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Land surface process model

The carbon storage is divided into
five components, i.e.,

leaves, trunk, root, litter, and soil.
The carbon exchanges among

the components of vegetation and
the atmosphere are estimated at each
time step of the on-line model
integration.

Energy fluxes and carbon dioxide flux
between terrestrial ecosystems and
the atmosphere are estimated.

Model (BAIM) i et al. 1997)
Cs and C4 plants photosynthesis processes
Snow accumulation and melting processes
Soil water freezing and melting processes
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Abstract Shallow Angle Measurement
Every ship determines its cruse course by taking into account the state of sea waves Front Sea wave Dynamics
due to weather conditions. In the viewpoints of fuel efficiency, safe sailing, vibration - Sea wave motion of 0.1 —1 Hz

[
damping, and automatic steering, it is useful for the captain to obtain a motion of m
forward waves.

Sea wave is greatly affected by not only flow and depth of seawater, but also temporal
wind blowing on the sea surface. S 5 h
To observe wave sea dynamics, we developed a LED based mini-lidar and the high- Srece Ccencsealclom
X ea surface measurement with high-power laser
speed photon counter to catch the target motion of o0.1-1Hz. The power LED of

9.75W@385nrr_1 was Utilized. Its divergence is 2.0mrad, while the receiver’s field of view — ik 5
is <smrad. This setup is eye-safe and robustness for rough treatment. The pulse ’ o —
frequency was 5ookHz and the spatial resolution was 0.15m. The ground experiment

was conducted at a coast with shallow angle. The sea wave dynamics was captured at A) APortable Airborne Scanning Lidar System For Ocean and Coastal Application., J.

every 0.255 Atmos. Oceanic Tech., 2009.

B) Shallow Angle Wave Profiling Lidar, J. Atmos. Oceanic Tech., 2007

LED mini-Lidar Configurations

Table 1 LED mini-lidar for wave motion
observation.

Transmitter

LED Pulse Power 750mW (=7.5nJ/10ns)
Wavelength RES

Beam Diameter 50mmd

Beam Divergence 10mrad.

Repetition Frequency ~ >450kHz

Improvement
Receiver Orthogonal Polarization detection
Telescope Cassegrain — _
Diameter 127mm¢ fel .
Field of View <Smrad. S .
Interference Filter ho=385nm,A%=10nm
Detector Photomultiplier

High-speed & High-resolution Photon Counter
Commercialized by Trimatiz Co. Ltd. BIN width 1ns(=0.15m)
Pulse Repetition Frequency > 500kHz

Minimum lead-out 0.2s

LED mini-Lidar Sea Wave Observations

Sea flow Observations
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Study for estimation method of turbidity, chlorophyll a concentration
over the coastal area of the Sea of Okhotsk, Hokkaido using aerial drone
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REMOTE MONITORING OF RIVER WATER POLLUTION
USING MULTIPLE SENSOR SYSTEM OF WSNS AND IOT

INTRODUCTION

This research aim to design and develop a system with multi-
sensor to monitor river water pollution because most of the
community members use river water in their daily activities. In
this design and development of system, a Wireless Sensor
Networks (WSNs) was applied because of the many advantages
that can be use. Multi-sensor nodes were installed for the
detection of water pollution parameters such as temperature,
Electrical Conductivity (EC), water pH, and Dissolved Oxygen (DO)..

PROBLEM AND OBIJECTIVE

The goal of this research is to develop water pollutant monitoring
system by install several of sensors at a point of River, then all the
information will share to the community, figure 1 shows Siak river.

Figure 1. Siak River, Riau
Indonesia.

SOLUTION AND INNOVATION

To collect common water quality parameters, some sensors
related to parameters installed such as water temperature, pH
electrical conductivity and dissolved oxygen. The distance from
sensors point at river quite far to the monitoring center. Thus a
communication system to transmit data of water information is
developing for effective communication, figure 2 shows the design

Corarol Srsem snd Rado Comemnicason Modds

Figure 2. Water pollutant sensors design, testing, and calibration.

RESULTS

This research gain knowledge and contribute new invention for
water pollutant monitoring system, data collection and study of
sensor placement location for effective sensing including design a
new sensor that be able to collect accurate data. Development of
a new method of communication system for effective data
transmission and sharing is one of intention in this research.
Figure 3 shows the system architecture.

River water flow T
and level sensors

-
[, = .
““'ﬁ—. : el
e Monitoring System
i b —~
'EI -'j . T N l\‘:
d = [,
o T -
s e Pliatean
ol ,
!5"13/ 4 B 7 ' |

Bl gt

fr=_ MESESS
e Ia_ ' 3
' -
‘E M
Sensing
System

Figure 3. Architecture of WSNs monitoring system.
NOVELTY
A smart system with intelligent detection of water pollutant is one
of novelty, beside that system be able to analyze behavior of
water pollutant data and send alert when major changes happen.

Water
Pollutant

BENEFITS AND COMMERCIALIZATION
Development and Innovation in the used of water pollutant
monitoring system.

Benefit

= Real-time water monitoring system.

= Multi parameter of water pollutant indicator.

= Data analyse and record for a few year.

= Mobile application for remote monitoring system.
Commercialization

= Water supply industries.

= Environmental government agency.

= Industries with usage much water.

= Housing developer for residence water supply.
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Flooded area detection for paddy field in Indonesia using Sentinel-1 SAR data
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AUTOMATIC LANDSLIDE MAPPING USING
PEAK GROUND VELOCITY AND SENTINEL-1
IMAGERY
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FEATURE SPACE AND
CLassIFIER MODEL

EXAMPLE: STUDY AREA

Low PG High FGV
areas areas
DH={40,50] l
PGV=[0.57.2.75] OM{210.220]

PGV=[55.2,727]

EXAMPLE: STUDY AREA

EXAMPLE. PREDICTIONS LAYOVER AND SHADOWING EFFECTS

LAYOWER AND SHADCWMING EFFECTS LAYOVER AND SHADOWNG EFFECTS
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LAYOVER AND SHADCWING EFFECTS

CONCLUSIONS

The post-event coherence identifies bare land Induced by
iandsiide.

Thex post-event coherence cannot be used to ikentily the
andslide #xtent

Thee peak ground velocty can bé used to rain a classifier
model in near freal tme

Landslides located in the Ryover areas can be e ntifed.
Landslides located n radar-shadow areas cannot be
identified.

