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As a result of the rapid development of science and society, the activities of humankind are now expanding even to space and also affecting
the circulation systems in nature. Under such rapid progress of civilization, we need to grasp our environment from a holistic aspect. Based on
such a new viewpoint and looking to the future, the Institute for Space-Earth Environmental Research (ISEE) was established by collaboration
between researchers from various fields of science. The mission of ISEE is to clarify the mechanisms and relationships between the Earth, the
Sun, and cosmic space, treating them as a seamless system, and to contribute to solving issues related to the global environment and human
society spreading in space. In addition, ISEE plays a leading role as the only joint usage/research center linking space science and earth
science in Japan, and promotes various collaborative research projects.

Our environment comprises various interacting elements and evolves with time. In particular, the dynamics of solar activity sometimes have a

great influence on the global environment and human society. A huge solar flare explosion occurring on the solar

surface severely disturbs the Earth's magnetic field, the atmosphere, and the radiation environment, and it
may cause serious impacts on satellites, electric power, communications, aviation, and other infrastructure.
Long-term variation in sunspot activity may also affect the global climate. Cosmic rays arriving from far
away in the universe are also an element of our environment, and the cosmogenic isotopes in tree rings
provide us with valuable information to explore past environments. On the other hand, it is important to
understand the mechanisms of climate change and extreme weather phenomena, both of which may cause
disasters. For this purpose, it is necessary to clarify not only the greenhouse effect but also the hydrological
circulation, in which aerosols, clouds, and precipitation interact, as well as the interaction between meteorolog-
ical dynamics and the land-ocean ecosystem with solar influence.

In order to explore the space—earth environment, interdisciplinary research across different fields is
necessary. ISEE aims to play a leading role in promoting domestic and international research col-
laboration between researchers, and to develop a new discipline of space—earth environmental

research. We look forward to your continued support and cooperation.

FEHMHERBATLAAK EBF T4

Kanya Kusano, Director of Institute for Space—Earth Environmental Research
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Research Subjects at the Institute for Space—Earth Environmental Research
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To create a new research field to seamlessly understand the Earth, solar, and space systems, we organize the seven research

divisions and three research centers and promote the international and nation-wide joint research and the interdisciplinary
research projects.
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{ © JAXA/NAOJ/Hinode
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. The solar limb imaged with a broadband filter covering the Ca Il H line Computer simulation of plasma turbulence driven by magnetic
D 1V1 S 1 on fOf Inte gfate d StUdle S at 397 nm by the Solar Optical Telescope onboard the Hinode satellite. reconnection, which plays a key role in solar flare and aurora breakup.
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Solar—terrestrial environment as a research object of the Division
for Integrated Studies.

(5E) NASA R—Z—BENRKRUIc. hFFL2ETOA—OTIRHK,
(B KEHHRREOES FRDHDOEBEY 1L —23,
(Upper right) The aurora breakup observed by Polar satellite (NASA)
and (lower right) numerical simulation to predict the dynamics

of the solar—terrestrial environment.

The solar-terrestrial environment is a complex system, which
consists of nonlinear, non-equilibrium, and multi-scale interacting pro-
cesses. The research activities of the Division for Integrated Studies
aim to understand the mechanisms as well as predict the dynamics
of various phenomena in the solar—terrestrial environment using data
analyses and modeling studies.

The physical processes occurring throughout geospace are intrin-
sically nonlinear, characteristic of a basically unstable system.

In an effort to understand this fundamental property of the overall
solar—terrestrial system, the research carried out in the Division for
Integrated Studies adopts the following two major approaches:

(1) Interactive studies to integrate and facilitate comprehension of the
vast array of complex, multi-faceted observations made at various
times at different locations in the geospace environment. “Interac-
tive” here implies interrelationships in many respects, such as those
between observations and theories and between spacecraft and
ground-based observations.

(2) Computer simulations and modeling which demonstrate how one
can reproduce and predict the important characteristic behavior of

geospace established from observations.
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A large sunspot is visible in the telescope’s field of view.
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My scientific interests are in various space-earth
environmental phenomena. In particular, | challenge
to elucidate the physical mechanism of solar flares
and coronal mass ejections (CMEs) and to predict
them based on physics. | also conduct domestic and
international joint research on various space weather
and space climate phenomena. Magnetohydrodynamic
dynamos, self-organization in plasmas, and new
numerical schemes for plasma, fluid, and atmospheric
dynamics are also my research subjects.

ABASR. HEESE., S5CIIREBE/ETF
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The solar atmosphere, Earth’s magnetosphere, and
interplanetary space is filled with ionized gas, called
plasma. | aim to understand why plasma can be rapidly
accelerated or heated in space. In particular, | am
interested in magnetic reconnection, which is one the
fastest energy conversion mechanisms from magnetic
field energy to plasma energy.

HWER R OBELIDFHEMICHELS S5 X 2EHNR
ABESHER (KB TILF. CME &) BAERHF
ERRTT, ALFELHM A TEShEKE
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SBREOREET>TWES, £/ BE. X1 X,
KE., BELREOKGHREEOEBERFEREZ
HEELTWETD,

My major research topic is explosive phenomena occur-
ring in the solar atmosphere such as solar flares and
CMEs. Through integrated data analyses of multi-wave-
length observations, | investigate the acceleration,
transport, and loss processes of high-energy particles
in solar flares. In addition, | am promoting international
collaborative researches with solar physicists in China,
Switzerland, USA, South Korea, and so forth.

A—OTHBRENICHEDBRZER F—OTEH)
# BBELELSELTWET, i, hFH9RED
BEWEBRT—)LTO, A—OTEFKDOZRMEIC
Bk ZR>TWEY, FEH -t EMSRELA—
OZEFEOBR. ALHEELNHSBEIS AL
fc72RX - Wids - BB T —FERALWTWETD,

The auroral breakup is an explosive increase in
brightness on a global scale. Its diversity is my primary
research interest. | use auroral images taken from
satellite and ground observations, as well as plasma,
magnetic field, and electric field data taken by satellites
in the magnetotail.
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Center for Integrated Data Science Center for Integrated Data Science
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Division for Cosmic-Ray Research
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FEHPAGOSHIRICE FEHROE S, FEHPRAFOMETFREVTRE
BEEIERI L. HIKICORRBEEE525, (—EPEGRIRH | NASA. CTA)
Artist image of CRs traveling from space or the Sun. CRs play an important
role in studies of astrophysics and particle physics and influence the Earth’s
environment. (Credit for some images: NASA and CTA.)

KEF Ly A7EREICLDH Y VIRERIEHE CTA £5%,
(iE[{&324t - CTA Consortium)
Concept image of the Cherenkov Telescope Array (CTA)

Observatory for gamma-ray observations. (Credit: The
CTA Consortium.)
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The LHCf experiment for the study of
nuclear interactions of ultra-high energy
cosmic rays using the LHC accelerator.

Cosmic rays (CRs) are high-energy charged particles, such as
protons or nuclei, as well as gamma rays or neutrinos, traveling to
the Earth from somewhere in space. The origins of CRs are unknown.
We study the origins of CRs and their acceleration mechanisms using
observations of astrophysical gamma rays or solar neutrons emitted
from the Sun. CRs also provide us with hints for new phenomena. We
tackle problems between particle physics and astrophysics, such
as nuclear interactions of ultra-high energy CRs with use of accel-
erators like LHC, and the nature of neutrinos and dark matter. CRs
enter the atmosphere and produce ions or cosmogenic nuclides such
as C. We study the past activity of CRs and solar activities using
cosmogenic nuclide contents measured in old tree rings or ice cores.
In addition, we built a wide-field optical telescope, MOA-II, in New
Zealand to observe gravitational microlensing and the optical counter
parts of gravitational wave sources and gamma-ray bursts.

#F 1,000 XA—NLD=2—~J /&R
EBR—/—HNIAHVT,

(BB | WRARFEFHRRT
Super-Kamiokande, a neutrino detector

located 1,000 m underground. (Credit:
ICRR, Univ. Tokyo.)

Za—I—JVRICREL MOA I
1.8 m EREF AR EER,

MOA I, a 1.8-m wide-field optical
telescope in New Zealand.

BACFSHHRORINERR 14 hoiBE
DOREGEBCFERZEE ZIHFTI S,
Study of past solar activities and CR
fl variation via measurements of “C in
old tree rings.

Ty =T RFIOREF ./ ViAW HARKOBEE
PIE RS XENON %5, (E&E12# : The XENON collaboration)
The world’s largest XENON dark matter search experiment with a liquid
xenon detector in the Gran Sasso underground laboratory. (Credit: The
XENON Collaboration)

IBAWDBFIC KN FRIGAEDOF T, HicF
HERNFOERDEFOMAICEDAATNED,
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| 'am working on cutting-edge fields between particle
physics and astrophysics in various research fields in
cosmic ray physics. My research interest lies in very
high-energy interactions of cosmic rays using accelera-
tors such as LHC and RHIC in LHCf/RHICf experiments.
| also work on neutrino physics at Super-Kamiokande
as well as dark matter searches in liquid xenon exper-
iments.

BIARFEBORR 14 RECKKRITONRY U IL
10 BEZAEL. BEOFHERAREL K EE
DOEBEFANTVWET, BEHAEMICHIZE H
BEHS, FcEDAEICKEREZEEZRIFIT AR
B XGERFEDOREEELZOFIEDRPEEE
BLTWEYD, 28RixE 14 BEZHERMAL
HEBEOERATEICEIRDBATVNET,

| am currently studying the variations of past cosmic ray
intensities and solar activities by measuring the ™“C con-
tent in tree rings and °Be concentrations in ice cores.
| 'am aiming to understand the occurrence features of
extreme solar proton events through the investigation
of C data over the past several tens of thousands of
years. | am also interested in annual dating of ancient
samples by using rapid "C variations.

EIXILF—FHENSRI TR FERER S ZERTF
MRS ERWTIHIZR L TWEY, FHRISERZE
BAHZAPHEASREFE U TERORFEAERL
F9, FEHROERZMEATDOHICIE. ZOF
ERIGEBERCEBRUTCHLIEHNEETT, &
IR —EFRTERSNIRFOAELIERE
KO FHNESS LHC TIT>TWEY,

For my research, | study high-energy particle interac-
tions of cosmic rays using an accelerator. Cosmic rays
interact with interstellar gas or the Earth’s atmosphere
and produce numerous particles. A precise under-
standing of cosmic-ray interactions is important to solve
the mystery of the origin of cosmic rays. | am currently
measuring particles produced in high-energy interac-
tions at the world’s biggest accelerator, LHC.

AFP - 22 IRT T 4,600 m LUTBICERBE SN/ SCiICRT KEBHEF
Lz,

Solar neutron telescope, SciCRT, at an altitude of 4,600 m on Mt. Sierra
Negra, Mexico.

RBREICHFTEEIRILFY — A OINEERE
TRATDHIC. ETKREBPEFOHMNZ
fIoCWET, KBT7L70FTh, i EThiET
PRESNDANY NI EFREFARZHT
RART Do, REMEDEILTOERANEET
Fo 2013 FENSIEFAFIIAD 4,600 mELT T
RS THRESREDOKGHEFERAZED
FUTlc,

My main research interest is to observe solar neutrons on
the ground to understand the acceleration mechanisms
of high-energy (> 100 MeV) ions at the solar surface. In
the 2013 fiscal year, we installed a new active tracking
detector at the top of the Sierra Negra Mountain (4,600
m above sea level) in Mexico. This is currently the most
sensitive solar neutron telescope in the world.

RARBBIRILF—REDSHIRNERE T ZF
BHAYNHREHEAL, RUIRNOFHRCPEEYE
DEBZRANDARELTNERT, XAV VRE
EREBOFREEDDICHUWVRHBROMES
ToTHRH, WAFHERIZZOMERFETES
TIBRENTVBDHEWSROBERE, BEYVE
DR, HVIEOEREANEERONRTY,

| study Galactic cosmic rays and the interstellar
medium by means of observations of cosmic gamma
rays traveling from high-energy celestial objects to
the Earth. In addition, | develop novel detectors for a
future gamma-ray telescope project, in which my main
interests are understanding the acceleration limit of
Galactic cosmic rays, the discovery of dark matter, and
a gamma-ray all-sky survey.

