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Foreword

The importance of global environmental
issues is now recognized not only in
the academic world but in the public,
and these problems show significant

social and economic impacts. The data
observed by satellites are indispensable
tools for wider earth observations, such
as global warming, changes in ice areas,
disaster monitoring, desertification,
vegetation assessment, and atmospheric
environmental issues. Satellite remote
sensing data have been used directly and
indirectly for many global environmental
problems in conjunction with various data
observed on the ground. At present, it
is not possible to diagnose the earth or
the earth care without satellite remote
sensing data. Recently, satellite data have
been required to improve the temporal
resolution and spatial resolution, that is
the sophistication of sensors, constellation
of small satellites. It has also become
important to integrate or assimilate various
types of data and model, to understand
the situation, evaluate the problems,
forecast, and propose possible solutions.
Sensor development, data archiving, (real-
time) data analysis, information extraction,
results (diagnosis / evaluation), and
prescription are all essential. This is a global
version of a measurement system that uses
a wearable terminal, monitors the human
body moment by moment, and diagnoses
and grasps the state of health; health

e 5= 5 E&E‘B }'EE,

Director Hattori Katsumi
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care problems. From another perspective,
remote sensing has interdisciplinary and
cross-disciplinary features; geography,
meteorology, atmospheric chemistry,
atmospheric radiology, hydrology,
agriculture, horticulture, civil engineering,
urban environmental engineering, natural
hazards, applied optics, applied physics,
electrical and electronic engineering,
informatics, communications, and so on.
Center for Environmental Remote Sensing
Center (CEReS) was established in 1995,
and selected as a nationwide joint research
center in the field of environmental remote
sensing by the Ministry of Education,
Culture, Sports, Science and Technology
in 2010. We conduct more than 55 joint
research projects with universities and
institutions in Japan and overseas every
year. We have also about 30 agreements
and contracts with various universities and
institutions around the world to promote
international joint research aimed at
deepening and developing remote sensing,
and capacity building. CEReS copes with
solving social problems in collaboration
with people in various fields all over
the worlds. Your understandings and
cooperation are highly appreciated.
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CEReS RIREEY €—

CEReS is the abbreviation for Center for Environmental Remote Sensing.

Fer oY JHRE > — (Center for Environmental Remote Sensing) DT,

Influences by human activities on the environment are increasing as
technologies are advancing. They also cause several environmental
changes such as atmospheric change, climate change, and land
degradation. Furthermore, the impacts like shortage of food and
water supply are occurring in a human society.

Remote sensing is an indispensable observation technique to obtain
effective information towards the solution of social issues so that
more usage of remote sensing technology is expected.

At CEReS, as a hub of remote sensing study, we have been coping
with the global-scale issues through three programs based on our
knowledge, technigues, and collaborations.

EFEHYVE—FEY>>F7TOT5 A

Innovation in remote sensing technology and algorithm

UE— Y>> 7icBY 2 BN AHRETS 2 &
Conducting advanced researches on remote sensing

<A U0t YR
Development of microwave sensors

PGtk YNt e
Development of large UAV

INEURTE B

Development of microsatellite

BHRHEETOT S A

Integrated use of geoinformation

#h_ERICEE — B b R R TURERR & > B FF

Development of a COz sensor for long-path measurement

NANR—=ZART b vH X TEIF
Development of hyperspectral camera

TEEYEEATE DO &R X 7 LBIF
Development of fluorescence system for vegetation monitoring

JE— bV I Y IT— 9 2BV THRREREL ML ERIEE I &

Developing global environmental researches by using remote sensing data

BREZR T ZEH
Observing greenhouse gases

ARZERME DR HIREETA

Measuring air pollution level

HENBASE{TOIS A

LIROMEE - WEIRHRM

Extracting land cover and vegetation information

AREmBEER DO

Analyzing interaction between atmosphere and land

Advanced application of satellite remote sensing

UE— bV VI HRICRIAUTCIMERETOI &
Contributing to the society through remote sensing researches

BHNREREELZDI-ODFHNHMEA > 7 T DIEE

Building up food security and its social infrastructure

KR - HZORE. DT

Research and analysis of geography and water resources

BAREKEDOFH. BHK

Prediction and prevention of natural disasters
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Geophysics, Natural Hazard
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Model-Data Integration, Machine Learning
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Microwave Remote Sensing

AREF RIRERZ | ARERVE-tE>y> 7

Atmospheric Environment

F—gRM. REFH. KXET V. EHFE. JIEEH
Data Assimilation, Weather Prediction, Hydrological
Modeling, Machine Learning, Climate Change

REBZ BEVE—bEYY VT
Atmospheric Science, Satellite Remote Sensing

KXF, BESES. KaEEHEEER
Hydrology, Satellite Climatology,
Land-Atmosphere Interactions

ERAEESBREMUE -tV T
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Environmental Sciences and Food Production by
Remote Sensing, Implementation of Spatial Information

WIRREFM TS, BEELES

Global Environment Evaluation Engineering, Satellite
Botany

Satellite Botany, Information Science
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Remote Sensing of Water Environment and
Terrestrial Vegetation
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KOBAYASHI Hideki Visiting Professor
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=) X+ Z Visiting Professor
Prabir Kumar PATRA
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KIMURA Atsushi Visiting Associate
Professor

zA % KEHEHR

YAMANOKUCHI Visiting Associate
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F|BBE  Adjunct Faculty Members

EL AR EN BFF RS
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Japan Agency for Marine-Earth Science

and Technology (JAMSTEC), Senior Scientist

EL AR EN B RS
FEHARE

Japan Agency for Marine-Earth Science

and Technology (JAMSTEC), Senior Scientist

K&/t x 0
PASCO CORPORATION

YE—bEVIUIEMTEY S —
Remote Sensing Technology Center of Japan

UJE—FEYYVI, HESRS

Remote Sensing, Micrometeolorogy

K& - BAERISF,
JE—FE>>> T
Atmospheric and Oceanic
Sciences, Remote Sensing

VE—HbEVIVT
(BEx=-sV>7), HIERMIER
Remote Sensing(Agricultural
Monitoring), Geospatial Information

YE—bE>¥ >
Remote Sensing

RE =E Bz
HATTORI Katsumi Professor
a4 EHE B

SHIINA Tatsuo Associate Professor

bk 88 HEHR
KATO Akira Associate Professor

Bloxy BhE

LIU wen Assistant Professor

BSEHE Academic Staffs

BB TR
Graduate School of Scienence and Engineering
MEEIZF
Graduate School of Scienence and Engineering

BE=2HERR
Graduate School of Horticulture

MEEIZF
Graduate School of Science and Engineering

RIS, BAKERS
Geophysics, Natural Hazard

BELCHEA. SEEEHE
Optical Measurement of
Scattering Processes,
Photoelectric Measurements

L—H—UE—ttr>>s
(HFEMEZSFUVT)

Laser Remote Sensing
(Forest Monitoring)

HH AT LRETS
Urban Infrastructure Engineering

T /e S1EBIE
SOFUE Yuki Assistant Professor
T R ST
TAKENAKA Hideaki Assistant Professor
BE¥ Ejh S1EBH
MANAGO Naohiro Assistant Professor
FlLyH¥>Fno LSEERIEN
FET=2 Assistant Professor

Alessandro DAMIANI

A HET REBh
YAMAMOTO Yuhei Assistant Professor

YHEMFXE Research Fellows

WEYE—bEYYVT
Remote Sensing of Vegetation

BHERE. VE—tEYY VT
Radiation Budget, Remote Sensing

VE—bE>Y VI KRBEERS
Remote Sensing, Atmospheric Environment

ARERBBEVE-—bEYY VT
Atmospheric Remote Sensing

BHEE - EEVE-—FE>P VT

Remote Sensing of Urban Climate and Vegetation

=i %E BEMRE
TAKAHASHI Ayaka Research Fellow

FrI7v¥ T4 HEREE
Bk Research Fellow

Chafya Edi SANTOSA

S5 #— BEMRE
TOYOSHIMA Koichi Research Fellow

BEWRE
Research Fellow

FEFII=RYUFIZ
Dmitry BELIKOV

FoAAROY—
Tribology

CP-SARZ LA 7> F FHI%
Development of Array Antenna for CP-SAR

BAKBYE—MEVI VT, BELSR

Remote Sensing of Precipitation, Tropical Meteorology

ASEZE KRER
Atmospheric Science, GHG cycle
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EEHLET,

[GAIA-1] IZ £ GPS-RO t > #. [GAIA-1I| i2iE. THREEEK
FOL—2%] (B&#R 1 CP-SAR) LMENZ >V EEBHLET,
IoErHiE, MROMBEEOZFFEBEICEAT 5B T,
203 FICBHFICHIILE LT, £/ W EELEERBROICDHIC,
Boeing 737-200 2%z (L L . MAMEHE, BHM A EICHEHY
BETCP-SARE>#% (L. C. XAV F) #BFELE L1z, 556
AL—9%FAL-KERREZNICBIZ2ERFE. RUIGH
EHFE L. ZORBEENANOLRARERS - AREICRHE S

e T
-l "
BEL)IBRBICTCARMOL — S EHEAMEE O RIEERR
Flight test of synthetic aperture radar onboard unmanned aerial vehicle at Fujikawa airfield

8

Josaphat Laboratory (JMRSL) develops two satellites called GAIA-I
and GAIA-Il. These satellites are classified as microsatellite, where
GAIA-I and GAIA-II has weight about 50 kg and 100 kg, respectively.
We collaborate with Kyoto University, JAXA, LAPAN etc to develop
these satellites with different sensor onboard, and plan to launch in
the end of 2010s.