Both, ascending and descending SAR images are
necessary to perform a complete landside mapping
(Furture work).
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We analyze retrospectively the transient variations of four diferent physical parameters of
atmospherefionosphere during the fime of M7.5 od Sept 28, 2013 in Indonesia namely: (i)
thermodynamic proprietes in the lower amosphere, (i) oulgoing earth radiation (OLR) at the

rapid augment of satelite observed
close viciny 1o the future M7.5 epicenter reached th
data analysis ndicales an augment and variation n eleciron densil reaching a max|
during Sept 26-27 periods. Two VLFILF crossing wave paths - NWC-RTK and JJY-RTK, have
shown abnormal behavior of signals during on days Sept 26-28 two days before the earthquake.
Our results show coherence befween the

the total eleciron content (TEC) induced by tsunami waves of the 26 Seplember 2018 My 7.5
ulaviesi Indonesia earthquake are detected by of seven ground-based receivers of the lobal

2018 Mw 7.5 Sulawesi, Indonesia and 2019 M7.1 in Ridgecrest, California, USA

Dimitar Ouzounov', Sergey Pulinets?, Jann-Yeng Liu® and Katsumi Hattori*
iCenter of Excellence for Earth Systems Science & Observations, Chapman University, CA, USA, 2Space Research Institute, RAS, Moscow, Russia; *National Central University, Taoyuan City, Taiwan; * Chiba University, Chiba , Japan ~ouzounov@chapman.edu

Methodology

Multi-parameter Sensor web observations

M 7.5 20180828 Sulawesi, Indonesia
——

8 vl
r £

MG 4 and M7 1 Ridgocrest, CA July 2019

Multi-sensor Web for earthquake early detection. Experimental results for the most recent major events:

Conclusion

Indonesia - We found that in the second part of Seplember 2013, a ragi augment o satalit observed
earth radiation in the atmosphere and the anomaly located in close viciniy 1o the fuure M7.5 epicenter
1 21-22. The GPSITEC data analysis indicaies an augment and varition in

m value during Sept 26-27 periods. Two VLFILF crossing wave paths -

brormal behavor of signals during on days Sept 2628 two days

ppearance of pre-earthauake transient’s

(with 3 short time-tag, from hours up (o a few days) and the

n increase of infrared radiation

2 maximum near the epicenter on June 24. The VLF signal received at Orange, CA, was strongly disturbed
onall @ the signal on'June 25 and on

Tho egicontor near Ridgocrest, CA, is siuated about 220 Kiomatars NE of the two-adon monioring
siations in Orange and Paim Springs. Real-im hourly data show an increase in both sensors on July 1 (3
days before the ME4 of July 4. 2019). Those increases in radon coincice) wilh an increase in the.
atmospheric chemical potental (on July 1) measured near the epiceriral area from satele data. The

posiicning system (GPS) in the South Asia, Oceanic, Pacific areas. 1 is found that the orign is
about 100 ki North of the epicenter and the horizontal speed is of about 187 mis.
The pre- earthquake nature of the signals in almosphere and ionosphere were revealed by
simultancous analysis of satelite, GPSITEC and VLFILF observations and suggest that they
follow a_general temporal-spatial evoluion patiem, which has been seen i other large

(GPSTotal Electron Gontont data ndicafed an increase of seciron concentration in ionosphar on July 1st
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Tonospheric Tsunami Early Warning System
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Tsunami waves can induce tsunami traveling ionospheric disturbances (TTIDs) of the total electron content (TEC). In this study, we examine the TEC derived by ground-based

receivers of the global positioning system (GPS) and identify TTIDs induced

by 2004 Indian Ocean tsunami. Simulations of the COMCOT (Cornell multi-grid coupled tsunami)

model and analyses of the circle method, the ray-tracing technique, and the beam-forming technique are used to show that TTIDs can be quickly detected and confirmed after the
tsunami occurrence. Finally, the ionospheric TEC derived by existing ground-based GNSS (Global Navigation Satellite Systems) receiving stations is demonstrated to be useful to

support the tsunami early warning system

Beam Forming Technique: Ray Tracing Technique:

"% i A global search of the epicenter b
w H % B aps satelite A g%obal search of the epicenter by gl e h lp y
. a given onset time. a given velocity mode
AS =S -Ss At=t-t ATwi = S/Vu ATz =2Z/V:
@nonami
Vi = AS/At 0= [V )2/[\[]1/2 ATci =ATn +ATz Te=Ti+ATc
[Liuetal.2011] @Tsunami O'j = [Z(Tsf)z/N]VZ
> Figure 1. The seismic surface waves and tsunami waves around the e et '.-“.:”..M“ —d EPR
epicenter (red star) vertically launch atmospheric gravity waves that ne.

propagate into the ionosphere.

» Figure 2. Sea surface disturbances induced by tsunami propagate into ionosphere, while a ground-
based GNSS receiving station monitors ionospheric disturbances. The thin-shell ionospheric (i.e.

ionospheric pierce or ionospheric) height is at 325 km altitude.
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» Figure 4. The propagation speeds of the TTIDs and the COMCOT tsunami waves. Seven pair of
TEC/tsunami waves over the ocean area and 3 red curves over the land are presented.

Lo

> Figure 6. The coverage of ground-based GNSS receiving stations of
IGS. Blue triangles are the GNSS stations. Gray curves denote the
path of ionospheric pierce points. Red dots denote the ionospheric
pierce points of BeiDou geosynchronous satellites.
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Figure 3. Tsunami wave distributions at 00:58, 02:58, 04:58, 06:58, 08:58, 10:58 UTC computed by the COMCOT
model and the associated TEC variations and simulated tsunami waves. TTIDs of the TEC and COMCOT tsunami
waves are denoted in red and blue curves. Seven pairs of red/blue curves are over the ocean area. The ticking times of
the TTIDs and COMCOT tsunami waves are denoted by red triangles and blue squares, respectively.
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reported by the USGS, and the cross represents the computed tsunami source.

> Figure 7. The of 3189 global d-based GNSS receiving stations
of IGS and CORS. About 100+ stations of them provide data in real time.

Summary

* A seashore GNSS receiver could detect TTID up to approximately 30 minutes before the tsunami wave arrival.

» Data of 4 GPS receiving stations or 10 associated IPPs (i.e. space buoys or tide gauges) successfully detect
TTIDs, locate the origin, and confirm the occurrence of the Indian Ocean tsunami activated by the 26
December 2006 M9.1 Sumatra earthquake.

