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Advancing Research on Global Atmospheric Environmental Changes
Using State-of-the-Art Remote Sensing Technology
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The SKYNET project, established by CEReS professors emeriti Takeuchi, Takamura, and Kuze, who have
led the field of atmospheric remote sensing, is now being inherited and spearheaded by Irie. Additionally, a new
international observation network called A-SKYY was launched in fiscal year 2021. This network includes the
Chiba-U Atmospheric Environmental Observation Super Site, located in one of the world’s largest megacities.
Combining two cutting-edge remote sensing technologies — sky radiometers and Multi-Axis Differential Optical
Absorption Spectroscopy (MAX-DOAS) — the A-SKY project derives concentrations of key atmospheric
components. The accumulated data, integrated with satellite remote sensing, focus on addressing various
unpredictable phenomena emerging not only locally but also globally. The observation data collected are shared
and made available to the international research community, contributing to discussions enriched with related
findings and supporting various satellite observation projects. Through these activities, the project advances

research into global atmospheric environmental changes.
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Fig. 1 Overview of SKYNET and A-SKY observation networks.
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Fig. 2 verview of Chiba-U Atmospheric Environment
Observation Supersite.
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Fig. 3 lllustrations of results obtained from observations of aerosols and their precursors at Chiba,
Japan, and Phimai, Thailand.
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Fig. 4 (Left) An illustration showing a slight northward shift in transboundary air pollution pathways
due to climate change. (Right) An illustration of a detection method for lightning-generated
nitrogen oxides using a combination of ground-based and satellite remote sensing.
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Fig. 5 An illustration bringing a new perspective on improving the prediction of extreme
weather phenomena, such as linear precipitation zones, through the novel perspective
of atmospheric chemistry.
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As the study of disasters and the global environment progresses using remote sensing technology, the
limitations of existing observation methods are often an issue. In this research project, we will proactively
break new ground by developing new remote sensors and algorithms for targets that have been difficult to
observe adequately. In particular, we aim to create cutting-edge remote sensing and generate new environmental
information through activities such as integrating and utilizing microwave remote sensing information,
acquiring global environmental information including crustal movement and vegetation information using next-
generation small satellite sensors, as well as sensors mounted on stratospheric platform systems, aircraft, and

unmanned aerial vehicles.
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Fig. 1 CP-SAR onboard microsatellite. Fig. 2 Mechanism of the CP-SAR.
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Fig. 3 C band CP-SAR system.
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Fig. 5 Microstrip array antenna for TX-RX of CP-SAR and installation on CN235 aircraft.
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Fig. 6 Full polarized images of C band CP-SAR (LL, RR, RL, and LR modes).
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Validation of GCOM Satellites and the Development of Vegetation Remote Sensing
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The purpose of this research is to understand the annual variation of global aboveground biomass (AGB),
which will help to elucidate the carbon cycle. To achieve this, we have been deeply involved in two space
missions (GCOM-C and space lidar MOLI) that enable high-precision estimation of the global AGB since
their planning stages. We also developed the world’s first observation equipment using an autonomous large
radio-controlled helicopter that can acquire vegetation colony scale bidirectional reflectance and high density
point clouds to justify the launch of the mission and develop product estimation algorithms. Within four years
of the start of GCOM-C operations, we succeeded in estimating the global AGB to meet the standard product
standards, and the product is still being produced. In the future, MOLI will be launched into orbit in 2027, and
the high-precision global AGB data cultivated in this research will be accumulated for a long period of time

while ensuring quality. This data is also expected to contribute to the development of an integrated Earth model.
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Fig. 1 Global above-ground biomass (AGB) product derived from GCOM-C SGLI (2019).
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Fig. 2 Mobile ground-based spectral reflectance RERTAIS 25 L

measurement system. Fig. 3 Simultaneous measurement system

for vegetation coverage and ground
surface spectral reflectance.
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Fig. 4 Grassland biomass across Mongolia estimated from the 8-day AVHRR LAC composite
data in summer 1998 (blue indicates pixels or water bodies that remain affected by
clouds, red indicates forest areas, not subject to the algorithm).
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Fig. 5 A radio-controlled helicopter and the base station. The helicopter can simultaneously carry
equipment such as a spectroradiometer and laser scanner.
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Fig. 6 Example of observation using a radio- TmERES>TRULER (BTTIH)
controlled helicopter. Fig. 7 An example of using ground observation data to
demonstrate the feasibility of estimating forest
aboveground biomass using the three-dimensional
structure of tree canopies (larch forest).
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Fig. 8 AGB in 2020 estimated from SGLI data in conjunction with space LiDAR (GEDI) data.
In the future, we will generate AGB products using data observed by JAXA’s MOLI.
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Monitoring Terrestrial Greenhouse Gas Budget