GAIA-I will onboard GPS-RO sensor, and GAIA-II will onboard
our novel circularly polarized synthetic aperture radar (CP-SAR).
Especially, CP-SAR sensor was successfully developed in 2013 to
monitor land deformation accurately. CP-SAR sensor with L, C, and
X bands was developed for car, unmanned aerial vehicle (UAV), and
Boeing 737-200 aircraft. We are also developing several technigues
using SAR sensor to observe disaster and environmental change
precisely, and contribute these technigues and results to our
domestic and overseas collaborated institutions and researchers.

TA470kEyY LR

RAOREFPENDIBRERMNT 2D T, HHREHFHEIC
BIL7: TBREABREOL—%] (CP-SAR) . (7Ot
CHDUEDTYT, YA 70ORIBE. B, ELEEBEBBIBIE
DTEEI L, EPDHoTHBEICE-oTCHBERBRCEATSE 5,
Thbb, 24 SEELREEOL Y THIOHPRADFATT,
INETAIBRICEHsNTE/ [BHEOL—% (SAR)] &,
[EfREE] EFEN2BHEOMEEZFBLTCEE L. §
LNBHEIERICIED 2B ZDHBATL, ZORKEEES
. [M1®iK (Circularly Polarized) | E HIEN B ISR L 7D T,
ARESHREOL—Fid. ThETELNLLI oS ESE L
ABEHREBEONDLIICLEDET, ZNICLD. SETEDHE
WHBET, RORELZEATED LS ICHEI EPFLTVET,

Our laboratory is successfully developing circularly polarized
synthetic aperture radar (CP-SAR) sensor to detect microwave,
where this sensor is also called as microwave sensor. This microwave
sensor could penetrate cloud, fog, haze etc, that could be operated
at cloudy area and night time. Therefore this sensor is also called as
24 hours or all weather sensor as merit of this sensor.

Previously, linear polarized SAR sensor is common in Earth observed
satellite, but some demerits of this sensor, i.e. effect of Faraday
rotation, misalignment of SAR’s antenna etc. We proposed CP-SAR
to improve this demerit, and investigate some new remote sensed
information using this sensor. We hope could acquire more accurate

and various data using the CP-SAR.

R LU—¥BICTHRESME (XRENGE) OIRTYY €T (JICA-JSTEX)

3D mapping of land deformed area (landslide etc) at Malay peninsula under JICA-JST Project

MRELEESDOPRTEDLSICEDLTH
[GAIA-1] & [GAIA-II] ZfAEHLEZZ LT, BEHEBOINEL
WREZESOMENEEARZ I ENTEET, BEHELX. BAME
RIS 1 BREIEER. “BiJk” £ LTEANIEET 52 LHYE
WManTwEd, ZONBEENRAL-BBEEOELN LR E
Hor—seREGhENE BREOIANBERMED “5iJk”
DER. RUKEMBOHREERICERATE2LEHFLTVET,
/.. THEERBAOL—4 (nSAR) FEAKEIC L3 LA N,
KILMEK, BT, ER. BEMER L OMREE 2 SBE TH
AT, 2HEBOA > I7SPEBHORREEZERL., L
BROGHEORBICEML T T,

A—F—UT7 Lo —IcL 2ROV — Y OHth ERIEEER
Validation of our synthetic aperture radar using corner reflector

LYHMREONUFEBLEEHD & X >N —

Our laboratory’s satellite ground station and laboratory
members

Relationship of lonospheric disturbance and land deformation will
be investigated using GAIA-I and GAIA-II. lonospheric disturbance
which depicts precursor of Earthquake happens a week before
the Earthquake was reported. Our microsatellites will observe this
lonospheric disturbance and land deformation to investigate this
relationship to collect the global precursor of Earthquake. Our
laboratory also observe land deformation as landslide, volcanic
eruption, subsidence, uplift, active fault etc using SAR interferometry
(InSAR), and employs these results to observe infrastructure,
settlement etc to realize safe and secured community.

http://www.jmrsl.jp/
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N RFEENRICLIERSEF v > TICT
Science Summer Camp
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We have promoted the study of world vegetation based on satellite
We have promoted the study of world vegetation based on satellite
data from the 1990s. From the mid-1990s, we has been conducting
research to find the (above-ground biomass). Initially, we promoted
the research to find the above-ground biomass of the Mongolian
steppe through satellite synchronous observation on the ground. We
developed a RC helicopter observation system (autonomous flight)
in the process. The system has become possible to obtain the multi-
angle observation data (BRDF)of the forest. It became clear that
forest biomass is obtained from BRDF and etc. It was launched in
2018.We are in cooperation with JAXA satellite mission (GCOM-C
satellite of Global Change Observation Mission).Future goals are the
following two points.

1) establishment and improvement of the ground verification
methods of satellite data

2) contribution to the Japanese space planning

MRBREZHHEAI vy >aviconT
HERIRIEZENERAI = v > 3 > (GCOM : Global Change Observation
Mission) (&, HIKAE TOKIEEE). KBERZEDA D=L ZMHE
e a7:0. 2FAETRBMA (10-15FEE) OB Z ki L T
THOFTETY, HKETERT 7. 0ICERBEOBAT —5IicHE
DO ETFTIMELREICED £9, GCOM-CIEE = BRI S HMTE
AETE O R TIREREREM OBEMIKEFAEES X T LO—E
LMEBENTFONTOWE LT, FIEMREAY v b (FR17HE
2B)ICBVWTERB I N-LIRMBREA > X 7 L (GEOSS) 2 FH»°
EpEMIE2Ivy>a>rTbHET,

SEYA b

http://suzaku.eorc.jaxa.jp/GCOM_C/index_j.html
http://www.satnavi.jaxa.jp/project/gcom_cl/index.html

R—LF v TLE
Base camp in Mongol

= EET@W%
(REHE ERPF v > T TRIBEAEE)
Mongol Site

MRELEESDOPRTEDLSICEDLTH

Fe. NBIFBRERBROPICEGFLTVET, —BIICERR
DEREZRD> bEWICEHL B HOIFEEY (RF) #HETS
HEBE (XY, BRI OB EAET 2EES (I
EY)., BEYEBEMICRIVESE (ZCHMEY) »oHD L
5EY, FEFORRIEERFERFHNT 22 LBEBRLBONT
XD LICRIDET, WRRBEZHHANI v >3 v FIiC
GCOM-C (&, #h EHEY O IRRIBIECF R FA BRI O KIBEEEN
2T LDOEBBICKWNCHRILID LHFFsNTVE T, HKREOA
BR. T4bL, HREBROBERIAELESOFRICAVICE
MI2H0TY, HEBREZHEAI v > a > NICHECAR
OMIREAERNICH N T2 L THRELERICKRILTET,

BRERITANYATIEAS 2T LOERES (BRLERMICT)
Vegetation Observation UAV

GCOM will consist of three consecutive generations of two satellite
types with 1-year overlaps, resulting in a 13-year observation
period. The two satellites are GCOM-C and GCOM-W (Water).
GCOM-C mission aims to establish and demonstrate a global, long-
term satellite-observing system to measure essential geophysical
parameters to facilitate understanding the global radiation
budget and carbon cycle mechanism, and eventually contribute
to improving future climate projection through a collaborative
framework with climate model institutions. The GCOM-C satellite
scheduled to be launched in 2018.

AT A5
Process in Gell

We, human beings are living in the global ecosystem. Maintenance
of global ecosystem is critical to humanity problem. It is essential to
understanding of the global ecosystem.

We will be able to get a better understanding of the global
ecosystem from accurate information of GCOM-C.

= -

BERITAVITSEA
7 hOx—5 % EER)
Radio Control Helicopter Observation system

SATFLONE (S icL—¥F—T07745, FTOhX AR
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BEESRBEANUERAIHEOXZ L > Y OBAT -5 5
W, BEOBEAYIBEHTEET > TVWET, BEAYEE L L. H#E
MO ENA AT IRERRIEH L ELEBLET, HFELVYIC
LB NoDHEEF. BEVE— LYY Y IHBFTIEEBNE
CHBIEEREZEEAVWIFETITOATEL LD, FMROLS
ICKELIRTHBEE S ONRTE—MRWRHEEFEEMILI TS
TWEEA, EBAROH DI RTHBELORNFEOBRE
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BRZTVWET, ZO1HICHEMORESEEHET 2> I a2 —
S ORIFP. L—Y AR LRV TERORMOIGNEE
THBT2LEDFEEEToTVWET,

UAV IS & 2 HMEVITT 54 PRICBAEBIREERL TV KT,
Monitoring flight state information in the forest observation using the UAV.