* Comparisons between 10 space buoys observations and co-located COMCOT simulations show that TTIDs

tend to lead the associated tsunami waves by about 19 minutes, which confirms that ionospheric GNSS TECs

could detect TTIDs few minutes before tsunami waves arrive

More two thousand ground-based GNSS receiving stations have been routinely operating and about hundreds

of them provide data in real time by IGS. This gives an excellent opportunity constructing ionospheric TTID

monitoring networks to support the tsunami early warning system.
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» Figure 5. The tsunami origin/source detected by the circle method (a), the ray-tracing (b), and the beam-forming technique (c).
1 V \ Black and white triangles are the ground-based GPS stations and associated TTID locations. The red star denotes the epicenter
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Public interest in air quality and its

impact varies with baseline exposure:
Google Trends and Remote Sensing based analysis

Prakhar Misra, PhD
Wataru Takeuchi, PhD

Institute of Industrial Science, The University of Tokyo,
20 February, 2020 Chiba University, Japan

Motivation — rising mortality due to outdoor pollution

Mortality linked to outdoor air pollution in 2010.
Lelieveld et al, Nature (2015)

—
—

Rising urban population

United Nation Urbanization Prospects(2005)

Global Burden of
Disease (2015)

More Serious

Less Serious
reversible
notasbilliaiing ¢ ¥ ediianng
not lfe-threatening life-threatening
Air pollution and health risk _epa Rising mortality linked to outdoor
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Characterizing effect of outdoor air pollution on health is
challenge

* Perception regarding exposure and health
effects is critical to gauge response and
acceptability of policies Egondi etal, 2013

* Relation between air pollution and health
depends on the perception of air pollution

Lelieveld et al, Nature (201

* Challenges to monitor health effects of

pollution?
1. Limited health risk data
2. Exposure response functions for only few
developed countries

4 Pollutant concentration
Exposure response functlons
5 Health effect '

Need methodology for evaluating public interest in

Elliot et al, 1999

air pollution and monitor its impact on human health

Internet can enhance
public awareness for
effectiveness of
environmental
policies

5)

5 Malcevschi et al., PLOSone (28
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‘Social sensing’ reflects human condition

“any source of information that can be identified in modern social networking and Web
tools that expresses some situation or fact about users and their social environments”

Adapted from “Air pollution lowers Chinese urbanites
expressed happiness on social media”, Nature Human

Rosi et al, 2011]

Adapted from “High correlation of Middle East respiratory
syndrome spread with Google search and Twitter trends in

Can social sensing characterize effect of air pollution?

Hypothesis:

Outdoor pollutant concentration affects air quality related “relative search
volume”(RSV) in Google Trends

Objective:
1. Is public interest to pollutant rise similar across cities?
2. s public interest in pollutant influenced by meteorology?

Can help understand where policy impacts people behavior and public health.

Originality: use of remote sensing data with Google Trends to study impact on human health.

Behaviour, 2019 Korea”, Nature Scientific Reports, 2016 7 8
Flowchart ® Dataset used Google Trends
- Jo15.2015 Google Trends: “Relative Search Volume” (RSV) ‘
based on the popularity of search queries »
s s b
*AOD - Aerosol optical depth, ANG — Angstrom exponent
Dataset used Google Trends Dataset used
Google Trend relative search volume (RSV) across: ‘ Atmospheric datasets
Topics in 4 categories
Weekly Dataset,5 years (2015-2019) » 1. MODIS MODO04L2 C6 Aerosol product HIGH
1. Aerosol Optical Depth
1.Perception 2. Pul health 3.Mental health 4. 2. Angstrom Bxponent
.Perception . Pulmonary hea . Mental hea - Exposure 2. NCEP/NCAR Reanalysis 1
reduction
“air vollution”  “ h” “ | disorder” “mask” 1. Temperature
air pollution ‘coug mental disorder mas 2 Wind vector AOD AE Low
“smog” “asthma” “psychological stress” “air purifier” 3. Relative humidity 2015/06 2015/06
4 Precipitation Momh\y agrosol composite
“throat” “depression” image India
“COPD” (aismaeisniney  “headache”
12

38




AirRGB decomposition for urban air quality scenario

estimation { R

angstrom exponent (unitless)
angstrom exponent (unitless)

Standard deviation
AOD (unitless) AOD (unitless)

(Misra, Fujikawa & Takeuchi, Remote Sensing, 2017)
13

Good agreement of R with ground PM2.5

« Validation with US Embassy .
PM2.5 monitor, Beijing .
* R,G,B values saturate under
extreme conditions
* Need further validation
under diverse geographical . =
conditions e

AirRGB shows seasonality in fine aerosol concentrations

AirRGB R difference (2015-2001) highlights polluted urban
regions — 30 most populated cities analyzed

200807
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Public interest rises during high pollution
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Public interest rises during high pollution
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Pulmonary health issues

Delhi

Mental health issues

Delhi

Rising interest in “air purifier” and “mask”, since 2017
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Public interest in air pollution, exposure reduction, mental health, COPD
and asthma has highest probability of increasing when 47 > 10
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s> 0.5, implies more than 50% cases of R
increases result in RSV increase

Bangkok Sensitivity Google Trends when AR > 10
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Public interest of polluted cities is less sensitive to large
pollution rise compared to cleaner cities

Case: 4R=1 Case: 4R =10

Clean cities have
higher sensitivity

S Delhi outlier

r High pollution

but low interest
[ —— 5 o [ — 5 = 25

sensitivity (“air pollution”)

Perception Pulmonary health Mental health Exposure reduction
“air pollution” “cough” “mental disorder” “mask”
“smog” “asthma” “headache” “air purifier”
“COPD” “stress”
26

How does public interest change when concentration is
continuously higher than baseline?

1. “cough”, “smog”, “purifier”
searched
2. Polluted cities search more
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nou

Weak correlations for “air purifier”,
“asthma” issues

mental disorder” and

“air purifier” “mental disorder” “asthma”

Conclusion

1. Perception to pollutant rise is lower in cities with high baseline
concentration. Need more awareness for behavioral change

2. ‘throat” and ‘cough’ affected by outdoor pollution exposure

3. Difference from baseline exposure and temperature govern perception of
pollution, population may get “used” to concentration

4. Itisimportant to compare the cities because successes in one city could be
a potential platform for successes in others.