375 Concurrent Post
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Center for Orbital and Suborbital
Observations
(Refer to page 27)
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Division for Heliospheric Research

REMEBYVFL—yavic i KGR,
Observations of the solar wind using interplanetary scintillation.

RBEDIRTHESEZHETES IPS &l
IPS observations enabling the investigation of
the 3D structure of the solar wind.

KOS FKEBE (Solar Wind) EMEIEND 75 XIYHE
EABZZEE (87 300-800 km) TIREHULTWT, #b
KIFEICZDORMNDFICWET, HERESEN/NN) 7 —D1%%
ETEEOMBRARIERKEGRDOBEENSSTFSNTWET AN
KBERDOEKDRITRILF—D—E LA OBRE R THIRE
BE< £FTHEALET, KBRIIKGHISHEIRNTR)ILF—
EEINEEBRBWFROTY,

KEREIE, KBEHE EHICKELEFHULET, BT,
KEHTOBRRRRICH > THRO KGR HIRICER U,
WALV OFEEEPEBEBEARICKEREBIIMELEIND
ZENHDET, CDESICKGEERICK> TRKELE(RT
ZFHEER., FTHRIEMIEN., BTEESNEL5ICR
DEUco FERIDEILEZBELCFRT 2HIC. X5
RICBE L CERREENIRARICR > TWETD,

ABREIIKGRET S IFD EBHAATHRNTHE, EE
FZEEARERDND £, KERIMEDLAKBRERM%Z KB
BEHOERT, BT, REAKICK 2 KEGEREFRIZOERENTT
bhTWwEIH KEEOSEEEIFERANT—IMNESNT
WBTZHREZICELSAD > TWER A,

KEEMFETIE. BANIERAICRESI NI KB EERE
Bl 2REBMEEY Y FL—yavoFlEELC TXER
DROBERICHE L TWET,

KEGEHIERDDRAD,
Sun-Earth connection. (Credit: SOHO/LASCO/EIT NASA, ESA.)

A supersonic plasma flow, called the solar wind (with a speed of
300-800 km/s), emanates from the Sun and permanently engulfs
the Earth. While the magnetic field of the Earth acts as a barrier to
protect the atmosphere from direct interactions with the solar wind, a
considerable fraction of its vast energy enters the near-surface layer
via various processes. Therefore, the solar wind acts as a carrier to
transfer the Sun’s energy to the Earth.

The solar wind dramatically varies with the solar activity. In asso-
ciation with eruptive phenomena on the Sun’s surface, a high-speed
stream of solar wind sometime arrives at the Earth and generates
intense disturbances in the geospace and upper atmosphere. The
space environment condition that significantly changes with the
solar activity is called “space weather” and has become a hot topic
recently. An accurate understanding of the solar wind is needed to
make reliable predictions of space weather disturbances.

The solar wind engulfs all planets in the solar system and eventually
encounters interstellar gas. The vast space created by the solar wind is
called the “heliosphere.” While spacecraft exploration of the boundary
region of the heliosphere is in progress at present, the global structure
of the heliosphere is still poorly understood owing to a shortage of
observational data.

Maafe—1
Voyager

KIGEDOHEER,
Schematic illustration of the heliosphere.

=T EAROERE =R,
Radio telescope at the Fuji Observatory.

KEERERB A > RKGEOEAF R ICED,
NT. YERZEDAVN—ICB>THS 20 EHHE
BFE Ul BADERICAWTWSERDREREIE
REFESNTWSEARTICESTN., HREM
TERRHORBEAY AT ANERKINTNE
T FEINSOEFAEBEILERTDIFDLDIC,
LMREOHRAZ—BREIETHE/cNWER ST
WET,

| joined SW lab 20 years ago because | was enthralled
by observational studies of the solar wind using large
radio telescopes. Our observation frequency includes
the low frequency band, which has captured the atten-
tion of many scientists, and huge observation systems
at low frequencies are under construction around the
world. | would like to develop our observation system
further and enable the production of excellent data to
compare with these observations in the future.

AKERDODEEBEE TOIRDEWET O—/\LIC
RZBICIF M ENSOEFEANRETY, /e,
FORMEESHEFANDICIIEELLEAVRTA
NRBERDEIH, EBERERAXFEDOMNI
BRI RATERRDET, —AT. VINIZFPEIl
FIREDREICEEERK T THED, Ak, XBE
- DOINEEBORR KGR KR RS DETTICH
LWEEEED AN D DIAREIT>TVNET,

IPS observation is a useful tool to reveal the global
structure of the solar wind. The mature technology of
low-frequency radio astronomy can perform long-term
stable observations. However, software technology
is growing rapidly these days. | investigate the accel-
eration mechanism of the solar wind and the global
structure of the solar wind and heliosphere using IPS
data incorporating new software techniques.

AEERERDOE K EER.
Radio telescope at the Kiso Observatory.

D EDEREER.

Radio telescope at the Toyokawa Observatory.

KB REEEEZBVT LB KBEA. KGRD
BHRAMREDL BT —9ZICBULEFHRS T
HORBICAFTAEEIT>TVWETLIEITLT,
FLUWKBRERAOERREMAEICHIT T 7T —
ARTZ LA T TFOTIYINES IR DEAMFEIF
ATV HFRE ) —RT 2 RGEAFROERE
BIELTWET,

My research focuses on the sun, solar wind, and solar
storms, using large radio telescopes. | am also working
on space weather forecasting using radio observations,
and am in the process of developing new technologies
for future radio telescopes—such as phased array
antenna systems and digital signal processing—in
leading-edge heliospheric studies.
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Research field and target of division for ionospheric and magneto-
spheric research.

Avo4 7Y (Jt# 782
) ICHDRMNFETHEEL
(EISCAT) L—%—,

The 42-m antenna of the
EISCAT Svalbard radar.

Division for Ionospheric and Magnetospheric Research

The plasma and energy carried from the solar wind to the Earth and
other planets exert physical effects on the magnetosphere and iono-
sphere, called the “geospace.” Some of the effects occur as aurora
at high latitudes and as disturbances in the atmosphere. Conversely,
atmospheric waves propagating from below deposit energy and
momentum in the mesosphere and thermosphere, and therefore affect
the dynamics in the mesosphere, thermosphere, and ionosphere.

We investigate the physical processes of matter and energy trans-
fers from the magnetosphere to the ionosphere and thermo- sphere,
including auroral phenomena, and the vertical coupling from the lower
to upper atmosphere at various latitudes via international cooperations.
To measure the plasma and neutral atmosphere in the geospace, we
operate various instruments, for example, the European Incoherent
Scatter Scientific Association (EIS-CAT) and other types of radars,
GNSS receivers, highly sensitive optical instruments, a powerful lidar,
and instruments onboard satellites/spacecraft, which are developed
in our division. We also lead future space-exploration missions based
on our expertise.

5 AMICBEFEENEZAT—D AVRRIT - ETFVICGPS 7V TF
L—H—&A—07, EHRBELTWSEZ S,

Auroral display together with five  Installation of a GPS antenna at
beams of the sodium LIDAR. Biak, Indonesia.

HRAEFRHERICEZKER
BERFHEICEHINGE
TXRIF—HF DT8R
High-energy particle
instruments for a Mercury
exploration mission based
on an EU-Japan interna-
tional collaboration.

TV =2 —LAICRESN TODHIRRE R
ST - FHEB TS FEHRIZROEIE (KEH).
BE—L71 > aRAWER,

Experimental work in a clean room with
beamline facilities for calibrating onboard
instruments measuring terrestrial/planetary
atmospheric particles and space plasmas.

IR - REBDITAHNZ2FERELE THRETD
ABRBERFEIIAVEREEINICHTILTWL
F9, MERAK 7 ZAVDOMNEEFHEEADIR
H. SIXRILF—RFMR, A—OFFKLRR,
L%, MERROOMBZRERICEH ITZIL
TEENICEAL, AET—YZEENICTHET
5HET. TNSOY IR - BEORIAICEDE
ATWET,

My research is based on demonstrative approaches
to dynamic space plasma phenomena occurring in
near-Earth/planet outer space using innovative instru-
mental developments. The direct observations, e.g.,
of atmospheric plasma energization/outflow to space,
high-energy particle acceleration, auroras, and quanti-
tative data evaluations, are devoted to explaining their
physical mechanisms/processes.

EISCAT L —4—Z%fFDIcBWTILIEEB S E X
SOMEELTVWED, /ILoz—hOLVIC, Fh
UILSAT—SERORAEBEFERL. KB5E
IXIF—EEBRE RS E TTREDHEET-
TWET, EISCAT 7OV %, HADFRLOA
VIN—D 1 ANEUTHEEL. EISCAT RIHEsTE
BEBHTVET,

| study the polar upper atmosphere using multi instru-
ments such as EISCAT radars, a sodium LIDAR, MF, and
meteor radars that are operated at Tromsg, Norway. In
particular, | focus on the vertical coupling process of the
atmosphere and dissipation processes of the solar wind
energy input. | promote the EISCAT international project
as a member of the EISCAT council.

A-—OZERRFEBEATEE, SIRILT—F
THFICEDRIBERD DL ZIRFET D10
1T, BUNSETFHEEL (EISCAT) L—4—7ED
BEERBAEE SRENIATORZETHE,
BERHEEEEAWCERRBREEX - BU -
KEZHLETZEBER7AY 7 UTHE
LTWED,

My research concerns the thermospheric dynamics
associated with the auroral current circuit and ener-
getic-particle precipitation impacts on the atmospheric
minor components using radars, such as the EISCAT
radar, high-sensitivity cameras, optical interferometer,
and instruments on-board satellites. These activities are
encompassed in an international project with research-
ers from Japan, Europe, and the USA.

BEERIDFT BHHEN

Weak emission from the
upper atmosphere (airglow).

BAE - A—ZARZUTFOHEHFRICED<EIL
MEIRT O A RIS RAEBOKRT (A —
ARZUT - AARHICT ),

Installation of a magnetometer at Kakadu,
Australia, for simultaneous observations of
geomagnetic field variations in the northern
and southern hemispheres.

A—FETEEHIRAD GPS ZE>7T. #iIIRDRK
J[DLHTHLBHEZERANTLIENTEXT,
BEEEL. GPS ICE>TREDREEBBENTR
BFHEBDTIH, IOREFBRBODIRICIZIE
BICRICfcoTWET, fhlE I P1VRRY7
BREDFREIFP, JLRRIC GPS ZEMEREBELCE
BEEOMERZLTVET,

Using GPS, which is widely used for car navigation,
the ionosphere corresponding to the top of the Earth’s
atmosphere can be studied. Even though the iono-
sphere causes errors in GPS positioning, the GPS error
is very useful for studies of the ionosphere. | install GPS
receivers not only in equatorial regions, such as Thai-
land and Indonesia, but also at high latitudes to study
the ionosphere.