by Synthesizing Ground Observation, Remote Sensing and Modeling
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Climate change caused by anthropogenic greenhouse gas emissions is one of the most important issues in global
environmental studies. It is essential to understand the mechanisms of absorption and emission of greenhouse
gases and their fluctuations, as land areas are distributed with various vegetation and soil, and they are sources
of absorption and emission of greenhouse gases. Our group is trying to elucidate the mechanisms of greenhouse
gas absorption and emission in an “integrated” manner by balancing a wide range of methods including ground
observation networks, satellite observations, and numerical modeling. Our target areas are countries, continents,
and the globe. In particular, we are working on upscaling using ground observation networks and satellite
observations, model development that integrates satellite observation data and numerical models, and terrestrial

environmental monitoring using geostationary meteorological satellites such as Himawari 8/9.
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Fig. 1 Overall research flow. Using the study of understanding the terrestrial CO, budget
as an example, (a) contemporary issues and (b) future trends in the approaches by
atmospheric concentration (Top-down approach) and by the land surface (Bottom-
up approach) are shown'".
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Fig. 2 Conceptual diagram of a method for estimating terrestrial CO, absorption and emissions
using ground-based observations, satellite observations, and machine learning.

136



FE6E HEHIMARR

MERARTECLERESRAZY b7 -7

GEOLAND-NET

ST SWE (eLmM)
'
..-*
}pQ

R3 BIEKRFEICLZEEESRBAFER Y F7—78ER, 7O 1
7 b Web: https://ceres.chiba-u.jp/geoland/

Fig. 3 Conceptual Diagram of International Land Observation Network
by Geostationary Satellites. Project Web: https://ceres.chiba-u.jp/
geoland/
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Fig. 4 Spatial distribution of the difference in the carbon budget between the 2000s and the
1960s-1990s. Negative values (blue) indicate a stronger CO, sequestration trend in the
2000s than in the 1960s-1990s. Results are estimated from a terrestrial ecosystem model.
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Fig. 5 International Workshop on Land Monitoring by Geostationary Meteorological
Satellite, held in collaboration with the University of Hawaii (August 7-9, 2023 at
the University of Hawaii at Manoa). (Left) Information flyer (prepared by Technical
Assistant Kosugo), (Right) Group photo.
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Global Analysis of Greenhouse Gases Profiles from GOSAT Satellite

Tk mT  HEER

Saitoh Naoko, Associate Professor

BHEdh 2MEOHRE

ERRA 2 (GHG) %213 U, HERKRSGH O EAEG. BRI R E A O W 2 -
TWA5FnNE, T FORBREZFIH L THRA ZRSMESKOREZERT 52 LA TS
bo AT, EEDR Y 2 BIHIE M # 2 GOSAT (Greenhouse gases Observing SATellite) ¥ &
K Z DHEEEGOSAT-21cH ST b 7 — VU =4 HE TANSO-FTS (Thermal And Near infrared
Sensor for carbon Observation-Fourie Transport Spectrometer) # & Of TANSO-FTS-2D #4774} (TIR)
Ny FOBHIZ <2 v b, ZMbRFE (CO,). x &> (CH). —HL—%FE (N,0) DOHRER
Bof (a7 740 8HT 57 0aY) XAERBFEL, BHLAGHGEE 2 MEKED T — £
LI 5 2 ETHEEL 729 2 Ty GOSAT/GOSAT-20 GHG 7r 7 7 A vTF— &2 % T, 2T
GHG DR AR & R5SHXE DR 2 T L 72,