Future work:
1. Effect of trace gases, e.g. 03, NOx, SOx
2. Gap between satellite retrievals and personal exposure

3. Early warning prediction for medical condition and supplies.
32
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Thermal anomaly AOD (October composite)

Thank you for your attention
_.._ mprakhar@iis.u-tokyo.ac.jp

Fig. Google Trend for “air pollution” during biomass burning 2019
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Relationship between surface dry
canditions, snow cover, and carbon dioxide
emission from forest fire in Far East Russia

Haemi Park *, Wataru Takeuchi ?
1 inareute of induiirisd Soenoe, The Uinkeviily of Tolwa, Tokys, Jogon

Background

o Pasitive Reedbacks of the disturbances of loreds 1o the global winming ane
reported mary previoud Wudied recenitly (Bradihaw et 81, 2000)

= The effects of glabal warming to high Iatitudinal region are mone severe
than the other ecosystems which is formed under the low temperature. 1t
assumed as twice of tropical (Pimm eq al., 2009)

= Wildfire swvents are comman and regularty detected in forests in Far East
BAussla [Mollicone e al., K0&, Loboda and Cslszar, 5307,

Background

= For mitigation of wildfine in this regian, the reson snd influsnce of the fire
shauld be clarified.

= Fire is refated with dry condition of surface (Keetch-Byram, 1968, Gray,
201%)

= Satellite-haied KBDI weas develaped and analyred with FO & this region
{Park and Takewchi, 201%, Spring conference of RSER.

= bn high latitsdinal area, low temperatuang enmamonment makes KBDI
nsensible by snow coverage,

"R Drought e dor Foress Fare Conoroll by iohan | Seeach and George W Byram”™
Rl 1008 | | UEDA Fossit Sanars Bemairh Pugey - 18

- '\
4 -
# »
/! L
J 1 .
L "

cvnmne Figpare | Mlothod of BRI v & e o g e

PR

Objective of this study
= Goal - A vystem for mitigating fires in Far [and Rusdia regicn using satellite-Based data”™
= T analyre bnpact of swrface dry oondion (OB and fire eméssions (FE}
= T comEane in- ity meteonsiogical daes and KBD! with several latineses condition
= o revesl the relationilip between TE and KDDI under the 1now o non-antw coversged

Study Area

= [Far Eask Russhs (40-554, 120-145E)

1; 1
monguilit__tt_tas T

g

- - so00g [ Vimifene

b i ng I G

1 L] 1 B
Figmre 2 Sty Arva: with MDA im backigronsd

Data

Fire Emissions (FE) (Takeuchi et al., 2013)

MGG Fiew Product (MOD14)
- Bt Date
Fire Rachative Perarsd [uded B a4 combuition
conrplrbrain)
WAOEHS Baarned Area (MCOESAT |
Blomana — from VST model (Bo and Cilawas, 2007] = NDWVI

Keetch-Byram Drought Index (KBDI] (Keetch and Byram, 1968)
FETE

SECH et T B e O by

Land Surlioe Temperatune [L5T)
of Hvwwan [MTSAT feom J006-]1

Precipitation |G5MaF) g

-

Advanced Microwave Scanning Radiometer 2 [AMSR-2)

Snow Coverage Product
Snow oovers are detecied wiing the d®erence betweer THVEE and TV when =4

Methodology
Fire Qecurrences (FO] were counted in each fand cower (vpe
= Time-series of Snow coverage, FE, and KBD| were shawn.

f [I:b-:lhd Y / | sweazr |
| [ Y |'l / NET, # lI | e e |
I Hoihafmonsn) | .'I .'I |' )
-| S Man-Snow
Illl ——— -
landoren |
[ wnn | 'I"""""""""
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Results — Sparse tree covered-fonet is dominant for the area B emistions, 4 well, Results = Total fire counts using manthly FE (06-17'5)

& Land eiveees

4 Fosests, shoesialy, 13wt b0l DBF ioe domisaen,
= Wotably. croplansds a0e usealy Boted i O

iR

& Carlon emigson
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b il || T e

ep— w Forests ane dominant in JA5{7,8.9)
ngu.l Inmm [Fe0 ] :m’mh Savannas, Foeeirs, aned Sheublands
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-.._..........-l

Positive and Negative relationshi r FO and DI were com; Results
ik i P’S""i? i v M Seasonal patierm of fre occurnences in Far Fast Russa
' s * 1
Fogore 5. Bamples lor Posithes relationship | Figune 6. An example for Hegathe = Sgarve fore (langest] ihowed finet in this coder ipring > fall > winter > summer
.
- = i 5
. e e
— pr —— . o
™
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.
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® W e
e - 4
. Fram * 1 catch up the T
= i drgmess i this
| wo timing is bvportant = | T =
for protecting fires. == | ® y m——m
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" i - ' Frl;n ) -y e T—
- i i - L] TS | [
tasi s i I i d L I —H—— -
- Matue! foresls dnd praalesdi (aerse & soarie) = 8 lisd surlae 5 dey, e events iscrease (F 4], P
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+  KBEH wad paned with As T Preciptation | k)
Results + In-situ meteorclogical data from GCOS (WD, Morth Eurasia Cimate
Camparing KBDI with air temperatizse (T), ard precipitation (P) in different Centre], TOOS- 2008
IntAudingl regions = High latitudina! showed low BF when K801 was compared with T (b,

Tolatoyh and P a. Arrere].

o

"
Under low T (KBDI showed 0} = Wet
e (801 s howed ) e AL
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Results
Bngonal cae in Liiurrak m Far Eadt Rudsis
= s the result, snow coverage has increased daring winber and the KBOH Ras
oppodively decreased. "
= In sprirg {snow meting], fres wese inoeased.
gricuttural fires are wasally known s lend cdearance. I it s happened by
Faswan activithes, Tues ane domdnant in spring when belore the seeding.
= B, B0 can peovide Feovar thes Tirg will be espanded.
s
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Discussions
¢ Eimball &t sl [2006]: Freede-thaw in erpouphen i ln.llr.hd with pr:liﬂmbp-nr
aries. Thunw antanaly duraticen afe neliged wash GPF el T ridatied v

= Thang et al [2011); Low temperabere woppresses L7 bﬂ:mufluwdﬂrmuf
evaporation of ai capacity & transpiration of plants in Tundra,

* Rermanoviiy #1 al. |2ﬂ1|'.‘|]-uud.m o dipth s air emperates bor describing
degradation of permadrost of

‘Whnderding ot &l [H06] Fw.lnd'lhqﬂﬂrlrt':-ﬂ- e g cario. fing valnerability in
weetem L

Lt o e e e e

€ [Wainerling 81 al., J006)