IAZR—ZADRIELE, HFICERSEILETS
AXDAAVBBREICOVWT, ATHEDT—
SR U IR 2D TWET, Ffe. BEAN - F
NOWEEEBHLEBHS, FERE - R
FAOMAFTOREY. FE@ATRYNT—ID
BEZEELTVWET, BHBICHIEINIEH
SEENE R OB OMBE ICEE LIRS IS RO A
FBHIT>TWED,

My research interests include environmental variations
in geospace, in particular, electromagnetic distur-
bances and changes in the ion composition of plasma. |
analyze satellite data to tackle these research subjects.
In collaboration with domestic and overseas research-
ers, | have also been trying to develop geomagnetic
instruments for satellite and ground observations and to
construct an induction magnetometer network.
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Division for Meteorological and Atmospheric Research

WIREENZERERZIZHRBEG THE HINDKER

HW—DEKETT, KRFDKEIP _BRIERRLBZERE

[EDEFEENSHORERIREMIFT L, KEXIESSIEE
PEKNELT DI ETKOEHAZEZTINETT, K.
REB DAY VKGN SEBERENRD SHERDOEY
EFo>TVWEY, ULNULIDESBARIDOHEDILE IE. MY
BIEDLICXZASNTVWEY, KRPIRDEDILE Z £
DRCERY 2 &l HWHKRIERBEICHIFY 207 5ICK

TONCBEDORED—DTY,

[RRIIARE (S [REZY) D O 5 KIBHZFR Z #HiE
LTWET, SURSTBRPHRALDOBEELBDHEAIC KD
BERIE LAY BREEEYE R E DHEAEDEHAL
FERNRBIRK L — 5 PENT Y > TERAZ BV o ERKEAL
IZRYVIEENMERE DERNFEZBVCRIITTO
VIV DR EIRE DRI D [FH. ERAIERE O EBER T D FE
MEBFHITWET, o, RABHBKENFEZRWNT
BRI L DORBREBICHSERN T — 5 BATICERD A
TED, BEYI2L—YaVICLKRFMAOEREZ B
FABANT =5 EHBEETINDOEEICENZEANTWET,

114 g7FT

BMEM THREH DI VK DIEE .

Millimeter-wave interferometer in operation at the Showa station.

The Earth is the only planet in our solar system that enjoys a diver-
sity of nature and the prosperity of life. The terrestrial atmosphere
plays many important roles. Greenhouse gases, such as water vapor
and carbon dioxide, help maintain the mild climate today. Water vapor
is transformed further into clouds and precipitation and eventually
provides us with the fresh water we all rely on. The stratospheric ozone
protects our lives on Earth from harmful ultraviolet radiation. At the
same time, we should be aware that these atmospheric roles may be
in an unstable balance. Among the most urgent tasks for us to better
confront global environmental problems is to closely monitor the atmo-
sphere using various means of observations and to better understand
the atmosphere.

Our research activities include measuring trace gases, such as
greenhouse gases and ozone-depleting substances, via millimetric
and infrared interferometry; observing clouds and precipitation using
multi-parameter radars and hydrometer videosondes; and analyzing
the properties and behavior of atmospheric aerosols using advanced
techniques, such as aerosol mass spectrometry. We are developing
the instrumental technologies employed in these studies. Other work
includes analyzing satellite data to understand tropical atmospheric
dynamics and developing a strategy to exploit observations to improve

numerical simulations.

IFZAYVILRIFORSEMZE DTS DIchDEE,
Instruments used for analyzing the hygroscopicity of aerosol particles.

SURBEDRARY ML OBAREDRIKEZNS
DEBEZRVWTAV Y EDAKIIMED FOEAK
MEZToTWEY, bl 7ILEyFy - BXK
KEErIRER. FMR - FRFOIEMD, JiigD /Lo —-
. FOLAYREHIR EORGEIBETICRAKEZ
REL. MERSOEEELTHIREEDRST
RELBEBRIZIEEBIBELTVET

My research topics are the observational study of the
temporal and spatial variation of minor constituents
in the middle atmosphere and the development of a
superconducting mm-wave spectrometer to observe
them. We operate spectrometers in Hokkaido, at the
southern end of the South American continent, at the
Syowa station in Antarctica, and at an arctic site in Nor-
way to study the chemical and dynamical processes
occurring at various latitudes on the Earth.

REMDI ) EERCHRIMEDIERAEBICL >
T, HIRAKKOREBPHEBOAY Y PERE
{EMEOMERD OEBRELZRZ. FTORAE
BRICHDANZXLOEPEZBIR U ZED
TWEY, FAROFEZDAUCZBERILRERPAY
VEDREMRIARDOM LM SEAINFTR HESD
TWEY,

My research aims to study the compositional changes
in the middle atmosphere related to environmental
changes using the spectroscopic data obtained with
high-resolution millimeter-wave and infrared spec-
trometers located worldwide. Current topics include
temporal variations in mesospheric nitric oxide and
ozone caused by energetic particle precipitation from
outside the Earth and those of CO, and methane pri-
marily due to increasing anthropogenic emissions.

HIRKRSKHPICEES AV VP —BILIRFREDH
BRI, AR[REOEECHLTYR - bF
NICEZREEZEB>TVEY, ZOLIBMED
Fait EOSEAIT B, BIREEREZAVVIE
BICERELSZERIATLZRARKLTCVWET, &
NIFERERFORIMEILBTHD. FAEICER
BHEREE (M EH 10 km OKK) HERIZE
(100 B FEHMZ2EAFH) ICEDREVDE
TOISAZERELTVET,

My aim is to develop a superconducting receiver
system for the observation of minor atmospheric mole-
cules, such as ozone and carbon monoxide, which play
a major role in environmental phenomena. The technol-
ogy of the detector from the millimeter to terahertz band
is related to the receiver on a radio telescope. My chal-
lenge is to develop a next-generation high sensitivity
detector for observational research in the geosciences,
as well as in astronomy.

RRUTEES BDHHRF (T7OVIL) F BEO%E
P RGADEEICEETSETRRPRIES
BRLTWET, AT 7OVIVEENTER
EDFEMNFEANSFINEA - ERERICK
D, LZEDORRICEDWTZDOERPCEIEZIEET
HIEEBELTWEY, 2L T INSDOEDEA
ZBLCIZOVILERR - [URDBEMROEBEAD
BHzRDET,

Small particles suspended in air (aerosols) relate to
meteorological phenomena and climate through their
influence on cloud formation and the transfer of solar radi-
ation. Through our field and laboratory experiments using
advanced techniques, such as aerosol mass spectrom-
etry, we aim to understand the properties and behavior
of atmospheric aerosols from a chemistry perspective.
We expect the results of these studies to contribute to our
understanding of the relations linking aerosols to meteoro-
logical and climatic processes

HIRDAEICH TR DRI 2EPEKDIRSE
CERRERITHIENS, HIKKUEDRKDIIE
TEDECEBIZEZBIELUTTARZED TN
Yo BAKL—F - XAV ORKEET - S0 EREE
APV T RESKRIBEE LY ERELDD.
BHOLMHIBTHD BN SERKIRTLDH
& - FEBRICKBIEOERNS WEVEIZE o
BHRICEA. RINE - BANERBERDSZD
YIEXN =X LERZBIRELTWET,

My research is aimed at better understanding the Earth’s
climate system with an emphasis on clouds and precip-
itation over the globe. My main topics of interest include
rainfall across the tropics, where aspects of the mech-
anisms governing the behavior of precipitating clouds
have yet to be clarified; | use a suite of multiple satellites
sensors, such as precipitation radars, microwave radi-
ometers, and hyperspectral infrared sounders.

RGO - BE P ER DA REE L TRIE
ICHBERIFTRIFOMAF (TFOVI) =
WRIC, ZDYIE - LZEFIECERZHESHIC
2, L—Y-FEAMELBEZRVAIES
ATLDRFEEIT>TVWET, FILWRAIEFEICEK
DHIRB P ICERZRBRIFTORMNZEMT 2T
ET IZAVILORERZBEDERNIZIBRICE

_ B9 BIEEBIELTWETD,

Atmospheric aerosol particles modulate Earth’s radiation
budget and hydrological cycle by interacting with solar
radiation and through the formation of cloud droplets.
To comprehend physical and chemical properties of
aerosols as well as their behavior, measurement systems
based on advanced techniques, e.g., laser-induced
incandescence, are currently being developed. By
conducting field observations using these measurement
systems, we aim to contribute toward the systematic
understanding of the effects of aerosols on climate.
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WIRERBICEET 2EEEEEIE. KBNMhSOITRILF—
ERINLU, IXRINF—BIOKPZBILKRELREDYERER
EBLU T, WEROKIEY AT LADER EHMFICEERRE %
RIZUTWED, COWRBTIE. HEHISLEBEETO
BEIE LB DARRICRITZIRILF— - KEEEYERE
%, SMATORMERNEZTVDD, 2RERET IATH
EF—IVPASBRAT—F., BETTILEEREL THRE
MICHERZIT> TWET,

BRI IC D W T Id, EVEIED SR Ic E 2 R & it = g
SEU, HIRERBLOCABSEENKES - WEBBICRIFT
HEAEIMIDEEDHIC. TOAANZXLERAT DHREIC
BOBATWET, 7« —JLRERL. SRER. 7— 5@
FUTHEYI2L—ya v B EDHEFEEHAAIEDE.
EBIEICH 1 BB OERERIE, XK -EAERETEI DK
BEBERORA, 7Y TRICHITIE - BACEEOLTEIERE
DR, [URZICEBBRIBEEZILO TR, mBRREICS
T2 BB EDRE R ELSEBMRICIDBATWET,

HEECDOWTIE. BRFOAIFHEICKLZEINYPEIEY S 2
L—>avick2fR%E, BEORBEANLTVEGNSESD
TWET, BEORNIPRN - BRENMASEEEEDLS
ICHEERAL. [EPERBEDIREREED LS ICHEE
LH>TVWBDH, TNICK>TRIZBFEDORNYEG S
ENBEO—REEETCHIEM T 7V NV EEBE LR
BEARRICEDLSICHEZEZ TWDDON, FICERR
MYEBERCKEATET ZAEEREICDVNT, BEWCE
HUESEEOYE - £ - L FBERISICREPERER
EEH. RERNICHEL TWETD,

--*-- =
(a): 1984 ~ 2011 FEZFDAKBEERSBDREIL VR,  (b): 2005 ~
2008 FEZDAKERS (FER ) C[BEELNSORE (BRFHED.
(a): Linear trend in low-level atmospheric circulation during the
summer from 1984 to 2011. (b): Composite of low-level atmospheric
circulation for 2005-2008. (Hiyama et al. 2016, DOI: 10.1088/1748-
9326/11/6/065001)
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Division for Land—Ocean Ecosystem Research

The land research group contributes to advancing our understand-
ing of the mechanisms of how on-going global warming and anthropo-
genic activity influence the terrestrial water cycle and ecosystem. Using
field observations, satellite remote sensing, global meteorological
data analysis, laboratory analysis, and model simulation approaches,
our group works to understand the impact of global warming on hydro-
logical and greenhouse gas cycles in the Arctic region, the dynamics
of the continental scale water cycle, the processes that drive weather
and climate over Asia, the interplay between the terrestrial ecosystem
and the climate, and the detection of early signs of the influence of
global warming in Antarctica.

Ocean research is performed using satellite remote sensing,
numerical simulations, and in-situ observations. We perform synthetic
studies of physical and biogeochemical processes in the ocean and
their interactions with the atmosphere and climate. In particular, we
investigate the manner in which oceanic heat content, circulation, and
surface waves interact with atmospheric environments and how they
are linked to climate and meteorological phenomena such as tropical
cyclones. We also investigate how variations in ocean circulation, mix-
ing processes, and air-sea fluxes influence marine ecosystems where
phytoplankton is a primary producer. Moreover, we are interested in
the possible impact of the marine ecosystem on physical processes
and climate in the ocean and atmosphere.

Iui- 20,2001 |

2000 6B 1 H. 2001 £78B 20 H. 2002 £ 7 A 23 H. 2007 %
6A2HOFEEEDEN U by (F/OO7 1)L a) D5,
Phytoplankton (chlorophyll-a) distribution in Ise Bay on June 1, 2000,
July 20, 2001, July 23, 2002 and June 2, 2007.

Indian Ocean
dipole mode

EVOLICHRITZRABRLEBKDOER,
Studying the permafrost and spring water in Mongolia.

]
_

SEZTEOFZENBEELREBILME YT - £
VO - FPIRAA) ZR/RIC, KBEREBEEMR
K[IEDEREICDWTIHET L TWE T, Future
Earth OERICAS T, BE{LEZFNICEDRRSK-
MEBRREZSHIBRIRIROURICEDLSRFEE
ERIFLTVWRODH, ZUTREZEICEDELSIC
BIGIREMNCDOWT, BHID AL EHICEZ TN
%9,

My research interests are terrestrial water-material
cycles and those changes in the Arctic circumpolar
regions (Siberia, Mongolia, and Alaska). | am also
focusing on social adaptation to the changes of the
permafrost ecosystem under global warming in these
regions. These activities are closely related to the
Future Earth program.