A lot of minor gases in the Earth’s atmosphere, including greenhouse gases (GHG), have their own specific
absorption lines in the thermal infrared wavelength region, and therefore, we can retrieve concentrations of
these gases by utilizing their absorption characteristics. This study has developed an algorithm to retrieve
vertical profiles of concentrations of carbon dioxide (CO,), methane (CH,), and nitrous oxide (N,O) from the
thermal infrared (TIR) bands of TANSO-FTS (Thermal And Near infrared Sensor for carbon Observation-
Fourie Transport Spectrometer) and TANSO-FTS-2 on board GOSAT (Greenhouse gases Observing SATellite)
and its successor, GOSAT-2. We have validated GHG concentrations retrieved by the developed algorithm by
comparing them with aircraft observations, and then analyzed GOSAT and GOSAT-2 GHG profiles to reveal

characteristics of GHG sources and atmospheric transport processes globally.
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Fig. 1 Comparison of CO, concentration in the upper IV
troposphere between TANSO-FTS and CME. Fig. 2 Comparison of CO, profile between
[Fig. 5, Saitoh et al., AMT, 2016] TANSO-FTS-2 and CME.
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Fig. 3 Seasonal advection of CH, (in Million-ton CH,/month) calculated for the upper
troposphere of the tropical region (10° S-10° N). Positive and negative values
indicate the flow toward the north and south hemisphere, respectively. Black line
shows the annual average. [Fig. 3a, Belikov et al., 2022]
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We are dedicated to the research field of “satellite ecology”, focusing on integrating and comparisons analysis
for terrestrial and aquatic ecosystems within the global biosphere. Our research employs field observations and
satellite remote sensing to collect ecological function information for global ecosystems, with the objective
of elucidating and modeling the mechanisms of a variety of natural phenomena on a global scale. To be more
precise, our research focuses on vegetation and water regions where photosynthesis occurs, and new algorithms
are developed to enhance the estimation accuracies of a variety of biogeophysical parameters through satellite
remote sensing. Accordingly, we generate long-term global satellite products using the developed state-of-the-
art algorithms and elucidate the characteristics of spatiotemporal variability in ecosystem phenomena, including
photosynthesis, carbon cycling, and biodiversity. Subsequently, we will conduct global ecosystem modeling by
identifying the drivers of climate change and human activity through methods such as causal statistical analysis.
It is expected that this type of research will facilitate a more precise comprehension of photosynthesis and

carbon budget on Earth.
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Fig. 1 Three regimes of “satellite ecology”: field observations, creation of
satellite products, and analysis of environmental changes.
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Fig. 2 Total framework of recent research: (a) measurement of biogeophysical parameters
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estimation of primary production over water regions, and (d) the same over
vegetation regions with the phenology prediction model.
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Fig. 3 Comparison of the proposed and conventional methods for calibrating PlanetScope

data. Raw images (top) and calibrated images with the conventional (middle) and
proposed methods are compared.
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We develop estimation methods of terrestrial physical quantities such as land surface temperature,
evapotranspiration, and gross primary production from geostationary satellite data, addressing challenges in
urban and vegetation environments. The currently operational third-generation geostationary satellites, like
Himawari-8/9, offer a high temporal resolution of 10 minutes. To fully utilize this advantage for terrestrial
monitoring, we propose low-uncertainty estimation algorithms that can be applied to shorter time scales
and conduct validation activities across diverse environmental conditions to enhance product reliability. In
application studies, we focus on thermal environmental variations over timescales of a few hours to several
days, which have been difficult to capture with conventional land remote sensing. Our work investigates the
relationship between urban land use and temperature rise, detects plant stress under hot/arid conditions, and

examines the impacts of heatwaves and cold spells.
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Fig. 1 Land surface temperature estimated from Himawari-8
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Fig. 2 Extraction of diurnal changes in land surface temperature: Application to urban
environments considering the effects of sea breeze and land coverage.
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Fig. 3 Extraction of diurnal change information of land surface temperature: Application to
vegetation environments, including examples where extreme heat affects vegetation
drying.
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Fig. 4 Error distribution of land surface temperature estimated by three algorithms (a:
SOB, b: WAN, c: YAM) during the daytime in October 2018, d) observation zenith
angle, e) land surface temperature, and f) precipitable water distribution.
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Monitoring and Forecast of Large Earthquakes and Tsunamis
by Satellite- and Ground-Based SensorWEB
— Creation of a Next-Generation Early Warning Information System
for Effective Earthquake and Tsunami Crisis Response Navigators —
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Hattori Katsumi, Professor
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To build a social system resilient to earthquake disasters, we will develop a next-generation early warning
information system for effective earthquake and tsunami crisis navigators in a timely manner and with the
necessary quality and accuracy by making full use of satellite and ground remote sensing data (SensorWEB).
Specifically, through international joint research, we will 1) extract information on earthquake precursors
and elucidate their physical mechanisms using satellite and ground-based big data, 2) develop and apply a
stochastic probability model of earthquake occurrence using earthquake precursor phenomena, and 3) develop
an emergency tsunami warning system using ionospheric electron density variations. We are studying how
to extract earthquake/tsunami related advance information that meets the needs of beneficiaries. And how to
express and provide such information to beneficiaries (decision makers) in a way that encourages specific and

