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Preface

In the Arctic Challenge for Sustainability Project (ArCS), we promoted
international collaborative researches, established research and obser-
vation stations in the Arctic region, and dispatched young researchers
and experts to Arctic research institutions and conferences. These ini-
tiatives were carried out based on Japan’s Arctic Policy, adopted in 2015
in order to provide evidentiary support for the policy outlines that Ja-
pan contributes to offering scientific solutions to Arctic issues and
takes a lead in achieving an orderly and sustainable development in the
Arctic region. As another important initiative, we also developed and
implemented measures to actively share with society the information

on scientific achievements of this project.

Scientific Achievements

The international collaborative researches that serve as a basis for
achieving the goals of this project were carried out while effectively uti-
lizing the research and observation stations, the research vessel Mirai,
(R/V Mirai) and other research infrastructures. These programs were
conducted through collaboration mainly among research institutions
in Arctic countries and the following eight research themes designed to
gain new knowledge of Arctic environmental changes based on their
respective goals: natural science-related themes (Themes 1 to 6), the
humanities and social sciences-related theme (Theme 7), and the data
management-related theme (Theme 8). We successfully presented our
findings at many academic conferences and published a number of re-
search papers. Through the entire project, we achieved distinctive
results in the following ways through the entire activity. (A) This proj-
ect produced internationally recognized results grounded in the
accumulated knowledge of the Japan’s past Arctic research activities;
(B) many findings were obtained in the international observation pro-
grams where Japan took a lead in the proposal and discussion process,
or Japan played a internationally leading role in research activities,
such as adopting Japanese technology as a standard measurement
method; and (C) the interdisciplinary research approach became a
model case for future research activities, especially in the implementa-
tion style conducted while exchanging information with local residents
in the Arctic region, the creation of environmental teaching materials,

and the development of educational tools.

Research Infrastructure

Development of Arctic Research and Observation Stations

Since this project began, there have been an increasing number of re-
search and observation stations and countries that have established

facilities, thereby expanding Japan’s presence in the Arctic research. In

particular, the observation towers built in Russia and the United States

were maintained to acquire climate and vegetation data, which enabled
us to secure a globally rare station where we can conduct wide-ranging
and long-term observations of Arctic-specific phenomena, such as the

relation between snow accumulation and vegetation.

Human Resource Development and Dispatch of Experts

The Program for Overseas Visits by Young Researchers enabled to young
researchers to join the discussions in the international conferences and
visit research sites in the Arctic. This program was originally intended
only for researchers, then became available to the private sector in 2017.
On this occasion, participants were dispatched to various international
Arctic conferences for a short period of time in order to gain a better un-
derstanding of the social situation surrounding the Arctic, as well as to
facilitate dialogue with attendees from other countries. In addition to the
dispatch of experts to the Arctic Council (AC) and other Arctic-related
meetings, this initiative effectively conveyed the message that Japan does

not see the Arctic only as a place for economic activity.

Data Management

The Arctic Data Archive System (ADS) served as a data center to collect,
store, and utilize various research data obtained from this project. It is
quite rare in the world that a diverse set of Arctic research data and infor-
mation, from physical data to cultural anthropological data, are
consolidated and publicized in a single system. This activity worked as
the international collaboration of data use and also realized a step of en-

hancement of the social engagements.

Cooperation with Society

We see people affected by Arctic environmental changes as the stake-
holders of this project, such as the general public in Japan and abroad,
policymakers in and outside Arctic countries, the AC (mainly its work-
ing groups), people in industry, and local residents in the Arctic region;
for their sake, we shared information mainly on our website according to
their interest, created leaflets and board games for the public, and gave
public lectures in Japan. We also established two meeting systems: the
International Advisory Board (IAB) and the Council of ArCS project.
The TAB gave advice on the international significance of this project, re-
search protocols, and assessment of scientific achievements, while the
Council, acting as a catalyst for dialogue between this project and soci-
ety, made recommendations on the project management based on
research needs. The two bodies assisted us in carrying out various activ-
ities in this project while constantly communicating with relevant

external parties.