Figere. |4 Anrwl regrarcy ©f birge |00 Pl seener UL
Forws weldews (b e reren arch throagh Rageni
frvrpoateer ke lhe wndoer Ursnd Sades threr] | . 500
e e ik Corrrlataon (brtwene e Sw wiverd i 0
OF G000 | Wilkcasen et e change & maur Lnge—low it
Fiop bspiperaiy BeY 1R sl Hpreied (W £1: PO 0000
D1 Firs prieipis Lomree] of Lo Lireeg o el
b wrowrer dorrerated 1t reeTa [l Low Lok e adingl
Fradedic iro Sy, 5 bagh {ight bien whadeng| teezie
ik el party el b Lt lemary OF i

I irsmrme, seipsusionhy, [C] Aaveaid Lives Btunin st a
kit Lt igroteon, bradl st Limge-trw comocd

Conclusions

Sateliite-based KBDI i an index for fire wulnerability representing
dynamics of surface dryness,

KBDI is more suitable to explain fire expansion pattern, {Natural
case)

In spring, KBDA [dry) and FO (fire) are increasing.
Delincation of the dryness of surface in this timing is important.
Under the snow coverage, KBDI showed almadt 0.

Uncertainties in KBOI for low temperature wene implied.

Evapotranspiration in permafrost wies bir temperature and sndow
rviting parasneter for delineating freere-thaw cpcle,

As conclusions, estimation of snow melting area and the timing of
rreelting would be helpful to make a robust drowght index for high
latitudinal area.




[ata A

Observation

2REGEBAIFKT—FZRNEZ
XA FHATLOEEIL

IR EE2E)
FHAY - RRUE— ML TRRE S — Real World % ; Cyvber Space
Prediction
with many thanks to

=HTAETT, Sanmve, o, AL, B, N, . .
{EIREE BT, Guo-Yuan Lien, Eugenia Kalnay Data-driven Process-driven

2020/02/20822 MAUF > S SRS AOTFEX (inductive) (deductive)

Numerical Weather Prediction Global Observing System

Model
Limulation

Lo Aumeesprbere {iveckirowes)

nme

Near-real-time Global Ensemble DA System NEXRA I'he First Goal: To improve NWP w/ GSMaP

G5MaP:
Global Satellite Mapping of Precipitation
JARA GLOBAL RAINFALL WATCH seamn
EE - OGEM{‘IF‘}

“Supercomputer (J552)

Terosaki et al. (2015, SOLA), Kotsuki et al. (2019, SOLA) * To improve NWF using satellite-derived precip.
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State Estimation

Kstiaki §, Miyoshi T, Terasaka K Lien G.Y. ard Kalray E (2017):

with the Atmospheric Model MICAM.
Joumal of Geophysicol Research;:
122, 631-650. doi:10.10022016JD025355

Gaussian Transformation

Fi(f)=Fly) = FaFT[Fis]] = y=F |F[}
PR AT [PV R (v L8 TR P T
¥ orgnal variable [mmGhr) ¥ Tranaformed variable figmal
() - C0F of orginal wariable

FO(): COF of Gaussion datsibution

' —: Model
—: Obs.

bs
Stap O Obtain POF & COF

Step 1 Compute F(v)

Step 2 Computte
§=F[Fiy)]

Original varisble  Tramsformed variable Lier et al. (2013, 2016)

wo Gaussian Transformation

Sampling penod | H141 10700 - 2004190118

RMSDs relative to ERA Interim (in 2014)

U vs. ERA Interim (500 hPa, Global)

I
|
AT

RAMSD [mis]

]
]
s
B}
]
4
]

Spin-up period
161 e 111 11Mé

Improvied by

thinning the data

—: Raobs: Radiosondes OMLY
= TEST1: Radicsondes + GSMaP/Gauge (w/o Ihinningr
—: TESTS: Radiosondes + GSMaP/Gauge (w/ thinning)

Kotsuki et al. (2017; JGR)

_I

Model Parameter
Estimation

Kotsuki 8. Terazaki K. Yashiro H. Tomnita K, Satoh M. & I.ﬂ;umhl T. (2018}
Online Model Parameter Estimation with Ensemiple DA
In the Real Global Atmosphare:
Jpurnal of Geopiysionl Research: Atmaspheres,
123, T375-T392 dob: 101029201 70028052
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Parameter Estimation in MICAM-LETKF

Estimated Parameter (large scale condensation)

-

E MICAM-LETEF

i
, FECAMLUETIF 0
W ol
v paareater DA J

NICAM
Ensemble

Forecast

{6 hour)

20 DA B of By o (L5 F¥parami

Berry (1967)'s LSC scheme = Default P
¢ @ ek density o
.l*-..@“l_ll- B peecprtatan rate wiw | . Entimated Paramester|
5 N, 1 cowd waner mixing ratic L b |
H‘+33‘..* e botal B ol cloasd cropiedt =::'l I
e . wa [ i
& N | ipnpad

{Kotiaild o ol , J1R; JGRY

Parameter Estimations

Global and L

Global Parameter Estimation  Local Parameter Estimation

By ETKF Ey LETKF
d I J
B I 5 L L L e —
. | &, : .r-"x"_ i r
# g i Pl L T ]
: LETNF ool w3 LETIGF
] ¥ T b i 7§
" 2 g l‘\..-r - o L
: | ] focalization

- Extimate a global constant parameter - Estimate spatially-varying parameten
= i bocalization = wayf Ipcallization

ﬁ- syl

An Extension to Climate Predictions

Barry (1967)s LSC schama

Gt P -k desity l ok

P P BRI ENTON PR 4
[P | dhoigd waner e Ing rati|
e potl @ of choud dropiet

e

Radiational blas mitigated
{ve. CERES)

N e
] aA ==

N

CTRL TEST
Kotsuki et al, (!“2“: J(-'H)

Wy
o

-

Promising seasonality off the coast of California
- (shallow conwvection in summer)

Ongoing challenge:
GPM/DPR Assimilation

Hou et al (20743
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State estimation would be difficult, maybe due to
leng revisit period (> 1 day) w.r.t. precip. Process.

|

Estimating parameters for cloud microphysics

* NSWE (vapor, cloud, ice, rain, snow, graupel)
— Parameters ; terminal velocity coefficients

dlira.g | I
el P =FreaP™ o0 ) e

- Ny Cr 1590 440
4

5 -| L | =] A 050

WA Cy [ 150

To estimate model parameters of
cloud microphysics w/ GPM/DPR

Cs Sensitivity to KuPR & KaPR (FT=24-72hr), DPR

OBS

£ (GPM/DPR)
27 - KaPR

& ' NICAM-JSIM
E (Cs=4.84; default)
; NICAM-JSIM
Ei | (Cs=0.84; slower)

Impact of using smaller Cs (slower snowfall}

[T] Q
1l i
== e b
& -
i

-

PMSh: Mix, Rotie: O [g/kg]
o

HH

SH

—— —=
ir omy o T ET (] i

~83 -G ~CEA-GET AaF 404 o1 @3 [F-TN -41 -000-407-231 G017 Ood ask &

& Imgroved by smaller T RMSD v [RA ndeciom (30007 Debgradied by smaller Ci ¥

(2) Better to use larger Cs for the stratosphere?