12

My main research target is the vegetation physical quantity
estimation using an optical sensor of the artificial satellite. The
vegetation physical quantity, refers to the terrestrial above ground
biomass and leaf area index of the plant. Estimation of them by
the optical sensor, which is a satellite remote sensing field has
been done by the technigue of using the vegetation index has
relatively long history. However, a general estimation method for
the vegetation which has large three-dimensional structure such
as forest has not been established. | have studied this problem as a
central issue by developing the model for the relationship between
light reflection characteristics and the three-dimensional structure
of vegetation colony.

In order to solve this problem, | am conducting the development of
a simulator to calculate the reflection characteristics of the forest
based on three-dimensional structure of the actual forest. In order
to achieve this, | am also developing a laser-measurement system
for obtaining the structure of the forest in parallel to above activity.

HIIYMORFFE (ZHAERFHHELY) ¥Iab—ra>ofl
A simulation result of Bi-directional Reflectance Distribution function of larch forest.
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Acquired three-dimensional data of the forest using TLS.
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Since the plant colonies have a three-dimensional structure, when
the sun illuminated them, it will produce a complex shadow on
canopy surface that reflects their structure. Intensity of reflected
light from vegetation canopy will vary complex with their three-
dimensional structure and sun-target-sensor geometry. That is, even
if satellite observes exactly same forest canopy, different observed
values will be obtained by the geometric conditions. Therefore,
by using a multi-angle observation data in the different geometric
conditions, it will possible to estimate three-dimensional structure
including tree canopy density, and leaf density/distribution of target
forest.

In order to develop such an estimation method, investigation
is necessary to clarify the relationship between light reflection
characteristics and three-dimensional structure of forest using
ground based observation data of actual forests.
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Forest measurement in the Research forest of Hokkaido University.

While understanding of global carbon cycle mechanism which has
closely relationship with global worming has been progressed in
recent years, the problem of uncertainty of distribution of land
vegetation biomass and its time series variation is still remained.

It is impossible to grasp the exact global biomass distribution and
its change without satellite observation. Establishment of biomass
estimation method using satellites observed data can contribute
significantly to understand the global carbon cycle mechanism and
development of accurate global warming prediction model.

On the other hand, my activity of forest measurement using
Terrestrial LIDAR System can contribute to forest management.
Generally, in order to obtain the base information of forest
management requires a great deal of human labor for measurement
activity. While TLS can measure the three-dimensional structure of
forest easily, it is not frequently use for forest management because
of its high cost. | have developing a simple and low-cost TLS and
acquisition method of forest structure. | believe that when the
system is to achieve the practical uses, it will be widely used by the
people involved in forest management.
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Data-driven estimation of gross primary productivity in Asia
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Our group aims to understand earth system (mainly targeting at
terrestrial biosphere) using available data (e.g. remote sensing data,
site observation data) and models in an integrative way. Our target
region covers various spatial scales, from regional to global scale.
Main research targets are relating to global environment changes
responding to climate and environmental changes, such as (a) how
much terrestrial biosphere uptake or release GHGs (Greenhouse
Gases) responding to environmental changes, (b) detecting ‘hot-
spot’ of terrestrial CO2 budget changes where significantly large

GHGs emission is occurring.
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FOTICH T 2EEBEROZHER (1982-2011 &)
Changing trend in NDVI from 1982 to 2011 across Asia
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PEEAEA BRI A P ERADICEETZTN—RY— (FPSRH TP NYIR)

Ground observation site and native blueberries.
(UAF eddy-covariance tower in Fairbanks, Alaska)

MREEHEDOHFTEDLSICEDITH

BONTEHRREIE. e BETHRICETINE T, FlzIE,
2015 £ 12 B I UNFCCC ( BlE SR Z B AEZ40 ) COP21 (£ 21 [
BHESZE) ICBVWTEIRaN: IXURE] TEH. HRESE
OEREEEEGUENICHRLT2CICMZ 2 ZLTEEL, Z
DOFEHICA T THEHREEIZREDRET R OBFHBIRIICE VBT Z
LIZBEDET, ARG, BEERICET2EENETANZOHETE
BRzE522ZLICGD. BEHRIABHEIRRORE (CH T
7-—DDBERELEDET, S 5ICiE. 2013 FICBIME S N-EEH
RMIRBE O o b [Ja—Fv—F—X] OBAAICEL
T, BIcHEGA Rt B LICREHSOBEDOIOICYE—F
LIV IEBRELLTEMLTVETLVWEEZTVET,

ij)

2015 4@ EINino BSIC 51 2 R 7 ¥ 7 D K KR EHH
Spatial distribution of fire in Southeast Asia during 2015 El Nino event

To approach current environment problems, we need “synthesis”
using various existing results in addition to development of new
method and new estimation. Each methodology is effective to
represent something. By collecting many information, we can make
a more consistent interpretation and have a new scientific results. |
believe that remote sensing data have a strong advantage, since it
covers global with consistent observation methods. Therefore, using
such effective remote sensing data sets, we can produce new and
integrated results.

IS 2 F AET IV (UVic-ESCM) TEHE S NICEFHRE
Mean annual temperature calculcated by an earth system model, UVic-ESCM

Our research outputs will be used to the society from outreach
to practical use to environmental policy establishment. As a
good example, the ‘Paris Agreement’, which was determined and
agreed internationally in the UNFCCC COP21 declared and agreed
to minimize global temperature changes below 2.0 degree. Each
country requires to report greenhouse gas budget to keep up to
protecting environment. Our research outputs directly contribute
the Paris agreement as a direct data of terrestrial CO2 budget
and providing mechanisms of the changes. Future earth, recently
established international project toward sustainability of earth
environments is one of the targets of our group to contribute to

society in a direct way.
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Mapping of forest cover change across China
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Data archiving system in CEReS
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I’m interesting to understand water cycle in the Earth environment
through the various Earth observed satellites data analyses.
To diagnose the variability of Earth climate system from the
satellites datasets, we need long-term data records as possible.
Thus | conduct satellite data archiving and publishing activities in
CEReS. Particularly we have been archived major geostationary
meteorological satellites data under the framework of virtual
laboratory (VL) for diagnose the Earth climate since 2007. In
addition, I'm leading to “HIMAWARI-8” related activities in CEReS,
such as data archiving, publishing, and the contribution to research
community.
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Field survey's snapshot for grassland ecosystem study in Mongolia
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RGB composite image revealed by satellite observations. Blue color represents annual
rainfall captured by TRMM/PR, Green represents annal mean NDVI estimated from NOAA/
AVHRR, and Red indicates heat stress index estimated from NOAA/AVHRR.

MREZHEXDODPRTEDLSICEDLTH
HIKEAFEICL2HE~DER - BETEWVW O OBRBELH 2
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TRTELILPDETT. 20720, BHREEEBEY 1T X
59 RF—LBFELE [0EHD Web] ~0OB5, RIEES —
TUVAR—ZATATARAT LA 6MIc&d [UZWVIALUVE
b OEE]| EBEORFER, YouTube TOU % b D ENEEHIEE
LEBLEHLTVEY. ROBRELELTHRERE, AHRBESR
ErB L3, BREEOALLT, BRELESH/I~XOZ
ENLIBREGAOTISHONTTVET, REEIHAERRD
HEBTTYT. HETHETEET -7, BRIIREHICEHESR
RETLIIETIRZILETRZEDATEZLEEZTWVWET. WD
POMRAR (%) PREFZHLO22HDVEI DT, KBS
BIHEREEICIEEILVWERCE>TWVET.

One snapshot in presentat\on to society.

Satellite meteorology is already established research field of which
try to understand meteorological phenomena by analyzing satellite
and other data. On the other hands, satellite climatology is not yet
established. However satellites sensing has long history more than
thirty years, moreover sensing technologies are developed in recent
ten years. | try to understand the Earth climate system including
human impacts by analyses of long-term earth sensing data. Such
research processes would make the establishment of satellite
climatology. However only satellite data analysis sometime leads
erroneous interpretations. Thus sometime | go to field observation,
and other time | collaborate with numerical simulation researchers.

del-cloud max local-time

1234 5 6 7 8 9101112131415161 F18192021222324

BN ER IE RGBT 2 EUMETSAT MFG £ DR 7o, INS B RAT — W DRBHOE—27 5 A L.
&3 IRHBEER (Local Time) /R

Spatial distribution of peak time in small-scale convective activities revealed from
EUMETSAT geostationary meteorological satellite. Colors represent local-time (not UTC).

| think that the utilization of earth sensing data or images into the
society has several steps. Initially sensing images or movies are
useful by the visualization. In a context of visualization, | contribute
“HIMAWARI Web” mainly developed by NICT Science clouds team
as a co-developer. Our team also developed and has operated
multi-4k display system for “real-time HIMAWARI movies”, in which
installed at open-space in Chiba University’s Library. In addition we
distribute interesting events captured by HIMAWARI-8 via YouTube
channel. As a next step, | also present in public lectures and/or open
seminars for the explanation or discussion with people. As a final
step for the contribution to society, | think that research results or
products can directly contribute the society. Several research project
outputs have potential to direct contribution, thus | will grow up

such projects then will release into the society.