appropriate actions and realizes a resilient society that ensures safety against disasters.
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Fig. 1 Conceptual diagram of the Next-Generation Early Warning Information System for
Effective Earthquake and Tsunami Crisis Navigators.
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and ground-based SensorWEB.
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Fig. 4 Conceptual diagram of short-term earthquake forecast based on stochastic probability model.
Parameters with both statistically significant correlations (a) and precursor properties (b) are
assimilated into ETAS for main shock forecast (c). Extension to spatio-temporal forecast (d)
and improvement of Binary forecast (improvement of AUC in figure b) are also implemented.
Detailed analysis of precursor phenomena will also help to elucidate their physical mechanisms.
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Fig. 5 Conceptual diagram of tsunami detection by GNSS. (a) lonospheric electron density fluctuation de-
tected during the 2011 Tohoku earthquake, (b) TEC fluctuation excited by earthquake surface waves,
(c) Tsunami excited TEC fluctuation, (d) 3-D time variation of ionospheric electron density.
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Fig. 6 Relationship between ULF magnetic anomaly variations and earthquakes. (a) An example of magnetic
observation. (b)(c) The correlation between magnetic field variations at the Kakioka Observatory
(KAK) of the JMA and earthquakes from 2000-2010 showed that magnetic anomalies significantly
appeared 5-15 days before earthquakes above a certain magnitude and were also found to be
dependent on earthquake mag-nitude and hypocenter distance. (d)(e) The investigation of precursor
characteristics also confirmed significant precursor characteristics by ROC analysis.
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Fig. 8 Relationship between anomalous fluctuations in ionospheric electron counts and earthquakes.
(a) Con-ceptual diagram of ionospheric electron count observation by GPS satellites. (b)(c) We
investigated the correla-tion between the variation of ionospheric electron counts over Honshu and
earthquakes from 2000 to 2010, and found that anomalies in which the electron counts increased by
more than 2o for more than 10 hours sig-nificantly appeared 1-5 days before earthquakes of M6 or
greater, and that they were dependent on the magni-tude and hypocentral distance of the earthquake.
(d) We investigated the precursor nature of the earthquake and found precursor nature by ROC. (e)
Similar variations were observed for the 2011 Tohoku earthquake (M9), and investigation of its 3D
electron density distribution revealed a decrease in electron density at about 2-300 km above the
epicenter and an increase around and above the epicenter?” ", These variations can be ex-plained
by an additional horizontal, eastward electric field.

NVOEMEMASHREOIEEZFIHL T, b 23 HESN S Wi kEFE L 2 FHIEHR%Z
AERIEDEE Sy & LTl L 2 @B 2B T 7 v 2R T 5, SREDRBSRO H — A VB
BUIETRBS DR BEUCIS C TREBICEIR T 50, AiJkEi& & LT, #i BB 7 — % (ULF &S
ELF/VLF/LF &#%. GNSSEHEE THLE., 14/ Vv 7HEMEE T8, GNSSHi%k
ZENT HERIEENE ., 5 F o gas) 10102 a7 — & (R RURAEE) (Himawari
$MODIS%) %0 R ERs . MESEE THED ") SEMHT 5. ik 5 £ —%
BEER T, BEOERICIEC T BIMCHIERAS T EE L open > 2T A TH B 2 & BFFH T, Hh