——n,

(1) Beneficial impacts in the troposphere ]

CTRL: defauli pammeter  TEST: smadler smovw parmmeicr (Cs 4 24940 B4y

Summany

+ State estimation w/ DA
- Gaussian Transformation worked well
- Analyses and forecasts were improved

* Parameter estimation w/ DA
- Maodel parameter simultanecusly estimated
- Precipitation forecasts were improved

= Evaluation of model's cloud microphysics
= 5till challenging
= Parameter estimation seems to work

-2
« FIRXEET I NICAM, SPEEDY
- SRR ET L SIBUC
s P24+ EoPUATHAT
- EFILR, 7 —4REHE, AR, ESEHE

. HiEis: HEE v IF—SOEBRGEN
- PR L SRS - IR (eg. TFEDD)
- F—SEHCEERAR (eg. IFA D ARENE, BilHE)
— FLLVGRMMORNE (eg, Btz> 1)
fr—HICTEETILESENE. BENI<EELN,

+EEMERERELTOWEY. BLAFLNIEBITLTF2L.
= shunji kotsuki@chiba-u jp
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Remote sensing of environment and disaster laboratory Institute of Industrial Science, the University of Tokyo, Japan
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For further details, contact: Etsuko Nakazono, Be-601, 6-1, Komaba 4-chome, Meguro, Tokyo 153-8505 JAPAN (URL: http://wtlab.iis.u-tokyo.ac.jp/ E-mail: nakazo@iis.u-tokyo.ac.jp)
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in Forest-Agriculture Mosaic of Eastern Thailand

Nuntikorn KITRATPORN and Wataru TAKEUCHI
Institute of Industrial Science, the University of Tokyo, Japan

Abstract: In Thailand, human-elephant conflict (HEC) in the form of crop depredation by wild elephants have been intensified and negatively impacted
local communities’ quality of life. Despite increasing concern and urgent needs for solution, limited studies explore landscape-scale spatiotemporal pattern of ﬁ =l_
this conflict. This study comprised of two parts. First, we identified HEC hotspots by applying Maximum Entropy modeling with remote sensing dataset
which represent level of resource suitability (EVI, TRI, Forest%, KBDI, distance to forest and water) and human disturbance (human population density,
distance to road, lit-up areas, and protected habitat). Two-dimensional conflict matrix based on thresholding approach was used to categorized predictive
results into four groups (high, likely, low, and rare). In the second part, we quantified land cover on 2000, 2005, 2010, 2015, and 2018 using random forest
classifier and overall land cover changes to that within high HEC zones. We found HEC probability were governed by distance to forest and protected areas,
drought condition, changes in vegetation, and human density. However, land cover changes were unlikely a cause of increase in HEC, but some land cover
ype (e.g. plantation) may assist elephants to move through the landscape outside natural forest.

1. BACKGROUND - T 2. METHOD

Dataset

Resource
Fig.1: Wild elephant herd in feeding in cassava fields KBDI (Drought index)
(matichon news, 2017) MODO09A1
MCDI2A1
¥ Landsat Water Surface
Objectives SRTM (Topographic)
1. Model spatial pattern of crop damage by j " Disturbance
wild elephants using satellite-derived data = EE DMSP & VIIRS
and maximum entropy modeling j 11 Landscan
2. Assess trend in HEC probability over 10 = n Thailand Highway
years period, 2009-2018 i WDPA (Protected Areas)

3. Quantify the changes in land cover within
identified HEC hotspot compare to

Fig.2: Location of study area in Eastern Thailand Fig.3: Dataset and flow of this study

(a) (b),

3. RESULTS

Fig.5: Extracted from dry season, the high HEC
season, (a) Temporal distribution of areas predicted
as High, Low, and Very Low category during 2009-

Wet 1
" % 2018, and (b) Changes in HEC probability from
E 2009 to 2018 visualized using RGB composite, Red:
',“ < o negative slope (decreasing trend), Green: intercept
oy 8 % § (baseline of HEC probability in 2009), and Blue:
W g positive slope (increasing trend).

Y ™y z «‘:, . 'y ¥
Y 2
v - ; -
Procecind Aveas MEC Motxpot {Mumbers of your with repested pradiction g
Province Boundsry  puh confict Nore 12 ¥
o Boad RetworkS sty contict Nore 12 g .
%g::;‘é?ﬁ;‘g!?‘ ety Corfut Norw 12 " Fig.6: Land cover changes in 2000, 2005, 2010,
Rave (01 e 12 2015, and 2018 for whole study area, within
Fig.3: Simulated HEC zones based on location of reported HEC cases and relevant environmental responses Angruenai HEC one, and wn‘hm. Khaoyai HEC
zone (HEC zone = High conflict in dry season)
Fig.4: Total areas of HEC during dry season under each category, an increasing trend in high HEC i i i Koaays_ HEC
can be observed = 23 &
8000 = i 7 —
7000 ..
6000
N — Oy
5000 9 o ® (1997 2004 2014 S S
4000 = 2 t - Crup
3000 * N il B Pt T e d
2000 r S g, SN LT pre — s
1000 . e 3 Sp— [
P R . L .-"'-.-\_-\_] " —t
R R R S R N R R R R RN R R R N R TR b S i E———
SESTTPFEES SEFFECTTFE SPEEEPPEES. BB TP PSS B HH e —— !
I
=High=Likely~“Low Rare
4. DISCUSSIONS & FUTURE WORK « Actions for each HEC zone, i) Rare: elephant-vehicle-collision ii) Low: land-use iii) Likely:
human behavioral change , iv) High: both land management (e.g. fences) and human awareness
+ Overall, HEC occurrences are concentrated near protected areas and forest « In the last 20 years, forest continuously increased. Plantation expanded. However, composition of
* Drought condition, vegetation changes (e.g. green-up), and human population density also land cover differed in each HEC cluster
influence spatial distribution of HEC « Land cover is unlikely the cause of increase in HEC, but may assist in movement
* Potential High HEC zones are estimated mostly in 2 areas: i) around Ang Rue Nai WS (Rayong, * Drought condition and its relationship to HEC, as well as response of each land cover type to
Chonburi, Chantaburi) and ii) cluster near Khao Yai NP (Nakhon Ratchasima, and Prachinburi) drought should be further studied
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Estimation from Paddy Rice Field over Bangladesh
Md Rahedul Islam and Wataru Takeuchi