‘-'J:
4k7-427"l/46$5( £3 TJ//D&%L\UibOifJ E3
Quasi-real-time display system by six displays of 4k resolunon at Chiba University Library.
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Space-based remote sensing

AIFEELMENDDY E— PV SV TRETF RO X =,
Schematic illustration for the unique synergistic use of satellite and ground-based remote
sensing techniques.
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Irie laboratory utilizes the advanced remote sensing and information
processing techniques to study when, where, and how much the
atmospheric environment is changing and hence to study its
mechanisms. The research topics are closely related to well-known
global environment problems such as the global-scale air pollution
(including PM2.5) and the climate change.

To conduct the world’s top level research, Irie laboratory has 3
advantages; 1) a unique synergistic use of global-scale-observing
satellite remote sensing techniques and precisely-observing ground-
based remote sensing techniques, 2) multi-atmospheric-component
observations utilizing the most advanced, unique remote sensing
techniques (e.g., MAX-DOAS), and 3) a unique global-wide
observations with International ground-based remote sensing
network (SKYNET). Our own SKYNET sites have been distributed
widely in Asia, including China, Thailand, and Mongolia as well as
Japan.

5 v TOEBMELBREROET . EREHREOFZELDTEH,
Pictures taken during an International intensive observation campaign in the Netherlands.
(left) A picture with a student from lIrie laboratory.
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It is the acronym for the Multi-Axis Differential Optical Absorption
Spectroscopy. It is a passive remote sensing technique utilizing
sunlight in a UV/visible range. It can make the precise measurement
of concentrations of atmospheric components such as nitrogen
dioxide (NO2) independently of satellite observations. Some SKYNET
sites have been equipped with MAX-DOAS.

We participated in the International intensive observation
campaign in the Netherlands in September 2016 (Figure). We
were very careful of installing the instrument, with an accuracy
of instrumental elevation and azimuth angles within 0.1 degrees
and finally successful in acquiring valuable data. The spectrum
data were analyzed with our own program to retrieve multi-
component concentration information in the atmosphere, such as
aerosols, inorganic species (e.g., NO2), and organic species (e.g.,
formaldehyde). This contributes to International activities for world-
wide standardization of new atmospheric-observing techniques and
validation of satellite observations.

2008-2011

LEOMREDDONO FEBOEFIHM, BEAE (%) 2005~2014EFE (FH) 2011 ~2015FED N0, DAKTH S LEEOFEHEINEOWBHSH, 2= LIAARIE, 2012 ~ 2015 F

o by, K&EATFHE,

DEEICH T 5 FEIMNE. 2013 ~ 2015 FDOBARICH T 5 FHENE,

Annual mean tropospheric NO2 burdens over respective  Annual changes in tropospheric NO2 columns (left) for 2005-2011 and (right) for 2011-2015. Insets represent annual changes over
countries in kt. Monthly means are shown in gray Korea for 2012-2015 and over Japan for 2013-2015.
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We found an evident decrease of 6% year'in the NO2 pollution level
over China after 2011. The grid-basis trend analysis implies that the
rapid decrease occurred on a provincial or larger spatial scale and
was likely due to a nationwide action such as the widespread use of
denitrification units. In Japan, a turnaround indicating an increase
was observed after 2013. The increase found in Japan was likely
due to increased nitrogen oxides emissions from the power plant
sector as the significant substitution of thermal power generation
for nuclear power occurred after 2011. These finding are based on
satellite remote sensing data, which were validated quantitatively
using our own MAX-DOAS observations. Further investigation of the
observed dramatic changes will provide an essential opportunity
to test our understanding of physical-chemical processes and
emissions.

http://www.cr.chiba-u.jp/lab/Irie-laboratory/
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Our group has been conducting a study on global atmosphere
by utilizing satellite data. A Japanese satellite, Greenhouse Gases
Observing Satellite (GOSAT), “Ibuki”, which was launched in 2009,
is the first satellite that is dedicated to greenhouse gas monitoring.
We develop an algorithm to retrieve greenhouse gases such as
CO2 and CHa4 from thermal infrared spectra obtained by TANSO-
FTS on board the GOSAT. We also conduct a validation study based
on comparisons of our retrieved CO2 and CH4 data with other
more reliable in-situ data. We study global distributions, seasonal
variations, and inter-annual variations of greenhouse gases by
analyzing our validated satellite data.

BET—RITICERT 29— /N—F
Servers for analyzing satellite data
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A space-borne sensor observes atmospheric molecules by utilizing
their absorption or scattering of radiation emitted from the sun or
the earth. Thus, it is called “retrieval” to derive some information of
the earth surface and atmosphere from radiation obtained with a
sensor. The thermal infrared band of GOSAT/TANSO-FTS observes
CO2 and CHa by using the property that they absorb radiation
emitted from the earth surface and then re-emit radiation as a
function of the ambient temperature. The intensity of absorption
of thermal infrared radiation by atmospheric molecules varies
depending on wavelength, and therefore, thermal infrared spectra
obtained with a space-borne sensor include radiation emitted
from the atmospheres of different altitude levels. For a precise
measurement of vertical distributions of atmospheric molecules,
it is desirable to make observations with as high a wavelength
resolution as possible; to achieve a high wavelength resolution, a
Fourier spectrometer is adopted for GOSAT/TANSO-FTS. | have
been developing an algorithm to retrieve vertical distributions of
greenhouse gases by taking full advantage of this high wavelength

resolution.
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October 2010 observed with GOSAT/TANSO-FTS
over East Asia (2010 — 2012)

MREHEXDOHFTEDLSICEDITH
AIBRICL 2BAOH RIZEERE - REMOEREGRN1TE S
2ETT, ZBIERBECAIVEEDREDR S AIFIREFOE
wrRWIzO., HEHIR - RINEL S 2 #big 721 TE L. £k T
BEZEZIYVITEDBENDHD £7, GOSAT D&MD ITE
ETHRESTVETOT, HEICLZ2BEDRS AEEDO LK
RPMT -5ty bEERLIZVWER>TWVET,

concentrations from GOSAT/TANSO-FTS and aircraft data Comparisons of upper tropospheric CO2 concentrations

between GOSAT/TANSO-FTS and aircraft data during flights
between Japan and Europe (modified from Figure 6b of
Saitoh et al. [AMT, 20161)

The advantage of satellite remote sensing is its long-term
continuous measurements in a global scale. Greenhouse gases
such as COz and CH4 have a longer life time in the atmosphere, and
therefore, their concentrations should be monitored globally as well
as in the vicinity of their source and sink regions. The successor of
GOSAT will be launched in the near future; | would like to make a
long-term global data set of greenhouse gases based on satellite
measurements.

http://www.cr.chiba-u.jp/lab/Saitoh-laboratory/
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With climate change now becoming a major issue, understanding
the Earth's atmospheric, marine, and hydrological systems is a major
goal of earth science. “Understanding” in empirical sciences means
exploring and extending “predictability”. Our research group promotes
prediction sciences for the terrestrial environments by combining
satellite observations and various prediction methods. Here, statistical
mathematics including data assimilation and machine learning play
important roles to improve predictions by incorporating massive satellite
observations. We are pioneering the state-of-the-art environmental
prediction sciences through cross-disciplinary research covering earth
science, computational science, and statistical mathematics.

FHHFE20 BRRFAKIET
JUNICAM (2 & 5 tHF 0 FEKF A

A global precipitation forecast
using the Nonhydrostatic ICosahe-
dral Atmospheric Model NICAM

2RART—FRAL - KRFHEHR & #HE

FE, [RBREHOEELR LN B L WEREL I HIRRE TR
LD, REVABABREORLICIE. REFHBEOH L
PRAEL->TVWET, A—R—arEa—95BVIHEXRK
FHHOFT. T—RAMBEERANLEEERCLTHD. Ficit
FEBEICBLI-7 v TT— SRS FIRIEE. S5% %%
DICELCHR - REPEATWET, Al bidznEcic, B
LSRR « R KRS - IAXA EHB TEERARRT—7ALY R
7 I NICAM-LETKF #BF L T& L1z 2OV AT AEBERK

BERADNMIBEREIEDONTE-LERAKETIVNICAM E. B
ER7>H YT NT—FRMLFELETKF 2 A LIV RTLATH
D, ZBEZHELEEBAL T —FRALLICEVFBINTVET,
ZOYRTLIE 207 EL D, JAKADR—/—O>E21—FET
NEXRA £ WS ZFRTEASINTVWET,

Running on JAXA's
Supercomputer (J§52)

JAXA D2/ Y TEEBEAINTLELRART — 9 B> X 7 4 NEXRA
The near-real-time global atmospheric data assimilation system NEXRA
running on the JAXA’s supercomputing system

~N D 'k

Improving numerical weather prediction (NWP) is crucial for
protecting human environments. Data assimilation plays an essential
role in NWP, since it provides initial conditions for NWP models.
In particular, ensemble data assimilation has become important
because of their suitability for the parallel computing systems used
in supercomputers. We have been developing a global atmospheric
data assimilation system, which incorporates the Nonhydrostatic
Icosahedral Atmospheric Model (NICAM) and the Local Ensemble
Transform Kalman Filter (LETKF), in collaboration with RIKEN, the
University of Tokyo, and JAXA. This system has been running on the
JAXA supercomputer since 2017 as NICAM-LETKF JAXA Research
Analysis (NEXRA).