HRLMOEE - KEMBICHISINCGKE - 18
¥ RREESETILORBEICHAMRZEDET,
EAERISOSERS REK - XE2K - EK)
[EDOWTOHERIRE DN - BERMRBITVET,

| have developed a coupled atmosphere—ocean-sur-
face-wave model to investigate environmental problems
and natural disasters in the Asia-Oceania region. |
have also been investigating the dynamics of waves
and eddies in the ocean and atmosphere focusing on
equatorial climate variations.
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Processes associated the coupled ocean model.

KERBHRERFIBEEN -V —ZFALT
I 2T — )L SHIBRIRIR T — JLICE B RRA B R
T TRIZKBEROFREZRAT BMEIC
BOBEATVWEY, Ko, 7Y 7ELUmBZEE
BRI RN L. [UEREEHKBRICKIFT
ANZXLDBREEHIELTWEY, ARFIEE.
FABR, 2D T— Y@ BERRE
HAELETHRLTWET,

Our study aims to improve our understanding of the
water cycle from the local to the global scale. Currently,
we are studying the impacts of climate change on the
hydrological cycle in Asia and the polar region. Our
group is unique because we are applying chemical trac-
ers, such as water isotopes, to hydrometeorology. Our
main analytical methods are field observation, laboratory
analysis, and numerical modeling.

BN SILHE iz, EICTHE EDRRARRFZER
AT —)LDE - BKOZEEE, FDREEHBIRR
BROZENBEZMHAT IH,. FET—5. &
BKASB@ETT—4. RHEHNT— 5B\ THE
LUTWET, InSDOFEEEL THERDTES X
TLADEEABIELTWET,

| am studying cloud/rainfall variability in various
spatiotemporal scales, especially over land from the
tropics to the Arctic region, with great diversity of land
surface conditions, using remote sensing, atmospheric
reanalysis, and in situ observation datasets. | intend to
understand global climate system through my studies.

MELTVET, MAER - REBREBROERY |

DR ABITEZRWT, LR FEFEREBOEERY
HE B SRBENOBRYIMEXN=X L
DRAZEEIRELTNED,

Marine biological processes contribute significantly to
the oceanic absorption of atmospheric CO,. My study
involves the evaluation of spatiotemporal variability in
processes such as carbon fixation by phytoplankton
and sinking of biogenic debris, by using stable isotopes
(3™C and 8'"N) of the marine organic matter.
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Division for Chronological Research
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To achieve a comprehensive understanding of the dynamic systems
that are complexly linked to space, the sun, the Earth, life, and society, we
operate two laboratories for radiocarbon (“C) dating using a Tandetron
accelerator mass spectrometry (AMS laboratory) and the chemical U-Th
total Pb isochron dating using an improved electron probe microanalyzer
(CHIME laboratory). We also conduct interdisciplinary studies in collabo-
ration with researchers in Japan and other countries.

In the AMS laboratory, we measure “C of a wide variety of samples
using a Tandetron accelerator mass spectrometer with a maximum
terminal voltage of 3 MV. We also perform highly accurate '“C dating of
environmental and archaeological materials, cultural property, modern
cultural assets (e.g. ancient text), and on occasion, forensic samples
in compliance with social needs. In the CHIME laboratory, the ages of
various events in the Earth’s history from 4.6 billion years before to millions
of years the Earth’s birth were precisely determined with the Th-U-total-Pb

chemical isochron method. We have also clarified the transition
and formation mechanism of the physical and chem-
ical environments on Earth through petrology
and mineralogy approaches.
We lead the field of geochronology
as a central research and edu-
cation institute and accelerate
efforts toward applying dating
techniques to interdisciplin-
ary fields; exploring the
dynamic properties in the
space—earth environment
from new perspectives
such as dating that uses
cosmogenic  nuclides
with long half-life, e.g.
"Be and %Al, and devel-
oping a CHIME dating
technique for submicron
areas. As one of the core
research and educational insti-
tutions that lead geochronological
research, we will expand our efforts
to develop advanced dating methods,
global environmental research from a new
perspective, analytical methods of cosmic ray
producing isotopes with long half-life (°Be, %Al etc.) and
advanced CHIME dating methods for extremely small areas.

T NAVILRBFEENTTEE,
Tandetron accelerator mass spectrometer.

CO, 58>,
CO, purification line.

CHIME FRUAIEEE,
CHIME dating system.

TIT77AMETA Y,
Graphitization line.

FIFPRXAMIC "EHRMEEER EWSF#HZ
ED2EVWLNTWEY, COXEEESTTZITD
SIERELEOESICDOWT, ERE - Ikl
2. EBREZOF7O-FHSFERLTVWET, R
EEFUCWSERE LR ZIEHEE - TTERE
EEIZAOY O MNOTFITOAALER 7O R
DRENIAZR IOV TV NDERIE. 7Y T7DED
RWBRERIHDTLLD,

Asian people are said to have culturally diverse and toler-
ant traits. We are searching for a common ground of the
natural and cultural history of Asia using chronological,
geochemical, and stratigraphical approaches. On-going
collaborative projects such as the ICDP-Dead Sea Deep
Drilling Project and an integrated research project on the
formative process of modern human cultures in Asia will
offer new insights to understand the culture and environ-
ments in Asia.

BARZNGFEEZRWERS - ZHZHME
EiToTVWEY, BRENOFERE "CERAE
EPEBERREREIHIEICL>THSMIC
L. 528 BRNOERS - EHZ2NMEZHEE
Lfc kT BRZ-EHZNGMEET>TVET,
Ffo, BIWEDOLSICTERIITAREESNTEE
BOERREEZRAT DHITHED TNET,

| conduct historical and archaeological studies using
natural science techniques to shed light on history.
Radiocarbon dating techniques and microscopy are
used in an effort to identify the ages of historical mate-
rials, and historical studies are conducted to determine
the worth of historical materials. We are also working
on developing a technique to date materials such as
bronze artifacts that have traditionally been considered
impossible to date.

XRF F3Hr&iE,
XRF analyzer.

RHEBHIVE ENTEE.
Thermal lonization Mass Spectrometer.

BHEOREZETSHE - BHEER "CERAE
ZBIEL. RAGER (Blba. K. KEE
BE) U, BRRREDERBRETZLD
DIEFIIBEDOREZTO>TVWET, FRIARL
Il AEVHEREEBYZBWChRERIT
©, SHEBRYEBW A NOY F U ABANIAL Y
RIEZERGE, HIKEFARGERIICHEEL
TWET,

| am developing chemical treatment methods for effi-
ciently removing carbon contamination from samples
(e.g., fossil bones, charcoals, and water samples)
to achieve reliable "“C dating of samples. In addition
to C dating, | am involved in paleoenvironmental
studies using isotopes and elemental concentrations in
stalagmite and lake sediments, as well as geochemical
studies; geochemical mapping of strontium isotope
ratios in stream sediments.

| 7% Concurrent Post

bk e CEHR)
BET—I A TV —
(23 BZR)
Takenori Kato
(Associate Professor)

Center for Integrated Data Science
(Refer to page 23)
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FRICIE,. ERBRAER IOV ZLDIIER -HEE, b ELS -1y
N — V8RO, ERNGREACID A THESEAD
S, ERMRES - 7—7YavZOEE. NAEAREED
B, B EERFTEEADORE - KEREDME. M —
IV A-RIGEEBUCRBRER FEORREDENFER. £%
TWEY, INSZEBLT HEFA - HEAFRLSELTHEZ
PEOWMRREEICEMUET, Aty —F. BRGHIERIRE
AEFMDIAANR—AAR Y —DEREE 5 XU %S| EHNT
WET,

ST@GSTEP k=

Schantific Committen on SolarTerrestrisl Physics VarSITl Newsletter

BT T Y- AL TW
% SCOSTEP oOT (k) &, BEE&E
UCEBREERR Y —DRTL
T%fc m:1—7\|/9— (E)o
SCOSTEP Logo and Newsletter
published by ISEE/CICR.
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BEBARAR—Y VT VAT LOBRRFEET—ILREAIDEE,
Stations of the Optical Mesosphere Thermosphere Imagers (OMTIs)
and photos from its field work.
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Center for'International Collaborative Research

The Center for International Collaborative Research (CICR) was
established in October 2015 to promote international collaborative
research for understanding physical mechanisms of the phenomena
occurring in the space-Sun-Earth Environmental System and their
interactions with each other. CICR takes leadership to encourage and
promote internationally coordinated programs, such as those carried
out by SCOSTEP and Future Earth, ground-based observation net-
works, international satellite projects, hosting international workshops
and conferences, international exchange of foreign and Japanese
researchers and students, and capacity building in developing coun-
ties through training courses and schools.

NEANFFLE DB,

Visitors from foreign countries.

FERLEICBHF2EBEAV—ILORE (1VRRIT),
International school in developing countries (Indonesia).

@ EFE70O% 5L International Programs

SCOSTEP/PRESTO 7O 2
SCOSTEP/PRESTO Program
I 2RGHIRRIES DT RRIEEN (PRESTO) (& ISC (EBRFMT
2#) R TOEBER SCOSTEP (KEBHIKRYEZNFEZER)
HET 3 5 NFEEBBRIFR 7O LT,

Predictability of the variable Solar-Terrestrial Coupling (PRESTO) is a 5-year
program of SCOSTEP under ISC.
iLEAPS 70551 &

iLEAPS Program .‘:% llea ps
aERERR—AIIOEAMEE (LEAPS) (F. KREEHO
BRTEUZYEN - (EFHN - EYENRFEBEICOVWTEET L
BN E U ERMREHE T,

Integrated Land Ecosystem - Atmosphere Processes Study (iLEAPS) is an

international research project aimed at understanding biological, chemical,
and physical processes in the land-atmosphere interface.

OSTEP

T

@ E7OY Yk International Project

SuperDARN Jti& - eI HF L —4—
SuperDARN Hokkaido-Rikubetsu HF radar
SuperDARN (S BREEZHEAOEMLR St
7Yz IhTY, KRR EREL—F—
TERICERFTHRES (QUBERERIE) (CREL. ERZT>TL
EER

SuperDARN is an international project for measuring ionospheric electric
fields using multi-point HF radar network. CICR operates two HF radars at
Hokkaido, Japan.

ISEE B AOEtRYNT—7

ISEE Magnetometer Network i
BITAM—A, W5EAE. ELF/ULF % KEEHRRTD -
1eh® 64 Hz > 7L OFBHAEE 1 Hz 07l I
DTZYI AT — Mg TSN DI KER R Y T —0 T,
Multipoint observation network of geomagnetic field variations using 64-Hz
sampling induction coils and 1-Hz sampling fluxgate magnetometers.

EISCAT 7AYx/ k eiien

EISCAT Project {émw EISCAT
LR EISCAT L—¥— 0 ERAEEHT o < Jopan
&b, /I —®EISCAT L—F—H1 KM, ZA45—PMF L—4—
ZEMALT WRBAZEBLTVWED

In this project, EISCAT radar operation and collaborative measurements are
performed using a sodium lidar, an MF radar, and optical instruments in
northern Scandinavia.

PWING 7OY 7 b

PWING Project

R EDT 5K ERERAT B, oy LA
A—AOZH THIRE—FIBLIICRESNCRINEE
HOEBREARY NT—7TY,

Multipoint observation network at eight stations at subauroral latitudes
around the northern polar region to understand particle acceleration and
loss in the inner magnetosphere.

ArCS Il jb’f@iﬁiﬁﬁ%ﬂﬂﬁjﬂ ‘\/\‘17 '\ &II Arctic Challange
Arctic Challenge for Sustainability I Tor Sustainabaity |
JHRFAZEIMETOY 7 (ArCS ) (E, RSO SRIEZEPREZI L.
ENSOIBHAEANDFEESBOARICOWTAR I SERTOT I~
TY, Avy—ld INUFICHITZREMNRIANZ DR ZEL LT
EXCP

Arctic Challenge for Sustainability Il (ArCS 1) is the national flagship project
to promote advanced observation of Arctic environmental change and the
processes, and to assess environmental changes in the Arctic impacting on
the society. CICR is conducting a research to estimate surface fluxes in the
greenhouse gases over Siberia.