Arctic Challenge for Sustainability (ArCS) 2015-2020 Report [Summary] ()5
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Predictability study on weather and sea-ice forecasts linked with user engagement

% i féﬁ EE % 3% i ,? / Principal Investigator: Jun Inoue
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For higher accuracy in the weather, sea-ice and ocean prediction in the
Arctic region, we promoted the following three activities under the frame-
work the Polar Prediction Project (PPP) of the World Meteorological
Organization (WMO): (1) intensive Arctic observations for establishing a
sustainable Arctic observation network, as well as data assimilation-based
observing system experiments, (2) study on the predictability of extreme
weather events attributable to Arctic changes utilizing atmospheric and
sea-ice prediction data provided by operational weather centers around
the world, and (3) observational and numerical study focusing on improv-
ing the skill of sea-ice forecast, optimal route search, and wave prediction
on the Northern Sea Route. We also conducted atmospheric soundings
and wave buoy observations using R/V Mirai, and data assimilation and
prediction experiments to understand impacts of the observations on the
atmospheric and sea-ice predictabilities by employing the Earth Simulator
supercomputer, etc.

Our findings from these activities include that the observation data of the
Arctic region are highly effective for precise short-range weather, wave,
and sea-ice predictions, and that such data are also helpful in predicting
mid-latitude weather phenomena. In addition, based on the products from
operational weather centers, we designed the best combination of atmo-
spheric and oceanic initial states and the atmospheric forcing for our
high-spatial-resolution sea-ice and ocean coupled model IcePOM. This
skillful model would be ready for implementing medium-range sea-ice
predictions on the Northern Sea Route. In collaboration with Theme 8, the
weather and sea-ice prediction data from operational weather centers and
the sea-ice forecast by our IcePOM were integrated into a system that is
easily accessible on ships. This system was actually employed on the R/V
Mirai cruise in the latter half of the project, which successfully demon-
strated that such prediction information is helpful for both safety and
activity of vessels traveling the Arctic Ocean. Going forward, while giving
consideration to a good balance with various challenges, such as observa-
tion enhancement with environmental loading under limited observing
and human resources, we will strive to establish a sustainable observing
network that meets social needs.

2019 10AF A KBITE KR THRATS [H#50L]  R/V Mirai moving in the sea-ice area in the middle of October, 2019
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Variations in the ice sheet, glaciers, ocean, climate and environment in the Greenland region

EETE B KX FEF / Principal Investigator: Kumiko Goto-Azuma
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In Theme 2, we were engaged in the following two research projects: (1)
participating in the East Greenland Ice-Core Project (EGRIP) to under-
stand the mechanisms of ice-sheet changes and climate changes, and (2)
focusing on the northwestern Greenland ice sheet, an unexplored area
with rapid environmental changes in recent years, and conducting a study
on the interaction between the climate change-affected glaciers and ice
sheets and oceanic changes, as well as on ongoing natural disasters and the
social impacts thereof.

The achievements in (1) include that we participated in ice-core drilling at
EGRIP and international ice-core analysis campaigns. We also conducted
pit observations near the drilling site and reconstructed the surface mass
balance during the past 10 years. Ice cores drilled previously were also an-
alyzed, which revealed temporal variability in black carbon (BC)
concentration over the past 350 years. Furthermore, we conducted labora-
tory experiments using artificial ice and ice-cores to understand
mechanisms of ice-sheet flow that is closely related to predictions of future
sea-level rise. This resulted in an improved flow law for impurity-contain-
ing ice. With regard to numerical prediction of sea-level change utilizing
ice-sheet models, the GIA model that calculates diastrophism due to
ice-sheet changes was improved. We also improved ice sheet modeling by
taking into account impurity effects and ice stream physics.

The achievements in (2) include that, with cooperation from overseas uni-
versities and local collaborators, we quantified the mass loss rate of rapidly
shrinking glaciers and ice sheets and contributed to clarifying the mecha-
nism of the changes. Among others, we gained much knowledge about,
and reported the findings of, the change in calving glaciers and the pro-
cesses near the calving front. Moreover, we first quantified the impacts of
meltwater from glaciers and ice sheets on the ocean, especially its role in
supplying nutrient to the fjords. This study also showed the influence of
glaciers on the fjord ecosystem from plankton to sea birds and marine
mammals. When it comes to land-related outcomes, we have shown the
mechanism and prospects of glacieral river floods, landslides and other
natural disasters. In addition, atmospheric material transport and snow-
fall, as well as distribution of sea ice and icebergs, were revealed in this
study, quantifying the environmental changes in the coastal areas of
Greenland. These findings were shared with local residents in the annual
workshop held in Qaanaaq. Our survey and observations conducted in
close collaboration with local residents is a model case for future research

activities in the Arctic.
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Atmospheric climate forcers in the Arctic