Precipitation FCSTs b]r NE'.\(RA S i iy 3018
4
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T30 E7 ARMICHIT S NEXRA ITL 27 > > T FGEKFA
Ensemble-mean precipitation forecasts by NEXRA: A case for
Record-Breaking Rainfall in Japan in July 2018

MEKEEREETIVERE & [EZEHOZETM

BB X T L E LTEELRESKBERIC. REOAREEIE
REBEELEEZTVWET, /b INFE T, ZEAR EHR
TAREE Z AR ATREKERET VSIBUC ZHFKLTEE
L7ce ZOETNVIE. BRAKBRERAI2EEET NV - A)IE
T, NEEEZRRT DT LBEET NV - ERET NV - FYE
FTIDEDOYTEFTIDLERINTVWET, TOFRT, HE
BT - EETNVERET 570 OMERE - BREOADT —
FELTERBINTWVWETS, 2. ZOHEBKERETIVELER
S[BEETNVOFHT 2FERBEEIETIC. 100 FEXT — DK
ERZH T THTI2MBEZEDTVET,

An Integrated Water Resources Model Cllma‘m Chlllgl Impuu
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Climate change impacts on hydrological cycle estimated

by an integrated water resources model SiBUC

Since the issue of climate change become increasingly important,
evaluating the impact is urgently required. For impact estimates
of climate change, we have been developing an integrated water
resources model (Simple Biosphere including Urban Canopy;
SiBUC), in collaboration with Kyoto University. This unique model
can simulate the natural water cycle on land, as well as rice yields
and the effects of human activities (such as dam operations, water
withdrawal, and irrigation). Satellite observations are used as initial
and boundary conditions to drive the model. We are exploring to
assess climate change impacts on water resources using the SiBUC
model, and link our outcomes to society for realizing sustainable
and resilient societies.

F=E HP : https://kotsuki-lab.com/
@A HP : http://www.kotsuki-shunji.com/
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Environmental Remote Sensing is a branch of science to explain
an interaction between human, including ecosystems, and its
surroundings at the earth's surface using remote sensing (RS).
The subjects are various including environmental issues, disaster,
accidents, and so on. The purposes of this field are not only to reveal
the fact, but also to find the truth behind the issues. Geography
is the other expression of my specialty, which is a science on the
relationship between human and the nature. To recognize the actual
condition, and to understand the special circumstances, of the
problems arising at every where in the world, are the main action to
solve the problem. Current themes are environmental issues in the
arid and semi-arid regions, restoration of deteriorated hydrologic
environment, establishment of UAV (Unmanned Aerial Vehicle)

remote sensing, support to radioactively contaminated region, and
others.

HALBORE, $LbBALBREOBBREVE-— LYYV I LRBBETHNET,
Research on the environment, the relationship between human and nature, with remote
sensing and field survey.

EEBEBZF LR

ADEL LOEENTVWIHIRKREICH T2 AL BROBERMEIC
B 2RFAEFERFLLTTE LT, AERAREICET5H
REBBEEIRTADEL LEEDboTVWET, ENORECLH
D% ZB| EHE 2 IR - FRBMIBICE T2 AL BAROERE
ESHdNED (WEAME). ERILOBRETHLLTLES
ToHBOKBEZEDLIICHEL, EL LT VWMEZAILZT S
o (FAsEMKEOKME)., VE—FEY > Iabo EBER
BERIZTEHWS (FO—VIck 2 BETE), BEFHEEHK
WIHICE T OANLEBROBREEZESWDREI A RS/G IS
ZERE L LDD, BSAE—RBICERXTZVWERVWET,

TREBBTE T4 — W ET—7,
Field work with citizen scientists.

MREZESDOPRTEDELSICEDLTH
B2l [HecL-oTEHzonTHED, HEDZHICRIL TS
DEFHDET (MABFRE. TI/RIXIIEE), ZOHEK
DVWTRIFEZEF O EDDEZFEHBHLELIZ, FRIEFT >
ATF4TUF VT — (BEE) LHEN, e BpHFoRZ
HLRAT—IHRNE— (BREIRTTEVTL L) PHEL
T, MELERL, BRICECLEVWSIEZHTY, OERRET
EAREPBFICCETRI by TRERRTE R, MEOR
B TAT—IRNT—E—RITF (BICRR) 2RLELD, B
ETRCLIMRAZBLTEBZREERL TITESLVEEZITL
7,

BESNICALBRE DN, RFENBEXEOE, MFICHEDH 5D,
Forced decoupling between human and nature. Spring in former planned evacuation area.

The life layer science is the science on the relationship between
human and the nature of the earth's surface layer. The subjects in
my laboratory are concerning the life of human being. Following
titles are the example of my research fields. Desertification : what
is the sound relationship between human and the nature in the
arid and semi-arid region where dust outbreak, deterioration of
soil productivity, are the serious problem ? Water environment in a
closed lake system : how we improve contaminated water quality in
the lakes during the history of modernization, and creat favorable
region ? UAV remote sensing : how we can make remote sensing
closer to the life ? Nuclear disaster : How we can take back lost
relationship between human and the nature in the forced evacuation
area by radioactive contamination. | would like to consider these
issues with you by using RS and GIS with sweat in the fields.

Fo—>vicL2BEME=5Y 7
Crop monitoring by drone.

Science is supported by the society, so the outcome of the science
should be utilized for the society. Scientists reveal an idea for
contributing the science to the society, that is transdisciplinarity.
Scientists in the various fields should cooperate with stakeholders to
establish a research program to understand the issues, and guide to
the solution. | would like to realize transdisciplinary studies together
with scientists, stakeholders, and you. The study is not a desktop
work, but the one to feel truth through our blood, sweat, and tears
at the scene of the problem to be solved.

http://www.lIsci.net/klab/
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Our research is related to “Watch the Asian agriculture from space”.
Satellite imagery showing, for example, green rice or golden
wheat can tell us the yield or damage situation of such crops. In
our lab, variety of spatial information such as satellite data, GIS,
meteorological data and field investigation data is used for analysis
and diagnosis of environmental and agricultural situation. And
implementation of the methods utilizing the spatial information is
also our major activity.

In recent years, the food security has become a major concern in
many countries and a lot of research has been conducted on this
topic world widely. In order to realize the sustainable development
and improvement of agriculture and society, we are confident that
the education to all people concerned in food production is quite
important. So, in our laboratory, priority is put on both research and
education and the two activities are conducted closely together
like two wheels of a car moving ahead together. And since the food
security is quite international subject, our activities always invite

various researchers and people from every corner of the world.

BEVE—-—PEVIVIT LI
ERSFICBVTREZEBEIr DB DN EGEZE TEMLMEREZ
WiafTd &5, FEHOOMIKEBRE LIHEEGEHFE > THEY
OINE. BYORERE., TOBE. FREOKERR G EEH
REIENTEET,

INDLEARZI-HICIE. REORMBRIED LI LELNIPNESR
RELEDT—5 LEEEGRENESELE. ZOBEZHLHIC
LTHEREZERLET, TORXEFED &, ERICHEMICT>T
T HELEL LEHEERGL> OHMOREE RBD. FY
DINBYREEHETE « FHT 2 ELTRICHDET, FEER
EEWEHE —EICRARDZ ZLENTEEZTTOT, BRKEICH-
TTAMOEERRELBICHIDIER LD, HELPRES NI
WEOLHOIMREHDDICHZILBET,

KETOH IR ETEH
Measurement of spectral reflectance in paddy field

MREER2DODPRTEDELSICEDITDH
—SRBEEBBEISKE LTORBERBRY X T AADTER—
LHRE T, LHEBHREZER L OKEONREREE R HIXES
R L. BEGERIEICES T 2IBEETMOE/LE IR MR
ICEBY 2 AFMMFEEBEL. BREAY PRV T THER
REEToTWVWHLEIABTT, VE— bV IV IT—5E%E
AT L VBN EEETME,LERY 2F . BEFMED
ZhEMLE IR IR, E/ERA > T750LICOEDRD X T,
SHic, WIHRRBE TR I 2RBETICL > TRITINED S X —
VERBEMRRICL > TRBLERSMBNICEEELEENTE S L
SXEIT DI LIE. BEDOIHHRMEZIERT 22 Lick 3 LRARIC,
ERELTERDI-OICEBEL RTNIERL LORMOMEFE. B
LARREREOERIRICES TSI L LbRELGHENMELH
5LEZRET,

b T wrveragh

BERRSHTE D7 OREFTMmAER

FETEBE. £EEICLD 74—V IFREOKRT
Decrease in rice yield for calculation of agricultural insurance indemnity  Field investigation with students, government officers and farmers

We can investigate variety of agricultural conditions and situation
such as yield of crops, nutritional condition of crops, soil types and
occurrence of pest & diseases, through analysis of satellite imagery
of surface of the earth, like a doctor diagnoses our health conditions
by investigating imagery taken by medical devices.