EE7O7 540 EEZ7OY 7K International Programs and Projects

IASC Q
International Arctic Science Committee %
IASC (ERItBRIZEESR) . tBROREMRZE —=—
HERICIET BIcehic 1990 FleR U SN BBOEE |ASC
BZHEBTI, Aty —2FBEIT 2@ ILHEEFE. IASC D
TWG(Terrestrial Working Group) ®X>/\—& LT, JtiEEEDHE
DERIVBEROBARZ EAX - H2RZOREM R TIFNICHEL.
ERADARE & DEBECERARDO—EZIE>TVET,

The International Arctic Science Committee (IASC), which was established
in 1990, is a non-governmental organization. Prof. Tetsuya Hiyama is a
member of the TWG (Terrestrial Working Group) of IASC, and is serving to
promote scientific activities internationally on the Arctic circum-polar hydro-
logical systems and the human-nature perspectives in the Arctic region

BEBRRAA—IVTIRTLA

Optical Mesosphere Thermosphere Imagers

=& 80-300 km DHfEE - #E - BEEE THILIT IR
BAKAEPA—OZZEAT 2/c0ic, HREMICERS
NI PERAEEREE T,

Multipoint observation network of airglow and aurora using optical instru-
ments from northern arctic to the equatorial latitudes.

ISEE VLF/ELF xy~hT—72 Ee———
ISEE VLF/ELF Network .

VLF/ELF BOBAEBRZER T 2lchic. hFFP
AAGEICERE SN 20-100 kHz > 7ILDIL—7
TUTFEECRER SN EERIRY ND—0 T,
Multipoint observation network of VLF/ELF radio
waves using 20-100-kHz sampling loop antennas.

tilE - KR —tEE—RL—A)IRICHIFTEK - YE @
[

BBOBEEZE ,
PAWCs: Pan-Arctic Water-Carbon Cycles R
PAWCs 7Oy 7 M3, JUEKIENE KRR EERICANGDIS,
BEDSTEICESIRT —BEIHKEROREBES Z@ETL. RIEESR
DIEEREERAREDORER LS = EETHH I 6 LZ2BNELTVET,
Ffe. BEVRIAEOKHE - WNEORZEBEEZHSHMCL, [EEFH
DIEEMHERICE T2 EEBFEELTWET,

The purpose of the PAWCs project is to integrate atmospheric- terrestrial
water and carbon cycles in the pan-Arctic region. We firstly integrate atmo-
spheric- and terrestrial-water cycle models which can calculate spatiotem-
poral variations in the water cycle over the Arctic and pan-Arctic regions.
We finally produce spatiotemporal maps of water-covered area, vegetation
condition, and fluxes of greenhouse gases in the regions.

EREOS7AE - BRSO ELAZELYY BELM#ENT
TV F O R U M
HYdrology, PErmafrost and resilience in HYPE-ERAS
Eastern Russian Arctic and Subarctic (HYPE-ERAS)
Aox—FY - AV7 - BRORFRMGE LA AFRE TRBES . N
EVh - TA—SLOTOYIRTY, OVF7ERY/\HEMEDIT—IR
WE—EEBIT, RUBRZEIN RO 7 IE - BRALRIgICE 1755013k e
KARTTRRICKITTHEZBZRNICERL, HiEtROLY TV A
HICETARRBERZAIE T B EZBNELTNET,

One of the JST Belmont Forum project, which aiming to synthesize environ-
mental and societal knowledge to answer the needs of federal, republic,
and local stakeholders and enhance resilience of infrastructure, human,
social and cultural capital in changing conditions of Eastern Russian Arctic
and subarctic region — Republic of Sakha (Yakutia) through collaboration of
natural and social scientists from Japan, Russian Federation and Sweden.
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EERAY =)L N\L—=>%'3—2X International Schools and Training Courses

UNESCO-IHP hL—=y#3—2Z B oo SCOSTEP/ISWI EKER Y —)L _
UNESCO-IHP Training Course ~~  —== = Tralning Caurse SCOSTEP/ISWI International School

222 EBASCEE B (UNESCOHP) 0iEBo—BeLT, Fu7  On Space Science

HEENSHHEEZZ I AN, KCRCETEM - BiRiies ey ABRXRNZEMATEXERLCEFMAEOERNFARZEEL
DHMEDI—REEHLTWET, T, EHER SCOSTEP &BALTHER LETHRELTWSERA Y —
CICR conducts a two-weeks training course every year to teach observa- LTd,

tional methods and analytical techniques in hydrology. The course is a part  International school on space science for developing countries operated by
of activities in the UNESCO International Hydrological Programme (IHP). SCOSTEP and ISWI.

EFREEMR Y —Cld. BFEERIPN. ERERIR. SLERR. BESERMO 4 Az 2E
ICBEL. KERPHEKZER., BEBAIEHOEIZIT>TVWET,

The Center for International Collaborative Research has four observatories in Japan—Moshiri, Rikubetsu, Fuiji,
and Kagoshima—to make continuous measurements of the solar wind, geomagnetic field, and upper atmosphere.

I BREOHLANTA MA—FEANT, BUWESERICRKET
B Bglm BEBEA—OZDEHNET>TWET, 5. 7ovIAT—hK
Whst, 1> 502 a BNtz BWHHIRZ O, KE)L—
7 T FTEERE® (ELF/VLF) ERBEORAZIToTWEY, IhoDBRSBIREDERRIT—
HiF TFERR) ZM2HOOERNLBEREUTENSINTVET,

We observed low-latitude auroras several times at Moshiri Observatory associated with great magnetic storms

Moshiri Observatiry

using optical instruments. We measure geomagnetic variations using fluxgate and induction magnetometers and
record ELF/VLF radio wave emissions using a 43-m-loop antenna. The data thus collected have been made avail-
able to the scientific community to study space weather around the Earth. T EELAIFT Moshiri Observatory

128381l BeREUAIRTIE, JbBEREBICAIE L. BERIRT
EERE=R A D TOKROFEHMIRRIFE, D2REEHH%E
URBEMEAEHEBTEDZ G, RIAE - £5
R SURDOANREBEZRAVCHRBEAY VPREENREHAAZEORSHER D DO
. 2K CCD WAZ-BRENKE - ARV A —OTOMRZT>TVET,
Fieo BRFTHSHK 15 km BN /oRY MAMX TIE2 5O KGR L —F—HER
BUCEHBOWREIT>TWEYT, A—0OF ERSBOEANT—FIE1VF—xRY
REBELTEHERICEREINTVETY, o, EVEBEMERAEOATERNIZ. X
SHERZEREDHDRY ~NT—2 (NDACC) P2EBRFZEATLERRY NT—T  EERIEHIFT Rikubetsu Observatory
(TCCON) BREDEBHRERRY N T—0D—BELTEERKREERIZLTVET,

The Rikubetsu Observatory is located on the eastern part of Hokkaido. The observatory is jointly operated with National Institute for Environ-

mental Studies (NIES) at the 2nd floor of Rikubetsu Space Earth Science Museum. From this observatory, we study minor constituents of the
atmosphere related to stratospheric ozone depletion and greenhouse effect using radio, infrared, and optical spectrometers; low-altitude auroral
phenomena and atmospheric gravity waves using high-sensitivity all-sky cameras, meridian-scanning photometers, and magnetometers. We
operate two superDARN HF radars (Hokkaido-Rikubetsu HF radars) in Pontomamu area, 15 km northwest of the observatory main building, to
study the ionospheric phenomena. The observed data are distributed to the collaborators via internet. The collaborative observations of atmo-
sphere with NIES play an important role in the international observing networks such as Network for the Detection of Atmospheric Composition
Change (NDACC) and Total Carbon Column Observing Network (TCCON).

Rikubetsu Observatiry

ma&%%tmaﬁwziﬁﬁl B (F2) &U‘Eﬁ%ﬁﬂﬁ:m
DL DARBERAIREER (F) I, %n%n%@zooo m?
0)9'Jy9“—i/\7m7}§ﬁﬁﬂfiﬁojci HERED
BEINTWLWEY, zne%&tﬁ‘tfﬂ 3327 MHz [EB T2 REEFROKREREE YV FL—aVvamRET ﬁJET%i@*@ 2)1
/\”*uztéb [CKBIDERERBFENZRESNTVWT, INSDOEBEZRAWTCKEBREDEAINERINTNETD,

Fuji (left) and Kiso (right) observatories, which
are located at skirt areas of Mt. Fuji and Mt. Ontake, §
respectively, are equipped with large radio tele- :
scopes, each of which has a about 2,000 m? cylin-
drical parabolic reflector. These telescopes enable
high-sensitivity measurements of interplanetary scin-
tillation for radio sources at 327 MHz. Another radio
telescope with a larger aperture was constructed at
Toyokawa observatory. These systems have been
used to perform solar wind observations.

FUJI Observatory and Solar Wind Observation Facilities

ETEBFT Fuji Observatory ABEAIFESR Kiso Observatory
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IR FNEHORE KILDEL BT 25 B B8
EE EEIAJFE —, evs — ==

Tk, ftKZEEHRTELF/VLF EiRERIH#ER.
WHEH, RRIEERAATBEICLZERZERL.
BEEAR. BHE. HRKIGEOBILBROMAZITOTVET,

Kagoshima Observatory is in the southern edge of Kyushu Island near the active Sakurajima
volcano. An additional remore station is operated at Sataj about F 18 E AR oA
70 km south of the Kagoshima Observatory. Observations of EEIEEE PR,
the ionosphere and the upper atmosphere have been carried Kagoshima Observatory and
out at these two stations. the Sakurajima volcano.

Kagoshima Observatiry

BREAATVCHE NG BERZEREZRAFKLT
BEOA—OF, HER. EROEE. FEE
PRETHEZREAKI S Z. LBE DS TREE
FTHRZM T/ O—/VLICERL, ATHEP
ERFERAT—YaVHRAT S MIREIOFEH
EETIAVEBRBERARDOEES T DIFRE
EHBAULEBHSHRELTWET, 2019 F7 A
5 SCOSTEP O&RZHBHTWET,

My research focuses on the upper atmosphere and
geospace around the Earth, based on ground-based
optical and electromagnetic instruments combined
with satellite data. We have various ground-based sta-
tions from the northern arctic to the Asian and African
equator and carry out international collaborative
research. Serving as the SCOSTEP President since
July 2019.

SE#90-1,000 km OEEN EADHKE
RUOTAHORIENSKRARE TEEEZ T TE
B BKRFICOVWT, dBBERERIATICEREBLE 2
EOXBREEL—YV— %250 RNTEAR
SuperDARN ZRWTZOZEHBRZH LT
F¥9, EEOENROL -5 —DREEE.
SuperDARN REEEERBOEER KOERE
TS EPS QEREREBHTNET,

My main scientific interest is the dynamics of the ion-
osphere affected by various regions such as the sun,
solar wind, magnetosphere, and neutral atmosphere. |
am the Principal Investigator of the Super Dual Auroral
Radar Network (SuperDARN) Hokkaido Pair of radars, to
investigate ionospheric dynamics in collaboration with
other instruments. | am also a Vice Chair of SuperDARN
Executive Council and a vice Editor-in-Chief of Earth,
Planets and Space journal.

| #F7# Concurrent Post

SEEOEM TSI N DENER, EICFEEISD
YE—hEY YT ZFIALTHFTLTWED, 1B
MTSV TNV IGBEEECREZFOMERRIC
EET, FREBEDEBEZEIIIEHHDE
T VE— My o7 ORI EREERRALR
Mo, BREIBEADABES PRBEEBDE
ZICDOWTHERLTWETY,

| am studying phytoplankton dynamics in the ocean
using remote sensing from space. Phytoplankton
dynamics is important for fish production and cycle of
materials such as carbon and sometimes causes prob-
lems such as red tide. | am studying the human and
climate impacts on phytoplankton near Japanese coast,
solving the technical problems of remote sensing.