BEGE) & OMETAE RS £ CROCHIMNTIC X A RTIRMESEBMOSEMH LS (K4, K9), %
T, MEHWAEZERCRTIIMESHR S T v 2 ULF A E). GNSSEEEE TR L H. #HE
BANEEIC D TERBERET TV RBR L. REREIAIEEL T, ETASIE., HET7—%
MR OHEFELETHEIE 7/ T, HIBOKE & O AAIFFRER ML RAEL A 6 WILTD B
L 3 M1 5 Gutenberg-Richter Hl (MuEE D RAME L HIB ORI %2 R 3D IS V», FEEICIET
7V EAEDHMHTH A, AXuP 2 TR, 1) HERM & ZHTHOBER ELE 2) H

163

ko> i



{a} ﬁﬁ*ﬁﬂéiﬂﬁ (c) SensolWEBl £BETAS (Epidemic-Type Aftershock Sequence) -ETJLGJRFH*;H'\GUHE
SensorWEB(ﬂm T—ﬁi&}ﬁ)
[p— SRR | HPE

b TE de gl P g o b

mﬂ‘iﬁgﬁﬂﬂtmﬂ!ﬁl J:%': ;
WA

: F oY
; 5
" 2
r *
" nl
u 1 7
L i EAl FF¥ Iomwﬂll"r
F ”""n.,,.mrq"""' s MeHF, £+ A(e/H) + Y adp(e/F) N\
. Al (/M F) = ) U)Z O0) N
)
- 3 (oo [wog]
@D
E Exlamalewlmg
7 e 1l \ A
[ IE3
Al
®
1t
-

HEEv)
s 8 8 B B

e ETASTF A
B a4 s o4 o1 o ] 19804 (1Z0gatal= k> THIRAN L BRFDOMATT L. BROIVRAOD 55, RHPHIZRHE
BEF(T) BEAVERETE, SRENOEMTHRNT, AROREMETMALS0E, (Ogata et al, 1682)

X9 EXHE - BROBERTED AT LOEHSE]

Fig. 9 Example of a monitoring and forecasting system for a mega-earthquake and tsunami.
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Quest for the Weather-Controlled Society

IR IRTE] BUR

Kotsuki Shunji, Professor

BHEdh 2MEOHRE

HEREB L DETEC L Y. BASCEEN A £1C & 2 Ak ES AL - BNl Tv b, KHK
FEAD N TORGHIE, BEWEC & 2 HEMIER. SE AT O A0 R A I O FITE R FE
FICL BWEBRBENETH > 720 LA LAKR S BHAL - I BE S N 2 BACENICH L TR
R3dH. A6 CMAKEISO LA B ARIGEE O EEER IR % W6 & 3 5 Hl il O BFFEbd
RBMBETDH S, COKBERDOSL L, NEFTELA—v > 3y F HED 1 2IC&K4HI#H %815 T
BY, FTx bz OFT, T EFENERTREET 2 EFEMWPE» SMHS N EARK) L) RER
Tar7Ereyz s b2HELTHWS, vy =2 Tl BEROEFENHEELZENT 5709
. BWROW ETHANICENZE L TARATOKRESRRE 2 KFICHE S $RARN AN 2R L T
Wb, RRZHEBEULETEZNICEBAND 25, MAREZRKRLL TEREERT 500K
HIZES AR BIHTEOML 2 HIEL TV 50 BT 2 BN ORI T, EHEPRE Y
2 7 5l 75 £ OFERBHADIZE & #EHE L. 20504F £ TS a3 2] BE 72 SR Tl Bl O #ESZ % H AR
CHFZEBAR 2 D T 5, 2 2T, MEREID TRETHy 2BA. TREWIH ) OEFIm T 728k
HABFZE 2 M3 %o

In response to the increasing extreme-weather-induced disasters, the Japanese government has set a Moonshot
goal to develop technologies to mitigate weather-induced disasters by artificial interventions. Our project aims
to develop a weather control technology that mitigates heavy-rainfall-induced economic damages by artificially
generating heavy rain over the upstream ocean. Given the limitations of directly altering the atmosphere, we
explore a weather control method for intentional generation of heavy rains with optimization of manipulations.
We will also promote social science research on legal issues and environmental risk assessments in order to
accelerate the practical application of our results. By 2050, we aim to establish a weather control technology
that society can accept. This section introduces research that goes beyond conventional “weather forecasting”

and aims toward achieving “weather-controlled society”.
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Fig. 1 A conceptual image of the strategy to mitigate heavy-rain-induced disasters.
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Challenges ‘ Our R & D Sections

_ Mathematics = S ~ Control Theory Yy
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¥ — Latent Representation
how to generate heavy rains? 4 — Data Assimilation e
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Fig. 2 Research and development sections of our Moonshot project.
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Fig. 3 Generations of large-ensemble weather predictions based on Al-based weather
prediction models.
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Fig. 4 A landscape analysis based on ensemble prediction data for Typhoon Dolphin in 2020.