EMEEH /Nt E / Principal Investigator: Makoto Koike
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This theme focused on climate forces in the atmosphere that play import-
ant roles in Arctic warming, especially CHa (greenhouse gas, GHG) and
BC (light-absorbing aerosols), both are known to be short-lived climate
forcers (SLCFs). For GHG studies, we took both top-down and bottom-up
approaches. We also studied cloud microphysics and ice nucleating parti-
cles (INP). By conducting accurate measurements and state of the art
numerical model calculations, we contributed to reductions in uncertain-
ties in radiative forcing of these SLCFs as well as effectiveness of mitigation

measures.

Study on Arctic BC

We established an Arctic BC COSMOS Measurement Network (AB-
CM-net) using the COSMOS which we have developed. We also conducted
atmospheric BC measurements on the R/V Mirai Arctic cruise and during
AWT aircraft experiment. BC concentrations in snowpack were also mea-
sured across an extensive area of the Arctic. We found that BC in
snowpack reported in previous studies was largely overestimated. By im-
proving numerical models, better estimates in BC radiative forcing were

provided.

Study on Arctic Clouds and INP

We found that INP concentrations in the Arctic increased in summer due
to dust from glacial outwash sediments. This high ice nucleating ability
was likely due to presences of organic substances. First continuous mea-
surements of cloud microphysical properties in the Arctic were also

carried out and their seasonal variations were revealed.

Greenhouse Gases: Top-down Approach

In the “top-down” studies, sources/sinks as well as processes controlling
GHG concentrations were studied from measurements of their atmo-
spheric concentrations at the ground stations, commercial aircraft and
R/V Mirai. We evaluated CO2 sources/sinks and importance of biogenic

CHa4 sources to the CHa variations.

Greenhouse Gases: Bottom-up Approach

In the “bottom-up” studies, long-term flux measurements of CH4 were
carried out at two larch forest in eastern Siberia and a black spruce forest
in interior Alaska. We revealed how the ecosystem CHa budget responds
to environmental changes. The observation data were used to adjust envi-
ronmental parameters for the terrestrial ecosystem models. Investigating
the amount of organic carbon contained in the underground ice clarified
that the concentrations of CH4 and CO2 present in underground ice bub-

bles greatly varies among sites.

500

200
MERBCREDNE®E (LE) "
EMRI-ESM2HIEE 7L EHE b
fBEDLE (#frlEng g ) i
BC concentrationsin snow- ki
pack. Circles represent obser- « £
vations and color map :
shows model calculations 5
(MRI-ESM2) (unitisngg™) I

1



4 | wmmtmEe NS

Observational research on Arctic Ocean environmental changes

EMETE Fih & / Principal Investigator: Takashi Kikuchi
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Autumn bloom in Hope Valley in the Chukchi Sea. ®and ®rep-
resent flows from the back to the face of the figure and from
the face to the back of the figure, respectively.

To understand the situation of environmental changes of the Arctic Ocean
and assessing the lower trophic ecosystem and climatological impacts,
four research groups in this theme conducted on-site observations mainly
in the Pacific sector of the Arctic Ocean, by R/V Mirai along with other
ships, time-series measurements of mooring systems, laboratory experi-
ments, and numerical experiments. The research highlights of the theme
are as follows:

1) We successfully collected time-series data on water temperature, salin-
ity, dissolved oxygen, turbidity, and dynamics of zooplankton and
phytoplankton activities by year-long mooring measurement. The data
revealed that phytoplankton blooms occur not only spring when sea ice
is melt, but even in fall. Nutrient generated by organic matter decom-
position plays an important role to the fall blooms in the Hope Valley.
Using the same mooring data, we also found that CO2 released during
decomposition enhances ocean acidification at the bottom of the Hope
Valley.

2) For better understanding of the impacts of rapid environmental chang-
es on the Arctic ecosystem, we conducted shipboard experiments to
examine the effects of temperature, COz2, and salinity on phytoplankton
dynamics. Our results suggest that the smaller phytoplankton tend to
dominate in the shelf edge region of the Chukchi Sea in the western
Arctic Ocean under multiple environmental perturbations.

3) Satellite observation data of Synthetic Aperture Interferometric Radar
Altimeter (SIRAL) were used to figure out the sea surface dynamic
height (monthly average) that can define the geostrophic current, there-
by unveiling the fact that changes of the Arctic Ocean circulation in
winter. This result suggests that the sea surface dynamic height can be
used to estimate the change in freshwater storage capacity in the sea-
sonal sea ice zones.