WBE&LOEHBEYEZZSMEL. VLF/ELF
FOM EFRACHET —F2AVWT TIAVHK
BOYENEE PREN TR EROMTRZEL
TWET, ARV MRITPHEEHRITD S, IR
DT AR FPRBREOEBEZHELTNE
9o VERSIM JZ2 =74 DAVIN=THD, Jv—
FILOSTDHEBHERETEHDET,

My research interests are in magnetospheric and
ionospheric physics. | use VLF/ELF ground-based
receivers and satellite data to study the physical
properties of waves and the effects of wave-particle
interactions. From case studies and statistical analysis,
| aim for a better understanding of near-Earth particle
and wave environments. I'm an active member of the
VERSIM community and co-founder of their Journal
Club.

Bt = (IR KEF (?ﬁ(ﬁ) BEER G Bl TR (D) R (FR) Eﬁ‘?% Bl CHzR) EAE EE (EHR)

KIGETFTER [EKSIAFER S[UERKRTIAFTER e F A RETITER FACRIEMFTER BB BRI
(7B8ZR) (11 BZ2HR) (11 B5Z&H8.) (13 BZER) (15 5ZH8) 9O BZR) (13BZHR)
Munetoshi Tokumaru Akira Mizuno Michihiro Mochida Tetsuya Hiyama Masayo Minami Satonori Nozawa Naoyuki Kurita
(Professor) (Professor) (Professor) (Professor) (Professor) (Associate Professor) (Associate Professor)
Div. Heliospheric Research  Div. Meteorological and Div. Meteorological and Div. Land-Ocean Div. Chronological Research  Div. lonospheric and Div. Land-Ocean
(Refer to page 7) Atmospheric Research Atmospheric Research Ecosystem Research (Refer to page 15) Magnetospheric Research Ecosystem Research

(Refer to page 11) (Refer to page 11) (Refer to page 13) (Refer to page 9) (Refer to page 13)
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Shinsuke Imada Hatsuki Fujinami Hiroaki Menjo
(Lecturer) (Lecturer) (Assistant Professor)
Div. Integrated Studies Div. Land—-Ocean Div. Cosmic-Ray
(Refer to page 3) Ecosystem Research Research 19
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Center for Integrated Data Science

BET—ITAIVREYY—d. FEHIIREREICETZAR
BF =Y DB R OEIENAIVE 12—V 32—y 3> (I
EOLL FEABHRIATAOBSERMREZRIRT 2/2HDE
BEEROFRRMEETSIEZBNELTREBESNE U,

AEVy—Tld, FHMIKREMRRFAOWHRR - tvy—&
HALT. BAADOKZEPHREEEE L RLBTOY
FEEBELTWEYD, R, BT —F@TeIIal—y3 >0
DY TR T T T RF. BABRT —IN—AEBER VKRR
BRBEOE ML INSEFE S iEN AR AR ETEDH TNE
9o Ky —Tld BRIEHEOT—IZHELIcRETS
CETRIZRBEILAL TV ZEZEERLTED. FIZIEFHEM
BB RN EENICHELTWS BT — 5Py 3,
L—yayvr—45&. tOMBREBICI > TIREINSRAGSE
DT — YA B DR BMREDREHFEREZTOTVET, X
fo. METF—INOEHENRRTI L ADRIEEFBERET D
&, T—% DOl D EHEHELTNET,

INESDEMEAELT, HieT— P11y —d, §
B2 =T OMEERREFEE IOV S ORRIEKICERU
TWEFET,

The Hinode satellite.

JOFESERHO 3 XRTTMHD ¥2a2L—Y3,
3D MHD Simulation of a coronal mass ejection.
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ERBRETIL CReSS IcLD
BRDYIaL—Y3,

Simulation of a typhoon with the
Cloud Resolving Strom Simulator
(CReSS).

The purpose of the Center for Integrated Data Science (CIDAS) is
to construct infrastructure and conduct research and development to
realize cutting-edge science for space and solar-terrestrial systems
through integrated analyses using various types of observation data
and advanced computer simulations.

CIDAS operates multiple projects in cooperation with the research
divisions and the centers of the Institute for Space-Earth Environmen-
tal Research (ISEE), as well as other universities and institutes. Inte-
grated studies using both observations and simulations are essential
to increasing scientific knowledge. For these studies, CIDAS develops
various software, databases, and high-performance computing
facilities and provides them to researchers across the world as joint
research programs of ISEE. CIDAS mints DOls for ISEE research data
to ensure permanent accessiblity and promote reusability of the data.

CIDAS also contributes to building facilities for the research com-
munity and facilitating scientific achievement through community
projects.

© ERG science team

IAIR—ZGEEFE "H5F (ERG) 1,
The Arase (ERG) satellite.

EAHFHRSFRATL (SUSANOO) 123
PN IEDEETEA

Operations and Observations (SUSANOO).

Simulation of the heliosphere with the Space-weath-
er-forecast-Usable System Anchored by Numerical

HEFIA - LFEAROHEE : SHEAIBLRERE. F—IN—RMERLRME. EHEAY HPGHERSEEMR IOV T/

Collaborative Research Projects : Computer Simulation, Database Development, and Computer Science with High-Performance

Computing in Nagoya University

FIA - FRADOHREEHALT. BEEXPBERESR V5 —
DRA—/—OvE1—4EBWFHEBIRRRIZICETS 5tE
A BERE, RO\ GEYH FICRBINAELSERIE
BICL > THE SN LB LHFEDT —IN—ADEFEETS T —
FINR—ZVEFELEIFE) D 2 DOHRFRBELZHELTLET,
e, BHRER VY —SEEHB AL A=/ 1 —5%F
I8 ERE HPC STERFEEMFR 7OV VMNEERL
TWEY,
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KH S@o 2 k7T

KEZLF7D 3 k3t MHD
vZal—33Y, TIVYVIal—y3ay,

3D MHD simulation of a 2D Vlasov simulation of a
solar flare. KH vortex.

Two collaborative research projects, computer simulation on
Space-Earth environmental research using supercomputer systems
at the Information Technology Center (ITC) in Nagoya University and
various ground datasets and in-situ satellite observations, are con-
ducted in collaboration with researchers in ISEE and other research
institutes. A Collaborative Research Project on Computer Science with
High-Performance Computing in Nagoya University is also conducted
in cooperation with ITC.
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BEBAKAA—IVIIRT BRSSP VLF 87— 5 R—X,
LT —HIR—2Z, Kagoshima VLF database.

Optical Mesosphere Thermo-

sphere Imager (OMTI) database.

ODTHAIVAEYY— (BLXRXERD JAXAFHHMZMRREOEATOI L IK)
Hinode Science Center (in collaboration with National Astronomical Observatory of Japan and

Japan Aerospace Exploration Agency)

BHENEZRGEIGE 00T, OBBET—4%FEL
TERKBREEZDIH DT —IR—IA R OMRITERE DR fH %,
TARXEBEOHFE IOV REUTHEELTWET,

OO THENERUCKGBIBORESHEE OOTHEICLDIRSN
EWARRIEIS, ABD X #RE &,

Magnetic landscape at the Sun's polar X-ray image of the Sun
region found by Hinode. taken by Hinode.

ISEE, Nagoya University and Hinode Science Project, and the National
Astronomical Observatory of Japan (NOAJ) conduct the joint-operation
of the Hinode Science Center at Nagoya (HSC@Nagoya). This center is
built as a back-up site for the Hinode Science Center at NAOJ (HSC@
NAQOJ) and is a leading site for developing new research fields in terms
of Hinode and the database developed by the ISEE.

KEIOF+ (k) cBBE
(&) D 3 RITeEST MHD
VZal—yavo L
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Top and side views of
the 3D radiative MHD
simulation of solar corona
(left) and transition
region (right).
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ERG Science Center (in collaboration with Japan Aerospace Exploration Agency)
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The ERG Science Center is operated by the collaboration of Institute
of Space and Astronautical Science (ISAS), Japan Aero- space Explo-
ration Agency (JAXA), and ISEE, Nagoya University as a Joint Research
Center for Space Science. The science center archives data related to
the Arase (ERG) project, releases the data to the public, develops the
integrated analysis tools for the data, and promotes studies related to
the Arase project.

BT — LBV T —YBITO6, ThH5, BEPEER

T EY IR ROBMANBROBHRESEADERE, TIAYD
- | EESTEEROZ ORHE,

Examples of data analyses. (left) Projection of a satellite
) Orbit along magnetic field lines into the ionosphere. (right)
Velocity distribution function of plasmas.

21



HRF—5tEr5— (FHR)

WDCCR (World Data Center for Cosmic Rays)
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The World Data Center for
Cosmic Rays (WDCCR) was
established in 1957 as a part of
the activity of the International
Geophysical Year (IGY) held in
1957-58, and then was moved
to ISEE (formerly STEL), Nagoya
University, in 1991 to provide a
database of cosmic-ray neutron
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The Inter-university Upper
Atmosphere Global Observation
(IUGONET)

aged in collaboration with five

Network is man-

Japanese universities/institutes
including ISEE to develop a meta-
data database of observational
data and iUgonet Data Analysis
Software (UDAS).
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CIDAS Supercomputer System
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The CIDAS supercomputer system is operated for integrated data analysis of sat-ellite/

observations in a unified formats.

#HUTWED,
W
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FHEHR WDC 70w ko,
Example of WDCCR data plots.

UDAS Z B\t o,
Example of data analysis with UDAS.

EMRKTETIL Cloud Resolving Storm Simulator (CReSS) DBFEFIFAE

Cloud Resolving Storm Simulator (CReSS)
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Simulated snow clouds over
the Sea of Japan.

BRINFEERR.

Simulation of Typhoon Vera (1959).

CReSS is a cloud-resolving numerical model developed at Nagoya
University from scratch starting in 1998. It has the capability to simu-
late various types of weather systems. Using CReSS, daily simulation
experiments are performed at our institute and the results can be
viewed on our website.

CReSS & BRENICEPRNE S IEIL TR
Heavy rainfall-producing convective system simulated
by CReSS.
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Chemical U-Th Total Pb Isochron Method
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Monte Carlo simulations of the electron-solid interaction are made
to improve the quantitative electron probe microanalysis (EPMA),
including Chemical U-Th-total Pb Isochron Method (CHIME) dating
in the U-Th-Pb system. The simulations are also applied to develop
analytical techniques for EPMA.

ground observation of the Sun and Terrestrial magnetosphere and for advanced data
science and computer simulation of Space-Earth environmental system. More than 200
researchers/students in Japan and overseas are registered as users of the system and

data analyses related to the Hinode Science Center and ERG/Arase Science Center, data
science such as machine learning and data assimilation as well as computer simulation

studies based on high-performance computing are conducted.
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| have studied geospace dynamics using integrated
analyses with data analyses on satellite observations
and ground-based observations as well as computer
simulations. | joined the geospace exploration project
Arase (ERG) as the project scientist and have worked at
the Arase science center as the manager. | am serving
as an Editor of Annales Geophysicae of the European
Geoscience Union and a Bureau member of SCOSTEP.
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The Chemical U -Th- total Pb Isochron Method (CHIME)
is the prevailing chemical dating method for U-Th bear-
ing minerals. It achieves nondestructive microvolume
analyses using EPMA. Monte Carlo simulation is an
important method to improve analytical conditions and
develop new techniques.
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Kazuhisa Tsuboki
Professor
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Takayuki Umeda
Associate Professor

CIDAS Z—/X—a>vEa2—%93 T,
The CIDAS supercomputer system.
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With the development of a cloud-resolving model, we
can study the mechanisms of severe weather systems,
such as cumulonimbus clouds, mesoscale convective
systems, tropical cyclones, and tornadoes. The mech-
anisms of tropical cyclones and their future changes
with climate change are also important research top-
ics. Field observations using balloons and radars are
performed to study the above objectives. We perform
aircraft observations of tropical cyclones since 2016.
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| study basic space plasma processes via theoretical
analyses and computer simulations and develop various
numerical simulation techniques from fluid dynamics
to particle kinetics. My interests are in computational
science, especially high perfor- mance computing and
determining specifications of supercomputer systems.
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Center for Orbital and Suborbital Observations
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Since ISEE investigates natural phenomena over a wide range from
the Earth's surface to outer space, Center for Orbital and Suborbital
Observations (COSO) is expected to perform empirical and advanced
research by observations. In particular, collaborations between indus-
try, academia, and the government have led to remarkable techno-
logical developments in observations by aircraft, balloons, sounding
rockets, and spacecrafts.