Institute of Industrial Science, University of Tokyo, Japan

Introduction

Greenhous gas methane (CH,) emission from wetland paddy rice field is account for 55% of total greenhouse gas emission from agriculture(Stocker, 2014).
Global . agriculture emitting around4.6 Gt carbon dioxide equivalent (CO2-eq.) yr~! in 2010 (Tubiello et al.,2013). Annually, approximately 34 million tones
(Mt) of rice (7% of world rice production) are produced in Bangladesh, covering over 70% of total land (BBS, 2016). Production is expected to increase by
50% to meet the demand of an increased population with changing dietary preferences by 2050 (BBS, 2016). Agriculture is estimated to be one of the largest
sources of GHG emissions in Bangladesh, estimated at 78 Tera-gram (Tg) carbon di-oxide (CO2)-eq. in 2016, to which rice cultivation contributes
approximately 30% of total GHG (CO2-eq.) emitted from agriculture (FAOSTAT, 2018). Concurrently, Bangladesh is recognized as one of the world's most
vulnerable countries to climate change, due to socio-economic conditions and its geographical location (Islam and Nursey-Bray, 2017). It is necessary to
focus on the climate change vulnerability Bangladesh faced for the need of mitigation, and thus mitigation policy in agriculture should be developed.
However, In Bangladesh, emphasis has been given to adaptation rather than mitigation, although there is potential to reduce GHG emissions from
agriculture. To reduce greenhouse gas emission from rice cultivation, it’s very important to proper emission estimation from rice paddy field. There are a
numbers of uncertainties to estimate methane emission from rice paddy. In this study we used remote sensing-based rice and irrigated rice area map and
IPCC model for methane estimation from rice paddy field in Bangladesh.

The main objective of this study to estimate methane emission from rice paddy field with remote sensing-based seasonal rice and irrigated rice area map

and regional adjusted IPCC model over Bangladesh from 2001 to 2018.
Data and Methodolog Result and Discussion
2] (a) (b) (9 (d

The MOD13A2 Kalman’s filtered NDVI and MCD12Q1 dataset used for seasonal rice [ ———————— P L= TIL e
e - S ol
» » L

area mapping. The MODI16A2 potential evapotranspiration and GSMaP effective e At
precipitation data derived seasonal irrigated, supplementary irrigated and rainfed rice i ¥
area map been used in this study. The IPCC, 2006 guideline for CH, emission f —— _— e

estimation from national inventories have been used for this study. We adjusted the 2 : o} o 2l H M,
IPCC prescribed value based on regional characteristics of rice cultivation. Finally, we

compared our result with relevant study. The overall research flow shown in figure -1.

i .- i i

lre 5 e

Methane Emission from Boro Rice

Y
H
i
i

EL ; (i) () k) .

[ MODI13A2 (Seasonal Rice Area, 2001-2018)

MOD16A2 and GSMaP (Seasonal Irrigated
Rice Area, 2001-2018)

Figure 1: Research Flowchart f Annual Methane Emission from Rice Paddy H

_ -6 E !

CHy gice = Yiju (EF 4 X £, X Ay X10°) [¢)) 1 (2001-2018) H
CH, g, = Annual Methane emission from rice paddy field, Gg CH, yr

EF,;, = Daily Emission factors under i,j.k conditions, kg CH, halyr!

i § SFy=[1+ {(ROA 1% CFOAi 1) + (ROAi £y x CFOAi P3| 5

{ ROA; s = Application rate of rice straw (Bor 0= 0.70, Aus/Amon = 0.40

| ROA; 1y, = Application rate of Farm manure (0.60)

| CFOAi o - Conversion factor for organic amendment (Rice
i Straw)=1

;.= Cultivation period for i, j, and k conditions, days _—

Ay = Annual Rice cultivated area under i, j and k conditions, yr

ij and k=Represent different ecosystems, water regimes, type and amount of organic
amendments, and other condition under which CHsemissions from rice may vary.
EF,=EF, X SF, X SF, X SF, X SF @

EF, = Adjusted daily emission factor for cultivated rice arca

EF, = Baseline emission factor without organic amendment (IPCC default value, 1)

SF,, = Scaling factor for preseason water regime before cultivation period ( default value = 1)

SF,

caling factor for organic amendment (Boro = 1.40, Aus = 1.31, and Amon = 1.26)

Sealing factor for Soil type, rice cultivar etc. (Not considered in this study)

oo Pl Bacd oo e R B

(a)

¥

Mt s | Hemslreda [y
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Figure 2: (a) Methane emission from seasonal and annual total rice paddy field of Bangladesh,

{ CFOA....= Conversion factor for incorporated shortly before cultivation = 0.14

SF,, = Scaling factor for different water regime (Irrigated =1, Supplementary irrigated = 0.70, rainfed = 0.28)

Equation 1, 2 and 3 are based on IPCC,
2006 guideline. The parameters value

are adjusted based on the rice
cultivation characteristics of
ladesh. The " -

rate is used for; Boro, Aus and Amon
season methane emission estimation

Result and Discussion

(b)

= Boro Season  ® Aus Season = Amon Season

Irrigated Rainfed

2001 to 2018; (b) Seasonal methane emission rate from irrigated, supplementary irrigated and

rainfed rice paddy field (in kg ha'!)

Figure 3: Annual methane emission distribution from rice paddy field of
Bangladesh; (a) 2001, (b) 2002, (c) 2003, (d) 2004, (e) 2005, (f) 2006, (g)
2007, (h) 2008, (i) 2009, (j) 2010, (k) 2011, (1) 2012, (m) 2013, (n) 2014, (o)
2015, (p) 2016, (q) 2017 and (r) 2018 .

Comparison with Relevant Studies
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Figure 4: (a) Comparison of our RS-IPCC based annual methane emission from rice
paddy field with FAOSTAT, EDGAR3.2, CIAT and PIK inventory estimation; (b)
Comparison our RS-IPCC based seasonal emission rate with CH4MOD?2.5, DayCent,
MODEVAL and field level CH4 flux data.