4) The mooring observation using an ultrasonic water pressure gauge in
the coastal areas of the northeastern Chukchi Sea enabled us to obtain
time-series data on sea-ice draft. Using the data, we investigated the sea
ice thickness distribution that is important for prediction but whose sit-
uation is still not sufficiently understood. This also clarified that the
change in sea ice thickness can be affected by coastal polynya formed by
predominantly northeast winds.

It is also worth noting that we initiated and produced some results,
such as applying the Value Tree Analysis (VTA), to encourage social
and natural sciences for the Arctic. For public outreach of Arctic
research, we were able to develop an Arctic educational tool (a board

game named The Arctic) in collaboration with Themes 6 and 7.
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Study on Arctic climate predictability

% i ﬁ EE % T A Tiﬁ_r EE / Principal Investigator: Hiroyasu Hasumi
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The goal of this theme is to evaluate the predictability of Arctic-related cli-
mate variations, wherein we aim to: (1) establish the scientific basis of
climate predictability; and (2) develop a method for predicting and pro-
jecting medium- and long-term climate variations.

In target (1), we carried out a study on the interaction among the multiple
spheres that constitute the Arctic environment, such as atmosphere, ocean
and cryosphere, as well as on the remote influence on climates outside the
Arctic region. We demonstrated that the Arctic stratospheric response to
sea ice changes and the climate memory through the land process play a
crucial role in climate variability and its predictability. We also clarified
the process of how Arctic climate is affected by the climates of areas far
from the Arctic region, such as tropical areas and the southern hemi-
sphere, and indicated the possibility of climate predictability based on the
process, or on the other hand, the presence of factors that limit the predict-
ability.

In the target (2), we conducted a study on seasonal to multi-decadal Arctic
climate prediction utilizing climate models. We especially focused on sea
ice processes and studied prediction of sea ice itself, atmospheric and oce-
anic processes affecting sea ice variability, and sea ice response to, and
roles in, climate warming. This study revealed that the predictability of the
summer sea ice extent is associated with the durability (mass or volume) of
sea ice in the Pacific sector of the Arctic Ocean. In addition, a basis for cre-
ating a dataset of sea ice thickness distribution, which is important for
prediction but not yet sufficiently understood, was established by applying

the methodology developed for seasonal sea-ice extent predictions.
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Anomalies of surface air temperature (SAT: shades) and sea level pressure
(SLP: contours with 0.5 hPa interval and negative dashed) associated with
the WACE pattern extracted by a singular value decomposition analysis for
(a) ERA-Interim and (b) atmospheric model simulation. The hatching is for
>95% statistical confidence for SAT anomalies.
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Response and biodiversity status of the Arctic ecosystems under environmental change
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This theme is composed of two research projects to achieve the following
goals: clarifying the mechanism of biological response to, and changes due
to, global warming and sea-ice reduction caused thereby in the Arctic re-
gion; fully identifying the impacts of pollutants originated in the
low-latitude regions on Arctic creatures, as well as on the biota necessary
for biodiversity conservation; and deeply understanding the ecological
structure, functions, and services. Specifically, the projects are Research
Project 1: Estimation of the Mechanism of the Arctic Ocean Ecosystem
Response to Environmental Changes and Human Impacts, and Research
Project 2: Study on the Biodiversity of Arctic Ecosystem.

In Research Project 1, we successfully understood, in more detail than our
previous reports, the process of maintaining the high productivity and the
marine biological response (advection, shift) to environmental changes in
the shelves in the Northern Bering Sea. The impact of pollutants was also
estimated in the research project. Further understanding of each process
is necessary to predict future environmental changes, however, the find-
ings from the two research projects are scientifically important, while at
the same time they are also considered to have become helpful in the deci-
sion-making process for future conservation of marine ecosystem and
fishery resources management in the Arctic Ocean.