172



FE6E HEHIMARR

5 iR LEADMELE

ERZROYES E, T—2FEME, TAREIEIICE TS s v P OBEREICHV G
Kalman Filter \C¥ii % 33 A, 2Dnr7 v b OEEFIE TR, (1) a7 v FONMNEOHE (77—
AL £, (2) BERBEEORE (HE). OMFOMERHEZ > & LTuwich, KLk
BERKTMTIET — 2 AL R ERE L 7o RAEZRTRATHMTREL 27— 2 Mlbx A8
. FHE (2) 2ERBILLD ERATV S, SEHIEOEBLL, BIEHF &G R % 305 M1
B HEKT a4 v ELTAHARTILELTES (M5), MEROHIERT S 4 vy 4 » Tl
B R 2 5B R AT L TR S ¢ 2 —HRD A ZF-> Toich, KEHEC L O H
EBIACB T A5 X4 L EG VB S E LTV A,

EBREORSEKEZIBILDO—@EIcE->TEY, T Dk Big Issue (JERE) S T, KGR MHIH
MEGHEA TV S, ZOREOMIIL, HBERBI2EE DK & 5 BIIEATTH T%D‘%%$°%
S o FHERE < IEWBE B - T kY - WY - RSB SRR 2. B -

DIEMRZEA THEL TV 5, ﬁ%%t%@é%<‘%@-?VE-&%EKEW%éy<®ﬁ
EEZLTHVWTWS, [IRGIHOEBEZRY . B « 8L v 2 P HLEREZZET S C
ET. ZOHDLICHATERE -REVE—FLr Yy Ity 2 -0 v £y 200 L
WKWEBLTOLSIZWLEEZTWY A,

A

Real World S Cyber World

X5 BEHRELEHEHARZNIRICECHET S 20V 12
Fig. 5 Weather control as the Earth digital twin.
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Revolutionize Seamless Weather-to-Climate Prediction with Stable Water Isotopes

R Ze  HEHER

Okazaki Atsushi, Associate Professor
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Our laboratory is researching to improve daily weather forecasts and climate prediction. In achieving this, it
is essential to advance a diverse range of research and technological developments, such as precise numerical
models, algorithms that optimally combine observations and simulation, and observation simulators that enable
direct comparison, as well as advanced observation techniques. Additionally, developing excellent models
necessitates understanding the fundamental processes governing the phenomena. We are tackling all the topics

with the knowledge and techniques from meteorology, climatology, statistics, and computational science.
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Fig. 1 Difference between 2-level HDO isotope ratio (%.) observed by (left upper) TES,
(left middle) simulated by MIROCB6-iso, and (eft bottom) MIROC5-iso. Right
panel shows the vertical profile of HDO.
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Fig. 2 Global mean RMSE of forecasts with assimilation of time-averaged data
normalized by that of forecasts without DA. Normalized RMSE less than 1
indicates the skill of forecasts with DA is better than that without DA and vice
versa. Asterisks (*) show that the RMSE of the forecast with DA is significantly
different from that without DA at the significance level of 0.01.
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Fig. 3 Forecast errors at each lead time for minimum sea-level pressure (hPa) and
maximum 10-m wind speed (m/s).
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Research on the Use of Third-generation Geostationary Meteorological Satellites,
Specifically Himawari 8/9 Satellites
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Higuchi Atsushi, Professor
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Geostationary meteorological satellites are particularly well-suited for monitoring rapidly changing
phenomena. Himawari 8, which began operations in 2015, is a third-generation geostationary meteorological
satellite with significantly enhanced capabilities. It provides a stable supply of geometrically corrected gridded
data to the research community, thanks to the proper archiving and processing of data from the Himawari 8/9
satellites managed by the JMA. This gridded data has been instrumental in promoting environmental research.
Our efforts in research and outreach related to real-time processing and visualization have also evolved due to