In our investigation, we evaluate correlation between satellite data
and actually measured data and then develop a formula to estimate
the conditions and situation. By using this formula, we can estimate
the agricultural conditions without visit to the field. Since satellite
imagery can cover wide area, we can evaluate, for example, damage
situation of agricultural fields or actual situation of abandoned
agricultural field in mountainous area through analysis of the

satellite imagery.

o -
BET— s ofER L0 LFDOERBIRIEH v 7
Satellite data derived map of nitrogen fertilizer recommendation for wheat

—Utilization of remote sensing for damage assessment in
agriculture insurance as adaptation to climate change toward the
sustainable society—

We have been conducting research on new method of damage
assessment for rice through estimation of yield and decrease ratio
of the yield, utilizing spatial information. We are now in process
to implement the new damage assessment method in Japan and
Indonesia. This method can substantially contribute to reduction
of the time, costs, and man power which is a key to success for
implementation of the agricultural insurance.

From perspective of the food security, the agricultural insurance
is considered to play a key role to realize sustainable agriculture,
consequently strengthening the social infrastructure. So our research
activities can have significant value to improve the agricultural
insurance and help supporting the food security and converting our
society to sustainable world.

http://www.cr.chiba-u.jp/lab/Hongo-laboratory/
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EEBHHEY E— > > > 7 (cited from Yang et al., 2013)
Demonstration of Quantitative Satellite Remote Sensing (cited from Yang et al., 2013)
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My research field refers to quantitative remote sensing of terrestrial
ecosystems and its applications. The study topics | have undertaken
until now mainly focused on monitoring environmental changes
of inland waters and terrestrial vegetation using satellite remote
sensing and geography information system. In other words, my
research needs to integrate field works, remote sensing and
environmental modeling. For example, | have developed a series of
remote sensing algorithms for monitoring the understory vegetation
and leaf area index of boreal forests, water quality parameters (e.g.,
chlorophyll-a concentration, turbidity) for Japanese and Chinese
lakes, changes of landscapes caused by land-use/land-cover
changes. In order to validate the proposed algorithms, field works
are necessary for different study areas.

BET—IDDRIICHBICBETSZ7 A4
Satellite Observation of Algae Bloom in an Inland Lake

EENFTEVE—-—PEVIVITLER
EENFEVE-— LYY Y TRYBENCRERNEET VICED
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TEARRRD X H = X LRBICARARTT,

KE - 75 2 DM B 2 BBBEDET
Field Investigation at Alaska, USA
HAREzHEEOHRTEDELSICEDLTH
ANELBRAOBDLD B ETHEMTH DO, NEDOFEEGHIEA
RICRETEEEI RETCHBEVEDLDILLEV] TELZVWTT,
Lo, —ERELZRMCELEHITEHLEDELIAOHDEVWTT, Z
SLIEEETITTFHTENE BZD S 2BHIC. BId -
TR D ZEDTEBZTLEL D, EDDICEZDOOREALRDD
BHDET, —DiEF. REICEVWVERZYI2L—Ya3>TED
ETNTT, TORICHALTE, 74—V FT—9XEBRT—¥
CESVWTHRE LCRART, BARROX D =X LZRBL.
BIDIIBALEHEZREL. ETNORBELZRIEIT 22 LD
RARTT, b I—2iF. ETNERHTE-OICHELSRE
DF—5ty T, RPBETELNIBHRCMRIERTT
A, BEREH - RN LEKNSZVNTT, Lo L. 3L VIR
it (VE—FEYY YT LEGIS) 74— EHA TV RICHE
BHIICED ARNIE, BREOHBREZME L. BEATEHLET d6H
ERENICMESEZIENTE, M 70n0b~v 0% THA
THRAH>DBARARREHENICHRPITI 2 ENAREAD ET,
27992¢L. LD|MEICEVTFALTEDZTL LD, TOFAE
REIRHE LT, BRGHMHRERE L DEEW - SEERNICHABL.
ANEHEADREAIBRARICT /- 00 KR EEEHLZWEE
ZTWET,

BET— 5 hbLIKMW K Case-1 & Case-2 IKIF O R H T
Global Distribution of Case-1and Case-2 Waters from Satellite Data

Quantitative remote sensing refers to the extraction of
biogeochemical and biophysical parameters of the Earth surfaces
from remotely sensed data using variable mathematical techniques.
For example, the land surface temperatures can be extracted from
the Himawari 8 data sets, which are now managed by CEReS.
This kind of study is necessary for understanding the natural

phenomenon at global and continental scales.

BA - BB S T 2 RBRAEOKT

Field Investigation at Fuji-san, Japan

Since the relationship between human beings and natural
environments are extremely complicated, influences of human
activities on natures often cannot be understood unless they
happened. Unfortunately, many anthropogenic influences are not
recoverable. In order to be prepared for the coming risks, predictions
of possible changes by environmental models are needed.
Consequently, two issues are required to achieve this objective.
First, environmental models should simulate realistic environments
accurately. In order to do so, in situ data and experimental data are
necessary to reveal the mechanisms of variable natural phenomenon
and to evaluate the performances of the models. Second, high
quality input data for driving the environmental models should be
provided. Although the in situ data are usually with high accuracy,
their availabilities are often spatially and temporally limited. On
the other hand, novel remote sensing techniques provide new
opportunities to overcome the limitations. Therefore, combination
of remote sensing, GIS and in situ measurements can generate
observations from micro to macro scales, consequently yield
clearer understandings on natural phenomenon. More accurate
simulations can also be achieved through doing so. By using the
effective predictions on future Earth, better decisions can be made
to guarantee the sustainable developments of human societies and
natural environments.

CEReS - CENTER for ENVIRONMENTAL REMOTE SENSING
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VLH#BS
Virtual Laboratory Lectures
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Remote sensing is connected with so various disciplines such as
science, engineering, environment, and climate that it can offer
platforms for an integration of different fields and creation of new
fields. It also offers a quite number of social applications.

CEReS is authorized as a joint usage/research center by MEXT*,
being the only one center specializing in remote sensing studies.
We select around 50 joint researches a year through an open
application, and introduce the achievements in our annual reports or
CEReS Symposiums.

To play a role as an Asian hub as well as the core of remote sensing
studies in Japan, CEReS has promoted international joint researches.
Besides an annual international symposium, several agreements
have been tied for an academic exchange and cooperation with
overseas universities and institutions, encouraging active research
cooperation.

*MEXT: Ministry of Education, Culture, Sports, Science and
Technology

CEReS EREY > RY Y A

CEReS International Symposium

The research on climate change has been implementing since 2007.

It is named Virtual Laboratory ran by 4 university-collaboration as

followings;

+ Atmosphere and Ocean Research Institute, The University of
Tokyo

R E / KAKENHI (Grants-in-Aid for Scientific Research)

(EBHPRB) FEMET VR FO—>T =9 ZBWIOKRBREIC L 2EIN Y X 7 FHEFEDRBE
(Scientific Research(B)) Development of risk assessment method for rice yield reduction by disease using crop model and drone data

(EBHE B) EFFEAREKBRETVICL2EHI 70V VO KA THEABRIVFIECE T 2R OHEE
(Scientific Research(B)) Promotion of study on the UV-visible optical absorption property of organic aerosols using a ground-based observation
network and a climate model

(EBPR B) KR - KEET —RAML — KXy I TF—sEICLZ2RR - KX FHDHE—
(Scientific Research(B))Land-Atmosphere-Coupled Data Assimilation: Improving Atmospheric and Hydrological Predictions by
Hydrological Big Data Assimilation

(EBMARC) VELD BB LT —ARTLARRL—FIC L 2BRAERENHOBEERKER
(Scientific Research(C)) Synchronized observations by Himawari-8 and Phased Array Weather Radar for the initial stage of cumulonimbus

(EFRR) SRFEFRECONB % B8 EEEBH 0 BRI & EEE X H = X L OfFH
(Early-Career Scientists) Investigation of lubrication properties and low friction mechanism by solid lubricant aiming utilization at elevated
temperature space

(BFHR) AEHOBEERBE ICE T 2MMRES CMEATR - XEREDHTERER EADRERH
(Early-Career Scientists) Acquisition of New Knowledge on Vegetation Surface Temperature in the Tropical Zone and Development toward
Improving Estimation Accuracy of Vegetation Respiration and Photosynthesis

(R (BF ) ZE—LARBOL—SFICL2REY E— > Y JTHEBORREENL
(Challenging Research (Exploratory)) Acquisition of New Knowledge on Vegetation Surface Temperature in the Tropical Zone and
Development toward Improving Estimation Accuracy of Vegetation Respiration and Photosynthesis