In Research Project 2, we obtained new knowledge through research and
study of various species. In some fields, we joined an expert group of Con-
servation of Arctic Flora and Fauna (CAFF) and played a part in
contributing to Arctic Council (AC). We were also dedicated to making
recommendations on conservation policies and sharing our research find-
ings with the native people and the people of Japan. Conducting this
theme allowed us mainly to ascertain the present situation of Arctic biodi-
versity and also clarify the ecosystem functions. However, it is still
necessary to have a better understanding of changes in biodiversity and
shifts in the ecosystem structure and functions linked therewith for clari-
fication of the mechanisms.

a7V (h+Y) OREH
Study site in Whapmagoostui-Kuujjuarapik, Canada
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People and Community in the Arctic: Possibility of Sustainable Development
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This theme is linked with other natural science research programs (theme
1 to 6), thereby playing a role in sharing research findings with our stake-
holders in an effective manner. To consider the sustainability of economic
development in the Arctic region, we conducted a research program from
the following three perspectives: (1) utilization of the Northern Sea Route
and resource development, (2) interaction between the natural environ-
ment and humans, and (3) Arctic governance. We also held a number of
international symposiums and seminars to discuss subjects (1) through
3).

In subject (1), while conducting studies on the Northern Sea Route, re-
source development, and communication, we analyzed the circumstances
of freight transportation; ascertained the present situation of, and ex-
plored the possibilities of, ice navigation; collected sea-ice information,
and performed a cost analysis for freight transportation.

In subject (2), we carried out a field survey in the Sakha Republic in Russia,
Greenland, and Alaska in cooperation with other natural science research
programs. Researchers of cultural anthropology, geography, history, geol-
ogy, and environmental ecology jointly investigated the situation of
permafrost thaw in Sakha and associated impacts on local residents
around the area. We also created teaching materials for environmental ed-
ucation. In interior Alaska and Greenland, we figured out the relationship
between wild animals and humans, while also examining relevant events,
such as calculating the whaling catch quotas and developing an environ-
mental monitoring system. These initiatives are expected to become
test cases for an organic integration of scientifically derived knowledge
and the indigenous knowledge the natives and local residents have.
Studies conducted in subject (3) include Arctic international law and poli-
cy, the Arctic security environment, governance of non-living resource
development, and changes to Arctic international relations caused by
global warming-driven changes in the geopolitical environment.

We also created reports for policymakers based on dialogues with govern-
ment officials through discussion meetings on the AC working group and
round-table conference on Arctic between government officials and re-
searchers.

The findings from this theme were published in February 2020 as a book
titled People and Community in the Arctic: Possibility of Sustainable
Development, edited by Shinichiro Tabata and Masanori Goto.
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Arctic Data archive System (ADS)
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While this theme served as a data center for the projects, we were also en-
gaged in developing a data analysis platform that facilitates
interdisciplinary joint research programs, as well as an information deliv-
ery service utilizing model outputs from the observation data on the
Arctic Ocean.

As the data center, we collected data from various researches and observa-
tions conducted in each theme as well as from models and assimilation
studies, and registered them in the ADS for public disclosure. At the same
time, these data and other research information were comprehensively
registered in, and are now openly available on, the Arctic Research Direc-
tory (arDirectory). The data retrieval system, KIWA, also allows for easy
access to such data. ADS also serves as a data archive that registers and re-
leases most real data acquired from the projects, and assigned a digital
object identifier (DOI) to the data as necessary to facilitate data disclosure.
A major functional enhancement was also made to the online visualiza-
tion application, VISION, in order to promote building the platform that
performs an online visualization and analysis of satellite data, model cal-
culation results, and other 2-D grid data, as well as of time-series data, etc.,
acquired from the Automatic Weather Stations (AWS) and other equip-
ment in Greenland, etc. Furthermore, VISHOP, a quasi-real-time
monitoring system for the polar region environment, was also functional-
ly improved, and the Arctic sea-ice forecast was made available to the
public as well.

As an IoT (Internet of Things) based technological development utilizing
small devices, we enhanced the functionality of VENUS, a navigation sup-
port service, so that sea-ice concentration and other customized data can
be delivered and data can be visualized on ships. Especially, in the R/V Mi-
rai Arctic Cruise held in the in the latter half of the project, Mirai was
provided with various information including detailed sea-ice forecast in-
formation that was calculated by feeding the climate forecast data from
the European Centre for Medium-Range Weather Forecasts (ECMWF) to
the Sea-Ice and Ocean Coupled Model (IcePOM) of the University of To-
kyo. This attempt was carried out in conjunction with Theme 1 as a trial
operation for social implementation of the system of supporting safe Arc-

tic cruises.