We develop and implement innovative observation projects for
orbital and suborbital observations and promote techno logical
developments in these fields. COSO will play a key role in aircraft
observation in Japan and promote aircraft observations of the Earth in
cooperation with other organizations.

We also investigate and promote the future space exploration
missions in collaboration with institutions in Japan as well as overseas
to gain new insights of the physical phenomena.

Establishment of a Central Base for Aircraft Observations in Japan
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We plan to establish a central base for aircraft observations at this
center that will lead aircraft observations in Japan by taking advan-
tages of immediate or direct measurements. In particular, aircraft
observations are highly promising for studies of the greenhouse
gases, aerosols and their interaction with clouds, and typhoons.

MZERRICLDERBEAD I A—IH,
Observation of typhoons by aircraft.

RMERAZS5TERADTFN - BAZFH - BYEFNESOERVEMN

Dynamic, Thermodynamic, and Cloud-microphysical Studies of Violent Winds and Heavy
Rain-producing Tropical Cyclones: Quantitative Improvement of Intensity Estimations and Forecasts
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As shown in the figure below, we use an aircraft to observe
typhoons. Dropsondes released from the aircraft measure the tem-
perature, humidity, pressure, and wind in the region around the center
of a typhoon. The dropsonde data are incorporated into the numer-
ical cloud-resolving model developed at Nagoya University, Japan.
We are trying to accurately estimate and forecast the intensity of a
typhoon and its track. Furthermore, we use a ground-based balloon
with a microscope camera, X-band precipitation radar, Ka-band cloud
radar, aerosol sonde, and a drone to observe the typhoon, associated
clouds, and precipitation. After the test flight in 2016, we perform
aircraft observation of typhoons. The main target area of our observa-
tions is to the south of Okinawa, Japan, where typhoons often change
direction.

MEICLDERDEUADERR, HFORNEMEENSOROYTY VT
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Flight plan for dropsonde observations. Closed circles indicate the drop-
sonde launch positions.
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Investigation and Development of a Common Bus System for Compact Satellites for Space

Exploration Missions
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Conceptual configuration of a
100-200 kg class compact
satellite with a common bus
system for future space explo-
ration missions with a model
payload.

To lead space exploration missions in future demonstrative space
sciences, we are investigating and developing common bus systems
for the 100-200 kg class compact satellites. Through our collaboration
with a manufacturer with technical expertise of developing scientific
instruments for many previous Japanese space exploration missions,
we have been working on the following areas together with science and
engineering researchers in Institute of Space and Astronautical Science
of Japan Aerospace Exploration Agency:

1. selecting components for a common bus used for telemetry commu-
nications, power, and satellite attitude control;

2. developing basic designs for the mechanical configuration of satel-
lites;

3. developing conceptual designs for an onboard propulsion system for
satellite attitude and orbit controls;

4. investigating launch configurations for the insertion of a model sci-
ence mission into a targeted orbit;

5. estimating and taking countermeasures of radiation dose experi-
enced by satellite common bus systems in space.

We are integrating investigations in different fields and developing
new types of common bus systems for satellites for advanced science
observations. This work will allow us to satisfy the requirements for
installing antennas and an onboard mast as well as to realize re-orbiting
procedures, like perigee increases and changes to the formation flight
configuration, and precise attitude controls.
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Development of 50-kg-Class, Micro-Satellite ChubuSat
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Microsatellites are expected to enable
verification of instruments based on chal-
lenging technologies and to create new
industrial applications of satellites, which will
stimulate aerospace industry in the Chubu
(central Japan) region. The second satellite
whose mission includes observations of solar
neutrons is launched in February 17, 2016.
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(JAXA 12ft)
ChubuSat-2 attached to the rocket. (Credit: JAXA.)

Development of Integrated Circuits for Instrument for Orbital and Suborbital Observations
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One of the common issues in orbital and suborbital observations
is reducing power consumption of electronics. This center has been
developing multichannel and low-power integrated circuits with high
functionalities. Our integrated circuits have been used in the Hitomi
X-ray satellite, solar flare observation rocket and balloon experiments,
FOXSI and GRIPS, and the Arase (ERG) geospace exploration
satellite. Currently, we are developing low-power and high-speed
integrated circuits for photon sensors.
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Photos of semiconductor sensors with integrated circuits developed by this center. From left, sensors for Hard X-ray Imager and Soft Gamma-ray
Detector onboard the Hitomi satellite (Credit: ISAS/JAXA), hard X-ray imager of FOXSI (Credit: SSL/UC Berkeley), and High-Energy Particle instru-

ment for electrons onboard the Arase (ERG) satellite (Credit: ISAS/JAXA).
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Earth Observation Satellites
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X-band polarimetric radar.
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My research is mainly in meteorological studies using
spaceborne/ground-based radars including algorithm
studies relating to satellite missions, such as Phased
Array Weather Radar and Precipitation radar onboard
TRMM and GPM.
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Our research targets are the formation and develop-
ment processes of cloud and precipitation systems;
including particle distributions (cloud microphysics)
and wind fields (cloud dynamics) in a cumulonimbus
cloud, Baiu frontal systems, and typhoons. To clarify
these phenomena, we use X- and Ka-band polarimetric
Doppler radars, hydrometeor videosondes, and a

Ka- \VREL—%,

Ka-band cloud radar.
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We are conducting research on remote
sensing of the oceans and cloud-precip-
itation systems using Earth observation
satellites. For remote sensing of ocean
color, we gather data from the GCOM-C
satellite, and to conduct assimilation study
of sea surface temperature using Himawari-8
satellite. We have developed and released
the third-generation dataset, J-OFUROS3, of
the global thermal, momentum, and fresh-
water flux between the atmosphere and the
ocean. We have begun studying the ocean
surface wind using NASA's CYGNSS, which
provides very frequent observations. For
our cloud-precipitation research, we are

validating precipitation retrieval algorithms
using radars onboard TMM and GPM and
investigating future precipitation observation
satellites.
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Roadmap of the spaceborme precipitation
radar mission.

cloud-resolving model (CReSS).
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| am investigating origins, acceleration mechanisms,
and propagation of cosmic rays, and search for
gamma-ray signals from dark matter by development
of semiconductor sensors and integrated circuits for
gamma-ray instruments such as Fermi satellite and
Cherenkov Telescope Array and their data analysis. |
am also developing microsatellites to stimulate satellite
applications.
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Project for Solar-Terrestrial Climate Research
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Solar activity, which corresponds to the sunspot number, shows not only an 11-year
cycle but also longer cycles ranging from decades to several thousand years. The years
between the 1650s and the 1700s are well known as the Maunder Minimum, during which
the sunspot number was significantly small and the terrestrial climate was reported to
have fallen into the so-called Little Ice Age. Many researchers have reported that long-
term solar activity may be one of the reasons for natural climate variability. However, the
physical processes by which solar activity affects terrestrial climate variations is not very
clear. Most researchers have postulated that solar activity may be shifting back into a
quiet phase in the near future. Therefore, revealing how solar activity affects the terrestrial
environment in the 21st century is an important issue both scientifically and socially.

E.1I70Y)iEE
Project for Aerosol and Cloud Formation

E-BAAFEITZOVILIBEWCEZICERLTED, KRFOKBEREY
HEROBENZICEWTEELRRE ZH->-TWET, ZOREME CIEFT7OY
IS E SSICEKNFORR. B - BAERICHESIZTZOVILOES, & -
I7ZAVILERFEDHEERBZEICDVWT, ENER. 7« —JLREA., RO
BEYIAL—YavVIcEDAEEERLET, 7 —/L RERITIREEH
HELYY—EHBA LT, MEHE. BMEZRSHLLRIK RKORO—ViEER
BWT, ARBEDEKIYZATLADBEERAZERELET, SSICENOFARIC
EOWT, BRADBEZLDERBEICYIaL—Y3a Yy TELETIL (CReSS)
ZRFEL. AEOEICHITZIFAOVILOA VY NORRAEZBEIELEY,

Hydrometeors and aerosols closely interact with each other in generation and dissipa-
tion and play important roles in the atmospheric water circulation and the earth radiation
budget. They are, however, one of the most unknown quantities in the atmosphere. This
project studies the interaction between aerosols and hydrometeors, their variations in the
formation of precipitation, and cloud-aerosol-radiation interaction using laboratory experi-
ments, field observations, and numerical simulations. On the basis of field observations,
the numerical model will be improved for quantitative simulation of cloud and aerosol
processes. In cooperation with the Center for Orbital and Suborbital Observations, this
project will make in situ observations of typhoons using an aircraft, balloons, and drones.
These results will be used to improve the cloud-resolving model (CReSS) and the impact
of aerosols on typhoon clouds will be studied.
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IRV AT LAETIVIC LD KERIEREER,
Future projections of Solar-Terrestrial Climate
using Earth system models.

BEAOOFEBDOKRGERBDE,
Sunspot number variations in the past 400 years.

4 I“*

e LI g
BEMREERLUCRIKICLDERDOEOE A BIKRE R
(kX)) /BonfcERF (TR) DB,

A balloon observation of typhoon clouds. Launch-

ing the balloon (above panel) and observed hydro-
meteors (below panel).

ARRTFXVHEEBE

Project for Interaction of Neutral and Plasma Atmospheres

HWHRORZD LB TH2BREARIE. BRETVT
TIAVREIC>THED, KFEREPHEIEDE IR
HI2ENS5DIRILF—RAL, BRAPEILERED
SHETEIATKEBE U TEIRL T B TS5 DNEN
BRIRIIF—RADOMS DEMBELFERAORER. KA
BREEBMNSIZRIESNTVWEY, LFEHISP-TL
PEIRINF—TIAVIEHIRORKICHED FE, A —
ASPEBEEBRIONT - (LEZEHZRI T B EMIRD
REICEEZS5Z2F T, 5. #HEKERAEEDRE
NRS[BEZEIE, BREBARICKDEZICZORENIE
NBZENFRENTED, TORIETTANYDKRL
BEEBREZHASNMCTZIENBEELEINTVEY,

Solar ultraviolet emission partially ionizes the Earth’s atmo-
sphere, forming the ionosphere. lonospheric plasma affects
human activities in space, such as radio communications and
GPS positioning. lonospheric variations are caused by energy
inputs from above and below, i.e., solar flares and geomag-
netic disturbances from space as well as waves in the neutral
atmosphere from the troposphere and middle atmosphere.
This project investigates the interaction of neutral and plasma
components of the Earth’s atmosphere using various ground
remote sensing techniques and in situ satellite measurements,
as well as global and regional high-resolution modeling of the
neutral-plasma interaction, and contributes to the reliable use
of space by human beings.

FHIMIRERIEZE TR

ARET AR DIEEBET
BIDRABRRE. ZNE5E
' REDEFE DD,
Various phenomena occur-
ring through interaction of
neutral and plasma atmo-
spheres and their possible
impact on human life.

BIHOREICHZA—ATERTET  BHEM TRETOIVED Kt FELHSPo>TL

BBIRIF—TIANTEIERIENZBEEAR
The northern lights (auroras) are DAYV PERRCYOELEEALET,

caused by precipitation of high Millimeter-wave spectroscopic radiometer to measure
energy plasma to the Earth’s atmo- variation of ozone and nitric oxides in the upper atmo-
sphere. sphere caused by high-energy plasma precipitation.