EUNYNES X —
® ERILKRF 2 (RS — +XHB ) BF7 V7 ORBBC 50 THREREAF BRI T 2 REMEO M & BREERT
® FLI K= 6 (Research Activity start-up) Extraction and High-Resolution Analysis of Anomalies in Land Surface Temperature during Extreme Heat in East Asia
o . = e = = - o _
® ZoftHTiEE 3 (FRR 5 — F%IB ) BHAHRE - BEMSBEBE S — s A L 2 MBBMOKRABTREE=5 >
o —RiZE 3 (Research Activity start-up) Monitoring paddy rice growth stage in field scale using fusion satellite data with high spatial and temporal resolution
o Zofts 5

Z DO NEER / Others

ESIEN sl 2 N S s i il BHRLRELBERLICKEBEZBHENRLE LTORERRICE T IEETMFLEOBELURER
JICA, JST SATREPS Development and Implementation of New Damage Assessment Process in Agricultural Insurance as
Adaptation to Climate Change for Food Security

REBEREES GOSAT-2 Lt FERAIIC & 283k X & VI BHEE L FHEFEO TIBNHRE
ERCA Estimation of Regional-Global Methane Emissions and Refinement of Its Estimate by GOSAT-2 and
Surface Observation

* Institute for Space-Earth Environmental Research, Nagoya SR 2 7T S kA GCOM-C/SGLI &TEEMIB, RUA W VIBETZ VT U XL ORISR (2020 £)
University JAXA Maintenance of the algorithm for Orientation and Ortho-rectification of GCOM-C/SGLI
» Center for Atmospheric and Oceanic Studies, Graduate School
of Science, Tohoku University FEAME IR GCOM-C ASMEFAMERNE, EEMIEHY - AR EDHHBNE T 05 2 F ORIFHAOBHES & U

* CEReS, Chiba University.
The latest Virtual Laboratory lecture was held at CEReS in
September 2016.

JAXA H EEBNA FXRBEETVTY XLADORER

Development of validation method of GCOM-C atmospheric corrected reflectance, LAI, fAPAR products,
and improvement of above-ground biomass algorithm

EBLTLIHRES
Acquisition of research grants
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SKYNET

EREABNOFKBEZ AR L 5 GOSAT-2 DN FRYER VEBRREHRET — & OFHEFEDORMF
Development of GOSAT-2 PM2.5 and BC product validation methodology applicable to an international
observation network

[l oMiE] 2H/ACT 2T —5RL - FAFEORE
Advancing Data Assimilation and Prediction Methods to Maximize “The Value of Observations”

YO wRITAT Y PERETHMDI-HD SKYNETHb EU E— bt > > > JEAIMMAE EE & L7 GCOM-C
K705 7 + DRI

Validation study of GCOM-C atmosphere products based on the SKYNET ground-based observation
network for success criterion evaluation

GCOM-C A F DREFHEE 7 =/ 0 Y — (LSP) LAi—RAEER (NPP) 050 b7 T U XL DIEE
Algorithm development of land surface phenology (LSP) and net primary production (NPP) products for GCOM-C

RRBEIRFHBEOEDLD 8 - 95T ZHVEHFE IC & 2 BIFRHDAEREREIKHETE S & U GPM EK

Ry 770 F~DER

Estimation of fine-time-resolution rain-rate by machine learning method using Himawari 8/9, and its
application into GSMaP

WROBEEAERFICANI, LEOBSLUGEOBAT - OB IC L 2EEYIEEHT BB LICREE -
ERGRET — s BHFEORHK

Development of high frequent and high resolution vegetation data by integrating LEO and GEO observations
considering future satellite operations

http://atmos3.cr.chiba-u.jp/skynet/

Himawari-8

https://www.cr.chiba-u.jp/japanese/database.html

ASRBRERS O EHRAWT — 5

Ground-based atmospheric observation data

CEReS XEEM EY £E— b > > > JEAIME (SKYNET) 235U CEReS is a leading institute for the international ground-based

BET—%

CEReS Tid. U EH D ES. NOAA/AVHRREDHE T — 5 % Fl
BLRTOLSICHE -BILEBL/IT—9v2EEL. IREARDT
IZWeb ¥ FLDEEABLTOET, 5. 2014410 BicfT
L RN TOFEDLD 85 FEAF v > xIVE 16, FBEBE
FInEzco2E, $7-BHABEEE 29 30WBICTIEREEML.
A THRET SIEIAEY. KILOEEHIEZ 22 LATBEICKR
D% L7, CEReS THRERF LD UEHLDN 85T -5 DIEHHES
. T—9ORWELZOBEHOREFE LT, ThETEREIC
MERABEFICT—IERBELTVET,

vEbDES . _
HIMAWARI-8 : Bk Jny
Meteorological Agency
[EHELY Y —
U‘ i b D 9 % Meteorological Satelite Center
HIMAWARI-9

Satellite data

Our primary function is to receive, process, archive, and distribute
satellites data such as Himawari imagers and NOAA/AVHRR free
on the web for environmental studies. Himawari-8 launched in
October 2014 has 16 spectral bands imager, 2 times finer horizontal
resolution than Himawari-7°s instrument, and 2.5 minutes interval
rapid scan mode. These functions make it possible to track the rapid
developing cumulus clouds or aerosols generated from volcanoes.

CEReS receives the Himawari-8 data from Japan Meteorological
Agency, archiving and distributes the data to researchers worldwide.

CEReS L W

F— SR - R7F - AB researcher
Data archive and distribute

i) SREBXELVI— =y S
""" Japan Meteorological Business reees private sector

Support Center (JMBSC)

3
O 1 ELUANDBAATREIC K o T2,
The figure shows the smoke of the forest fires is moving eastward

BRMKEOBELIRABET 2HF, IRNY FOD I —fbic & DBEATEGET

DFHICHBVEND,
The growth of clouds near the eye of a typhoon can be observed clearer by

0 2 BRFOMNEOFEDKRTF EHBICIRZ 5, TLREERANT -5 IC & DHER
short-interval scan.

TEENLEKREZR/IZLTUVET, SKYNET EKBEAKRER S
(ZT70VI-E-BEKE - BMH) e X LBRANSREL. 7V
FEERDICHRZ TERET - 2MBLTVWET, ZOEH
IZ& D, SKYNET REIRAOHREZZFICOLCEHBERY T —
JELTOHEEDRIZLTVWET, BoN/BELET—F 3R —
LR=IJ G EPLRHAL. BRAOHEBANI vy >3 >vDT7T—%
DEENRIICKIEZEAR - AKREMR & Vo FLISBHFIC
BITENTVWET,

remote sensing atmospheric observation network, called SKYNET.
SKYNET targets aerosols, clouds, trace gas, and radiations and is
acquiring their data at many sites distributed globally, mainly in
Asia. Through this activity, SKYNET acts as an international network
linking many researchers all over the world. Data are made open
to the public through our web sites and others, contributing to
validation of data from various international satellite missions and
hence contributing to advanced climate researches and atmospheric
environmental researches.

O 3 2KE 10 0B THATE 2, BAOBBEEICELD. BRFETHRET IMAZTC. KILOBEEHIRZ 2 Z ENABEICE 0T,
The shoter interval scan is able to track the rapid developing cumulus clouds and flow of the volcanoes smoke.

CEReS Gaia

WEF -4 Geospatial data

http://www.cr.chiba-u.jp/databases/GLP/database-GLP.html

0 1 ‘ SKYNET EBf#tb EY E—bE> > >

SKYNET observation sites

32

THROBRY A

0 2 ‘ SKYNETEK 7 -2 >3y TOo2FER
Photo taken in the international SKYNET workshop

BET—5. HRT -5 MABRN. MEEELEHLD DM
BT —sHETE7-HDHY A b CEReS Gaia Z:EF L TVWE
T, B, BEBENICIS RS —F—NEHELTED, 41> FX
PTRFEFBICERSNATVET,

CEReS has established the system called CEReS Gaia for exchanging
geospatial data such as satellite data, map data, research products,
and ground photos. A mirror site has already started its operation in
University of Indonesia, and any research institutes can access with
the site.
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Facilities for Joint Usage
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BEREZEE Anechoic Chamber

RAORBAOI-ODEREL LTEREEEZHMBELTED.
HEAMBARICLDFERTZ2IENTEET, B I9—DBKRK
BEEDMRIZERE1-40GHz (¥4 7 BK). TR 6.6 X1E 4.0
X&24m TY, ZORMBEIERREAR, BHALRR. 7> 75 -
YA/ OREBORR. FHEREEOHRFICERATEL Y,

Our anechoic chamber can operate in frequency range of 1
to 40 GHz (microwave) and size L6.6 x H2.4m. This facilities
are available for radio wave environmental test, scattering
experiment, and antenna and microwave instruments including
spaceborne instrument etc.

MEHRBANFTFEOM EEFHB Satellite Ground Station

2014 EICHKEATEOEH LT/ REROWBEEFRB (o~
VECFUARYISAYE T=FFILULT IXNVE) &
LY I—DIFICEHRBLZE LTS

Satellite ground station with S band for command telemetry
and X band formission data downlink was installed on 21
December 2014. The 3.6m diameter antenna and main control
room of satellite ground station locates on 9F and 8F of
Engineering Research Building Nishi Chiba campus. CEReS
provides the opportunity to use the facility for coorperative
research.