BT —ROART =R, 7—2t v MEDFRY

Number of the each theme's archived metadeta, dataset etc. in ADS

2575 | Lanor—y | Laiz—y | B EANR ] o) g
Metadata LevelOdata | Level1data |gpservationinfo.] Modelinfo.
F—<1
Theme1 20 0 15 9 5
T—%2
'T'_hemeZ 61 9 54 12 1
T—%3
Theme 3 60 21 38 28 7
F—v4
1—(heme4 23 10 10 15 1
T—%5
?hemeS 0 0 0 0 10
T—Y6
'-IJ'-hemeé 68 19 33 25 2
T—x7
Theme 7 9 5 3 7 0
ait/
Total 241 64 153 96 26

2020 €1 23 HRE (EEH VY FERL)
As of January 23, 2020, duplicates are eliminated

Arctic Challenge for Sustainability (ArCS) 2015-2020 Report [Summary] 13



EICEDAM BRIV ERELE

Program for Overseas Visits by Young Researchers
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Over the past five years, we have conducted the Program for Overseas Visits
by Young Researchers, which is designed to foster next-generation young
Arctic researchers and professionals who are capable of seeing the big pic-
ture of Arctic issues from diversified perspectives with their high level of
expertise and providing solutions in cooperation with various stakehold-
ers. As a result, a total of 52 young researchers participated in this program,
including 22 for short-term dispatch and 30 for medium- and long-term
dispatch. The number of people dispatched was 12 more than the final tar-
get of 40, which exceeded the original target by 30%. In addition, 42 people
were dispatched to eight Arctic countries, accounting for 80% of the total
number of people dispatched. Other than the Arctic countries, three re-
searchers were dispatched to Alfred Wegener Institute for Polar and
Marine Research (AWI), a Germany-based world-renowned institution in
the field of Arctic research. In addition, graduate students and researchers
who gained a promotion constitute 30 — 35% of the total number of people
dispatched. In other words, one-third of people dispatched through this
program have opportunities for their future career after their participation,

which is one of the successful results of this program.
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Dispatch of Experts to Arctic -related Meetings
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At the request of relevant ministries and government offices, experts in
specific fields were dispatched to the AC working groups and other
Arctic-related meetings so that the findings from Japanese Arctic
research activities were applied to solutions for various Arctic issues,
thereby aiming not only to contribute to the international community,
but also to boost Japan’ s presence as part of its science and technology
diplomacy. With regard to AC-related meetings, experts capable of
expressing scientific opinions were dispatched to Arctic Monitoring and
Assessment Programme (AMAP), CAFF, and other working group-level
scientific discussions, Scientific Cooperation Task Force (SCTF) and
other task forces, and expert meetings such as Expert Group on Black
Carbon and Methane (EGBCM). As for non-AC-related meetings, several
sessions were held in the Arctic Circle and the Arctic Frontiers, where we
introduced this project and other activities and findings of Japan’ s
Arctic research. Over the past five years, 86 experts were dispatched to a
total of 65 assemblies, including 19 AC working groups and expert
groups related meetings, and international conferences. As our new
initiative, we also held debrief sessions and roundtable conferences with
Japanese government officials in collaboration with Theme 7 to establish
a communication channel where directions, findings, and possible
cooperation of our scientific activities can be actively delivered. ArCS
project is the first initiative in Japan that connects Arctic science, society,
and policies together. The activities in this project that gained
recognition through the efforts were introduced in the Third Basic Plan
on Ocean Policy (2018) as Japanese scientific research activities that offer
solutions for Arctic issues. The heightened expectations for Japan’ s
scientific contribution and science diplomacy also led to the hosting of
the 2020 the Third Arctic Science Ministerial (ASM3) in Japan.
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Since Arctic research began, it had been a challenge for many researchers to
build a research station and create an environment for observation and re-
search activities in the hard-to-reach Arctic region. In ArCS project,
remote research stations were established that covers almost all the areas in
the pan-Arctic region and supports the activities of Japanese researchers
there, thereby greatly contributing to providing more opportunities for the
Arcticresearch of Japan. As aresult, these research stations allowed for ma-
ny international joint research programs, such as BC observations (figures
@), @), ©),and (9), isotope observations of snowfall and snowflakes (figures
(©), (®, and (9)), and CO2/CHa flux observations (figures @), ?), and (0). An
international collaboration base serves as a foundation of trust and cooper-
ation in the relationships between countries or between research
institutions. Our efforts over the past five years are expected to become a

catalyst for further promotion of our partnerships.
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