the impactful nature of visualizing this high-frequency data.
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Fig. 2 We developed a program that performs geometric correction
from global observation data (Himawari Standard, HS) to a
latitude/longitude orthogonal coordinate system in near real
time', operated it, and verified its accuracy ™.
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Fig. 3 Time series of Himawari-8 captured cloud optical properties from 11:03 to 13:33 Japan Standard Time (JST), 4 August 2016, at
34.4° N and 140.00° E, Boso Area, Japan (top panel). Himawari-8 AHI band 3 (red) reflectivity (black line), effective radii of
clouds (eff, unit nm, blue line), liquid water path (LWP, unit g m?, gray line), the optical depth of cloud (tau, unit dimensionless,
red line) and its time evaluation (cloud optical thickness, same as the optical depth of cloud (COT) rate, unit min™, light green
line) analyzed by the cloud microphysical properties algorithm (CAPCOM). Time-height section of Phased Array Weather
Radar (PAWR) radar reflectivity (colored, in dBZ), area maximum rain rate (mm h”, red line), and area aggregated rain rate
(mm h”, white line) observed by the eXtended RAdar Information Network (XRAIN) (bottom panel). Plotted variable times are
synchronized, and the X-axis in the bottom panel is normalized at the first echo detection by PAWR (12:34:49 JST).
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Fig. 4 An example of a linear precipitation belt that occurred on September 15, 2015. Estimation by (a) Radar-AMeDAS and (b)

GSMaP. The image on the left is an estimate based only on geostationary meteorological satellite IR data, and linear precipitation
bands are not reproduced. (c) Precipitation intensity estimated by machine learing from Himawari-8 multiband data. A linear
precipitation belt is reproduced. (d) Estimated using Himawari-8 10 um brightness temperature only. (b) Same result as left™.
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Fig. 5 (Left) Himawari-8 natural color RGB composite image before
2019 Typhoon No. 19 landfall (October 1), (Right) composite
image after landfall (October 3). Compared to the left, the
flooded area looks bluer™®’.
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Pioneering Agricultural Remote Sensing Technology to Solve Social Problems
— Strengthening the Agricultural Insurance As a Climate Change Adaptation and Achieving
Sustainable Food Production —
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The basic standing of research is on creating solutions to address issues related to the global environment
and climate change as well as the needs of society with a focus on the environment and food production, using
remote sensing technology and environmental diagnostic information in the agro-ecosystems. The author
has conducted a wide range of research and social implementation of the results to stakeholders, aiming at
contributing to the realization of global food security, as the overall goal. To illustrate the above, the author
introduces an international cooperative project in Indonesia to develop a more efficient damage assessment

method for agricultural insurance and its social implementation.
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Agricultural insurance, which is expected to be an adaptation to climate change, has been operated as an
important social infrastructure for food security. However, there were many challenges in Indonesia shortly after
its operation. The biggest challenges were speeding up damage assessment, the core of agricultural insurance,
and the objectivity of the assessment results. The project targeted paddy rice and developed and socially
implemented a rapid and highly objective damage assessment method for pest and disease, drought, and flood
damage covered by insurance.

Conventional damage assessment was executed visually by pest observers as assessors. The project
developed an assessment process that uses UAVs, satellite data, and other spatial information. As a result of
the verification, the method was effective as a damage assessment method for agricultural insurance, reducing
assessment time, labor, and objectivity, and was highly evaluated by the Crop Protection Agency of the

Indonesian Ministry of Agriculture.
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Fig. 1 Outline of current assessment methodology  Fig. 2 Concept of new damage assessment.
method.
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Fig. 5 BLB damage assessment results using UAV data (Left: BLB score evaluated on a 10-meter
grid, Right: BLB damage intensity of field calculated from BLB score).
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Fig. 6 Master of Trainer Training (Left: Assessor receiving instruction on UAV operation at the

beginning of the project; Center: Assessor conducting UAV shooting; Right: Assessor
deriving BLB evaluation results from data analysis).
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Fig. 7 Multifaceted use of remote sensing in the field of food security.
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Fig. 8 Calculation results of the amount of water required for rice cultivation at the research site.
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