CEReS DA AKX ER CEReS Atemospheric Observation Systems

CEReS i, T 7OV I - EE-WESHE - T LW -T-AKEE
BBbaBat A7 A -y 5RABICIHAT 2 ASBHEBE
(SKYNET BB # LY E— b v JBAIM. K514 5—v R
T L ESDTIND N (DOAS) P AT LK E) A L. BIF EifiT—
SERBLTWET, BonicT—s IZERAOEHEHRAI v 3
YOT—S DEEBNRIEPLPIBRENMR - KRBREMEL Vo TI:
IBHIRICRITONTUVET, 72, NASAR® JAXA ZiZ Lo &
L7 ERMEOEB 2RI 2 AR—AFRBHETEZ EITLD,
ERANAOHBERTZREL TVET,

CEReS has unigue, massive atmospheric observation
systems comprising instruments of the SKYNET international
remote sensing atmospheric observation network, lidars,
and differential optical absorption spectrometer (DOAS)
instruments for observations of aerosols, clouds, trace
gases, and radiations. Their observations are conducted
continuously. The acquired data contribute to validation of
data from various international satellite missions and hence
contribute to advanced climate researches and atmospheric
environmental researches. Furthermore, space for other
international institutes such as NASA and JAXA to collocate
their instruments can be provided, enhancing international
collaboration activities.

34

ﬁ:&
B
Education
° ° ° o o

MEEIZFFMRRENFERIE-ME> Y

PERFS LN

Learning at Graduate School of Science and Engineering

RERTIE. VE—bEY YU IAEMIT LIz E L TEL
FRIENTEET, FORFERICOVWT, FLLIZHBNML
7,

You can learn Remote Sensing as one single discipline at
graduate school in Chiba University. The details about the
graduate school are shown as below.

AERMAEIZRF
FEASZOBIZRAFRIE. 2 E CEPFRE. THHFRE.
AR ERO=MREMER T L7z, 2017 (FK29) £4 BAn
LbINLEHE L CHEBRIFRIERELE LTz, TOFFTIE.
BANBICBT2EBEORRL, TNOEEBLTZ2TIENGS
FEILLDANBOEREAROERNAERCBNIC. BERUT
ROREOBE MEOHEICL 2 ANEHEOBRBEOR AT BIE
LTwExd,

MEETZN HERRERSFER
BMEETIZFICE. 5 00BN (MPFBEHRHMFIER, HKRER
FHER FHEBLFER, AIRIFER. ERIZFER) 25807
bnE L7z, WIKRENSZERIZ, BZ2HFO (ki
EISHHO [HHBEY T LI—Z] LMz T, BIMAH
D [VE—bEY>YYTO—X] poHEDET, KOWEKTOH
KEZER—2ic, THRNVF— - ER - BHE. HRRECHE
THRMBEEERL., ZORROI-OOFI-LEHZAEL TVE
9, WEREAEMLE LT E— Yy TRTEARDOHE
MHIARDPTFO—DTHD . AILLER20 FULEIChT2D [
BUE— btV IHMREY S —] OMBEELELI-BBEE
BLET,

WHRRENSFER VE—FEYYYJa—-2
HIKRERZPEROL I - 2OEMEIE Tk, HRRERZ. U
E—bErorS BHBREYZT LAOEBICHI-ZEVWERMMK
EESBBERMHELET, BlIcUE—FE>Y Y IO —-R T
VE— LYY U 7IC L 2MIKIRBEAOER & 702 BB &
FELEMEBICE T 25ELEMABOESOILO. BIL D
ORBENICAZRELRPEREL COSE—BHBTER/BICA
NIHBERBEFRMELET, COBFRLREC. BEVE— Y
Y THERREBICET IHERNGCMBOBBRICMZ T, 21
TEMPTFORMBORBRIER S 27100 emdTVESE
¥, [MEERER]. AT — sl [VE—rE>TIF],
BIREAM R X7 4]0 HIKKEBEHAZ ], HIKREHAZ].
MFgREYE— > v 7| [R&RVE—bEY> V7] [
HHEEVE—tE>I VT [KERYE— b2V VT B E
ORBMERELET,

Graduate School of Science and Engineering

Graduate School of Science and Engineering has been newly
established in April, 2017. In the education and research of this
new school, we aim at solving serious problems in human society
through both scientific and engineering approaches.

Division of Earth and Environmental Sciences

Graduate School of Science and Engineering consists of five
divisions, Division of Earth Science Environment being one of them.
The division has the following three departments:

» Department of Earth Science

» Department of Urban Environmental System

» Department of Environmental Remote Sensing

Based on Earth Science in a wider scope, the Department of
Environmental Remote Sensing targets issues on energy, resources,
and global environment.

Department of Environmental Remote Sensing

Each department of Earth and Environmental Sciences Division
offers subjects which can cultivate high quality specialty covering
earth and environmental sciences, remote sensing, and urban
environmental system. Department of Environmental Remote
Sensing provides broad education programs in both master to
doctoral courses for acquisition of basic knowledge regarding
global environmental observation by remote sensing and advanced
knowledge on specific fields.
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Graduate School of Science and Engineering

#A R ASHRMATE TSR CHRBERN ARERE LR

FEROYE— 2>V ITOI—X % Division of Earth and Environmental Sciences

ZLTWEd, 72, FPHETIE. B JE—PEYIVYFIO—-2R

"_:—‘),‘-_EB f&ﬁkﬁl’%"'—ﬁl\ I%"'—EB,@’%I%"'—*SI-\ :I% Department of Environmental Remote Sensing

BIFOA-RBLUHBHRES T L o

Q- TEERRGEEALLTVET, : . :
TFERFHEFE FERFIFE FERF M

The prOfessors Of CEReS belong to other faculties

other universities

Department of Environmental Remote N e
> ‘ ] " N e

Departmentof Earth Science o T

7 DMmERIH, D ’

Sensing, which is in Division of Earth and

BHRIFI— R
Department of Informatics
and Imaging Systems

HHRE> AT LO—X
Department of Urban
Environmental System

Foftba—2H 56

other Departments

Environmental Sciences under Graduate
‘ other Departments

School of Science and Engineering.

Future Careers

AZRET ROER

EXET &

BHET £ ERECE~DIRE . BEXETE
BHET £ EHE - FEEAD

ML Lo TWVWET,

BB
(BoF)
BB
&##B)

After the graduation of master and
doctoral courses, students found
jobs in companies or academic
institutes.

B II

(B

T 30 F~HMTEEEM

L ECELIN i (KR

BB (HB5)
13 (11)

AV RERITZOKBENRELT, 470KV E— bV IRTORRERICET S
HREToTWET, HMAETIE LIKRWOBRESGHKEOL -5 —EREHEI-EHLE
TR TV, KERERBICS T IKMOBRERELHEEI 2FREBELTVWET, JUR
ZEICHV, SHDEAKREZTOEMAFHRINTVWEZ b, REGHWEBIELTREL T
SEMANDEENEET > TVET, IRZBEL T, BoNI2HREZHENEEICERET O
THRICBETT DI EHPARERTHD ., VVWTEHERNRERELRRETEILEICELE I LS
BELTVET,

A subject of my research is application and implementation of microwave remote sensing technology
to paddy field in Indonesia. My research purpose is to develop a method to assess damage of rice
in paddy at time of flood through integration and analysis of both data by SAR (Synthetic Aperture
Radar) and data by field investigation work on site. Due to climate change, it is anticipated that
natural disaster will occur more in future and that this will increase demand for advanced technology
to quickly analyze and evaluate damage caused by the disaster. | hope that results out of research
activity could make contribution to increase benefit to society directly and lead to promote food
security eventually.

BEH4E Overseas Students

CEReS TIRREZ K DBZEEZRITANATY
19, BIL7o7h o0 BRAMHPEE
THD., VE—+EVI Y IDBFOTY
FONTELTHELTVWSLEERET,
CEReS accepts many overseas students.
Especially the number of those from Asian
countries is outstanding, that is why we
function as "Asian Hub" of remote sensing
field.

Prane Mariel Ong | #+%5®=%E T PhD Graduate

My research was on near-ground aerosol analyses using lidar and other ground-based
instruments under the Environmental Remote Sensing Department. One of the advantages
that this program offered is the ease of access to various instruments necessary to conduct
my research. Aside from various lidar setups available: slant and vertical, such ground-based
instruments are the aethalometer (for equivalent black carbon), the present weather monitor
(for visibility), the integrated nephelometer (for scattering coefficients), the particle counters,
and the sky radiometers of SKYNET. Another advantage is the support they offered to attend
local and international conferences, which added to the experience and expanded my network
in the same research field. Lastly, the diverse background of the students and professors in
the lab provided good dynamics during research discussions, which | think contributed to
the betterment of the formulation of research ideas. A key factor that helped me to finish my
degree.
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