SAYNERLTRRIDE,

Project for Space—Earth Environmental Prediction

AGHERRABZOMEEZBEL T, KBEFHEFOE
BIHBRRECABASICOEFEESZ D&M Dh -
TEFU, UL, KB L7 PESEHTEORE
BB ZOREICE T 2HEMIERLTAICERAINTY
Ftho T2, BRESIIFREE S 2 KBREF
HREZHICH L TEENR Y X7 EZBZTRD, 20
FKAZTFRICTANTEIEERIZMEE EbICHEER
CUTHEERBEETT, BEWME "FHIHIKREZS
FAZ7AY Vb TE F5UEREBOD &, FHID
KREICEET 2HFDTFOEMRINBEICBEL, EiE
MaRIZHR & FRRKMOBAZHEENICRESIE S
EEEMULTWED, A70OY 7 ~ZERANDIEE L
HEEEDHRMMFTZEL TRABRREICEZANICED
HATWET,

It is now known that solar activity and the dynamics of space
environment may impact human socioeconomic systems as
well as the global environment. However, the mechanisms of
solar dynamics and the subsequent processes have not yet
been fully understood. Modern society is at risk of severe
space weather disturbances. Therefore, understanding and
predicting the variation of the space—earth environment is not
only a scientific subject but also a crucial issue in modern
society. Project for Space—Earth Environmental Prediction is a
joint research project aiming at synergistically developing our
understanding and predictive capability of space—earth envi-
ronment through the cooperation of various disciplines. In this
project, we challenge the issues based on the ISEE Collabora-
tive Research Programs with various collaborators from
domestic and international partners.

WY ARMGR ARG A EONNIE SRR

m‘!“!ﬂ“ﬁ-tlll?.-wm

FHMRBREZEH T TOY 7 MO IO HOERAL BRI EE,
Objectives and subjects of Project for Space-Earth Environmental Prediction.

%1 @ERS >V RIILPSTEP-1 “Toward the Solar-Terrestrial Environment
Prediction as Science and Social Infrastructure” (201651 B2 HEKZE).

The Tst International Symposium PSTEP-1 “Toward the Solar-Terrestrial
Environment Prediction as Science and Social Infrastructure” held at Nagoya
University on January 2016.
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# B Education

AIAFEPTIE BEAREL TERER REFMRABOBABES U T KERBZEZEH > TWET, KEREG ISR 71—
IWRT =7 ERNER. (L2, FRAE, FRAKEBRPEARSE ORR. GT—F 8@ eI 2L —Y3> /ETU VT,
B RR E DEZFERFEZAVWTCELFOERMTZ EMMICED, S5, EBRADIARSE & Fmz TVERH S DEFERN
BEEMRZBL THEARZSFORIBICRD B I EMNTEEXET, TORRZEITHXPELHRXE L TEEH, BARAD
RS - Fo - PINPEFGETHERUTWET, IO UEREOHR, FEWEBFEERNZEY AZ2/F5, EFA#ZzHERIOET
TEHANMOBRZEELEY,

The Institute for Space-Earth Environmental Research (ISEE) offers graduate programs in the Graduate School of Science,
Engineering, and Environmental Studies, Nagoya University, Japan. ISEE graduate students study various methodologies and
techniques, including ground observation, fieldwork, laboratory experiments, radioactive dating, numerical simulations and
modeling, and theoretical research. Their work includes the development of satellite, balloon, and aircraft instruments—and the
analysis of observational data. ISEE students are actively pioneering new research fields, through their involvement with other
scholars in international collaborations and interdisciplinary research. Their studies mature as MSc or PhD theses, which are
presented at international workshops and conferences, and published in academic journals. We nurture researchers who can
apply their specialized knowledge to benefit society, who have a broad perspective, and who demonstrate an international
perspective.

| BRPMRR RUTFEYEIER
Graduate School of Science
Division of Particle and Astrophysical Science

| I¥HMEH BERIFEK
Graduate School of Engineering
Department of Electrical Engineering

| RIBZWRH tIKRIERFEEK
Graduate School of Environmental Studies
Department of Earth and Environmental Sciences

- RIBREZEE (AM) - FEHERER CRRF - HERFARF
Atmospheric and Environmental Science (AM) Space Observation Meteorology Geochronology

- FHZEEYEZER (SS) - FHEBERLE - EREKEIEF CRIBRE
Space Science-Experiment (SSg) Space Information Engineering Cloud and Precipitation Environmental

X KF’Z_E_F_ Eﬁi%ﬁ%ﬁi?— (SST) Sciences History

Solar and Space Physics — Theory (SS;) - R&RIEF .
P Atmospheric Chemistry
- FEHRYEZ (CR)
KRR

Cosmic-Ray Physics (CR)

- KIBBTSXWEE (SW) Hyaro
Heliospheric Plasma Physics (SW) BER

S EDEE Outreach Activities

—MREFHRF O, MREAR. LAHRE. AREBCPHEESOERZE, & OEEZR O MFEMICED HATHET,
The institute holds a variety of outreach events and activities such as open campus, publishing comics and booklets, visiting
lectures, hands-on lectures and public lectures.
| —fi%M I} F Public outreach publications

RO&SIEMFEERL. —RICEHITDEEBIHARAI TR TELRRALTVWET,

We published outreach booklet and comic series, which are available as printed matter or
PDF editions on the ISEE w%bsite. A0S  MEREL - AS -l

o M---50 DI, ~Y—X "50 Whys" booklet series RS RS - BE TEES

ENZENOT—YTLE0 D T8¢, ZZF. QAKX TFE - KEHISHIRKSK. MWIRNEETZH IR BF

EE Rl

A Japanese booklet series that answers 50 whys in the Q&A style for individual ISEE research
topics from space and the Sun to the atmosphere and the Earth’s interior.

Ay Y T THRARE 1?2 =X "Whatis -+ 1?" comic series

Rgmny ) —X, ERAMHEE Scientific Committee on Solar-Terrestrial Physics (SCOSTEP)
=i U AARBIRO M ICTAAFRREERE BANDBRIEATNET,

A science comic series. Translations to English, French, and ltalian are ongoing by Scientific
Committee on Solar-Terrestrial Physics (SCOSTEP).

| ARZEO—MRAFMPHAIRELE Open House and Visiting Lectures

ZHEXRE T2RR FERRIMREZARULET, AHEMTCERIETOS 50 EE RERIHT,
REEASZH, BESREXT CFHMIKREOHARETRICODDPIEHBETZTED, #
BONPESEENRE VAEBREE P, NFER - 8FZRCHAIREZRBLTVET,

We have an open house day during the university festival. Social lectures and events are
also held in Nagoya, Rikubetsu in Hokkaido, Kiso in Nagano, and Tarumizu in Kagoshima,
where our observatories are hosted, to explain our research topics In addition, visiting .. caessra i me Urcthiass,
lectures are often held at local schools.

Hydroclimatology

Fee-50D%BE,Y)—-ZXDFT—7
AVY -FHR -BRE KB KBE

Hands-on lecture for school pupils.
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1 # Organization

BIFFE Vice Directors

EAEHTZRERF

Research Divisions

Bk & Director

Higs HEANA - LEHARZES
Faculty Council

HiEERESERR > 57—
Center for International
Collaborative Research

Collaborative Research

EERER
Advisory Board

Committee

WERS Ty Tzt s— [ HERSRERSE > 5 —
Center for Integrated Data Science

Center for Orbital and Suborbital
Observations

AFEEAIFT  Moshiri Observatory
PERIELAIFT  Rikubetsu Observatory

AWM S[IKRAKIIARS

Integrated Studies Meteorological and Atmospheric
Research

FEHIRAEER ReEig g B A BRI

Cosmic-Ray Research Land-Ocean Ecosysytem Research

KBRS FRRUEMREE

Heliospheric Research Chronological Research

BRSBTS

lonospheric and Magnetoshperic Research

D 19494 (B3M124 %) 58 May, 1949
| REERFOMEMEITE U TEREIRER%Z R

: Research Institute of Atmospherics, Nagoya :

: University was established.
. 1958 £ (BBF1 33 4F) 4 H April, 1958

D AEBEAYEYHE TR EMEESRE
T

. Cosmic-ray Research Laboratory, Faculty of :

. Science, Nagoya University was established.

AN HIEREIS I ST

Solar-Terrestrial Environment Laboratory (STEL)

1990 & (FERX2 %) 6 B June, 1990

FIF) Z3/0L

was established.
1995 F (ERL7 ) 4 A  April, 1995
HEEAIERE Y 5 —DRE

Processing was organized.

2003 £ (FRk 15%) 48 April, 2003
REERIERRIFT O S R

The Rikubetsu Observatory was organized.
2004 £ (PR 16 %) 4 A  April, 2004
IAZANR—AMFR LY T —DFE

The Geospace Research Center was established.
2006 £ (*Frk 18 £) 3 B March, 2006
R ZRILF v /R ICBER

Laboratory was relocated to the Higashiyama
Campus.

2010 (FRk224) 48 April, 2010

HEFFA - HEAFTRRICEE

Approved as one of the Joint Usage/Research
/Cemers.

2015 ¢ (ER27 ) 108

The Solar-Terrestrial Environment Laboratory (STEL) :

E1EAIFT  Fuji Observatory
EEREEHIFT  Kagoshima Observatory

8 & History

1957 & (BBH1324F) 4 A Apri, 1957

| BEERFIEAENEKER AR E R

* The Water Research Laboratory, Faculty of Science,
: Nagoya University was established.

S 19734 (BH484) 98 September, 1973

| BEEXF BRI AIC ST

- The Water Research Institute (WRI), Nagoya
- University was organized.

R & TS DRRHRR SRR - 5
BU. 2HEEREABHREETAT (2E4R

19934 (¥R5%) 48 Apri, 1993

| BHERFEARSKBERZHAR (ZEfEFE)
ClCuE

: The Institute for Hydrospheric-Atmospheric

The Center for Joint Observations and Data :

HWERKBERME Y 5 —
Hydrospheric Atmospheric Research Center (HyARC)

2001 £ (FRX 134F) 4B  April, 2001
EHEBRERIKERIZREMO—EZ Bk & U
TR BRI EY Y —2RE

The Hydrospheric Atmospheric Research Center
(HyARC), Nagoya University was established.

2010 (FRX 22 %) 48 April, 2010
HEFRA - HEFFLSICEE

Approved as one of the Joint Usage/Research
Centers.

1981 % (BBFI56 %) 28 February, 1981
CRHBRETAY N—THELYI—REELT
L RARHREAEE Z RE

: The Tandetron Accelerator Laboratory was
. established in the Radioisotope Research Center of
- Nagoya University.

$ 1982 F (BM57 %) 38 March, 1982

D VT NOVILEREEMTE | SHORET 7
. Installation of the Tandetron Accelerator Mass
- Spectrometry (AMS) machine No.1 was completed.

: 1987 & (BM624) 18 January, 1987
A VFNOVIRBREENTET 1 SHEOZERER
. FIFEREtA

* Inter-University Service of "“C measurements was
- started with the Tandetron AMS machine No.1.

S 1990 (ER24) 6 H June, 1990

AHEXRPFARERMAT LY 7 -1 R

: The Nagoya University Dating and Material

- Sciences (IHAS), Nagoya University was organized. - Research Center was established.

- 1997 & (FRE9 %) 3 A March, 1997

S YT hOVINRREENTE 2 SHORBET T
1997 The Tandetron AMS machine No. 2 was newly
. introduced.

ERATERAHEE Y S —

Center for Chronological Research (CCR)

2000 (ERX 124F) 4 A April, 2000
EHERFFRAEERNAE Y & —DHIc &
D, ZHEXRZERUEREMREY 5 —DHE,
CHIME &£REIEEREZBFBL OBHRL. EF
ki

The Center for Chronological Research was orga-
nized. The CHIME dating system was transferred
from the School of Science.

FHMIRIRIEM TR R

October, 2015, Institute for Space—Earth Environmental Research (ISEE) was established.
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