse
research achievements including observation research from R/V Mirai and simulation research with the “Earth
Simulator.” Meanwhile, the Institute of Arctic Climate and Environment Research was established on April 1, 2015. Global
warming impacts are most apparent in the Arctic, and those impacts are affecting us not just scientifically but in various
other ways. JAMSTEC is performing interdisciplinary research on the Arctic from a broad array of fields in order to make
even greater contributions.

The Arctic environmental changes due
to global warming are leading to
greater public interest and concern.
Responding to this interest and concern
requires collaboration by researchers in
a broad range of fields to investigate
the Arctic issues now in the spotlight.
We aim to provide data and scientific
evidences that might lead to solutions
for the problems facing the Arctic; this
we intend to accomplish by vigorously
expediting research cooperation and
collaborations with universities and
research institutions in Japan.

Collaborative Institutes in Japan

Atmosphere and Ocean Research Institute, The University of Tokyo(AORI)
/ Center for Far Eastern Studies, University of Toyama / Faculty of
Fisheries Sciences Graduate School of Fisheries Sciences School of
Fisheries Sciences, Hokkaido University / Faculty of Maritime Sciences,
Graduate School of Maritime Sciences, Kobe University
Institute of Low Temperature Science, Hokkaido University / National
Institute for Environmental Studies(NIES) / National Institute of Polar
Research(NiPR) / The Graduate School of Marine Science and Technology,
Tokyo University of Marine Science and Technology

US

Atlantic Ocean
Canada

Research project in Japan

Arctic Challenge for Sustainability Project(ArCS)
Representative Organization : National Institute of Polar Research(NiPR)
/ Deputy Representative Organization : Japan Agency for Marine-Earth
Science and Technology(JAMSTEC), Hokkaido University

Greenland
Europe

International Collaboration
The Arctic is a region comprising mainly
the Arctic Ocean, as well as the Arctic
Circle countries surrounding it. To
understand the rapid environmental
changes in the Arctic, their impacts, and
forecast future changes, international
research cooperation and collaboration
including Arctic Circle countries is
essential. It was under these
circumstances that Japan was admitted
to the Arctic Council as an observer in
2013; Japan is working to make ever
greater contributions to Arctic research.
By pursuing international cooperative
and collaborative research with other
countries and research institutes, and
making advantageous use of their
respective characteristics in that
research, IACE is conducting research
that will lead to solutions for
environmental issues not only in the
Arctic, but globally as well.
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Arctic
Ocean
International Collaborative Institutes

Alfred Wegener Institute for Polar and Marine Research(AWI)/
Department of Fisheries and Oceans(DFO)/ Institute for Biological
Problems of Cryolithozone(IBPC)/Institute for Marine Research, Norway/
International Arctic Research Center(IARC)/ Melnikov Permafrost Institute
(MPI)/ Norwegian Polar Institute(NPI)/ National Oceanic and Atmospheric
Administration(NOAA)/ University of Washington/ Woods Hole
Oceanographic Institution(WHOI)

International research project

Arctic Predictability and Prediction on Seasonal to Inter-annual
Timescales (APPOSITE)
Arctic Sub-Arctic Ocean Flux(ASOF)
Coupled Model Intercomparison Project (CMIP)
Distributed Biological Observatory(DBO)
Ecosystem Studies of Subarctic and Arctic Seas (ESSAS)
Forum for Arctic Modeling & Observational Synthesis(FAMOS)
Intergovernmental Panel on Climate Change (IPCC)
International Arctic Buoy Programme(IABP)
International Arctic Science Committee(IASC)
International Arctic Systems for Observing the Atmosphere(IASOA)
Pacific Arctic Group(PAG)
Polar Climate Predictability Initiative (PCPI)
Resilience and adaptive capacity of Arctic marine systems under a
changing climate (RACArctic)
World Climate Research Programme (WCRP)

Nansen
Basin
Amun dsen
Basin
Kara Sea

Barents Sea

Canada Basin

Alaska

Makarov Basin

Lap tev Sea

East Siberia
Sea

Chukchi
Sea

Pacific Ocean
Bering Sea

Russia

IACE

Director, Institute of Arctic Climate and Environment Research
Deputy Director, Institute of Arctic Climate and Environment Research

Sea of
Okhotsk

Arctic Ocean and Climate System Research Unit

Arctic Geochemical Cycle Research Unit

Arctic Marine Ecosystem Research Unit

Pan-Arctic Climate Change Projection Research Unit

Japan

Arctic Observation Technology Development Unit
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