: Conclusion

iThe highest seasonal CH4 emitted from irrigated Boro (218.4 kg ha™), and lowest from rainfed Amon rice ( 55.0 kg ha''). The annual methane emitted |
{from Boro, Aus and Amon rice are 1029.44 Gg, 780.91Gg and 110.05 Gg respectively. The Annual methane emission was 1384.97 Gg in 2001 and 1941.21
{Gg in 2018. The methane emission from rice paddy field in Bangladesh gradually increasing over the time .
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Mangrove forest changes detection and biocapacity

estimation from 1985 to 2018 in China

Zheng Yuhan*, and Wataru Takeuchi
Institute of Industrial Science, the University of Tokyo, Japan

Abstract: Mangroves in China have experienced various changes in different time periods due to anthropogenic disturbances, climate change and national
restoration policy. However, few studies quantitatively analyzed these changes. This study detected the changes of mangroves in China from 1985 to 2018 by
combing Landsat and ALOS PALSAR images. The results demonstrated that the total areas of China’s mangrove in 1985, 1996, 2007, 2010 and 2018 were 20,086
ha, 18,033 ha, 22,428 ha, 23,639 ha and 24,602 ha respectively. Mangrove area began to increase after 1990s mainly due to the national conservation actions. The
causes for mangrove changes are various in different regions and time periods. However, most mangroves gained from aquaculture and lost to built-up. The
changes between mangroves and other land covers also caused the biocapacity changes in coastal zone which contributed to around 17,000 gha increase of
biocapacity from 1996 to 2018.

M o7 World 2.1 Mangrove mapping and change detection
- Lo 190 g St 1997 Py
v/ 3
1985 1995 2005 2015 . r ’
4
" Yot ana zhang 200r) China [r— tesimpiag o y
s e
- e o -'f“‘""
Gia etal, 2018) L1}
25000 \
Fig. 1 In situ photos of mangroves in £ Lt
Zhejiang province, China. e o o Lo e
Objectives: Fig. 2 Mangrove area changes. Fig. 3 Location of study area

» Quantify the long-term mangrove dynamics with high accuracy by combining Landsat and ALOS PALSAR
images and analyze the main driving force for each province;

» Estimate the biocapacity changes in coastal ecosystems caused by the conversion between mangrove and
other land covers.

W Table 1. Classification accuracy.
£
Province Area Overall Kappa
(ha) accuracy (%) i
2] 24.48 88.89 0.6200
FJ 908.55 98.76 0.9496
s GD 9.214.63 96.22 0.9042
GX 9,095.71 98.30 0.9571
. HN 4269.78 93.25 0.8646
HK 533.34 99.02 0.9794
Macao 10.62 - -
P Teimsn ™ 54234 93.83 038115
P . . Total 24,602.45 96.03 0.8858 . . . .
o . 2.2 Biocapacity estimation
bl kaage Mty iy c | Calculation of biocapacity for Single Land Use Type:
! i i |
* 3 | BC=A X YF X IYF X EQF (National Footprint Accounting, 2019)
» +* i=| . . .
i E =t BC: biocapacity of a given land use type, gha (global hectare)
e 7o | = A:Area of a given land use type within a country, nha-1
Hinsa e i | “*" YF: Yield factor of a given land use type within a country, wha nha-1
S T | 64 IYF: Intertemporal Yield factor of a given land use type for that year
= 5y — |_ L EQF: Equivalence factor for given land use type, gha wha-1
Fig. 4 Spatial distribution of China’s mangroves in 2018 and zoom views of OB r Biocapacity /gha 12000
& B &
three mangrove natural reserves. The background of (a)-(c) are ALOS ¥ - Mangrove |
PALSAR-2 mosaic in 2018 shown in R: G: B = HH: HV: HH-HV composite. Fig- 5 Mangrove area changes in China. Mudtlor — R
- ERERE"- . . CR l I - - l ERERE Asriculure g
L Aquaculture S a 000
- Seawater
- Soltmarsh. [— o
1 1.5 2 25 3 35 7782 12616 2562 2259
l I I l I Fig. 7 Bmcapacuy ofwdll‘f;ferenl land covers. Fig. 8 Biocapacity changes in
How
'

different time periods.
atoss 201
oo

o P M- 19962018

- - "B E.-EEE N l. . 7000
L
s000
o
1000
a I - I l a 10

Biocapacity :

w04 The area changes of mangroves
contribute to the increase of
biocapacity in China:

17,437 gha (from 1996 to 2018)
4,821 gha (from 2007 to 2018)

- s - - g - Fig. 9 Biocapacity changes in different 2,259 gha (from 1996 to 2018)
' e . i T regions.
T | = I I I & Bk * Mangroves area decreased from 1985 to 1996, while kept increasing after
- ki ] i dd 1996 mainly due to the national conservation actions since 1990s.
- ” ::“ - * Most mangrove gains came from aquaculture and mudflat, while losses were
. 5 l I I I l » ..I,;‘. i due to built-up and aquaculture.
. « Biocapacity changes are not only related to mangrove area changes but also
crinonl by e P the change types.
1 Mg g i ¢ The uncertainties: Training samples (1985, 1996); Indices selected for
Fig. 6 Mangrove gain and loss in terms of different land cover. classification; Tidal inundation; Different mangrove species and ages.
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Analysis of Aerosol Optical Depth Variations in

Colombo, Sri Lanka Using MODIS Datasets

Lilangi Varunika Wijesinghe, Wataru Takeuchi
Institute of Industrial Science, The University of Tokyo, Japan

Ll I.'l
o GOALS Abstract: Long-term aerosol concentration variations have been assessed on global and regional scales as it is an important input for the
studies related to air pollution, climate change and Earth radiation budget. Air pollution has become a serious environmental problem in many
cities of developing countries. Sri Lanka is not an exemption. This study analyses the temporal and seasonal variations of Aerosol Optical
Depth (AOD) retrieved by Moderate Resolution Imaging Spectroradiometer (MODIS) to understand about air pollution in Colombo, Sri Lanka.
After removing outliers in daily AOD dataset from January 2001 to December 2018, monthly mean AOD dataset is obtained. Time series of
monthly mean AOD values shows an increasing trend highlighting the rise in air pollution. Seasonal variations include low values for high
rainfall receiving months; April, June, September, October and November. Land-use land-cover (LULC) classification is done using the CART
classifier on the Google Earth Engine (GEE) platform for the city using Landsat images. The correlation coefficient of urban area and average
yearly AOD for the study period is 0.85542 meaning the two has a strong statistical relationship. Port city construction in 2016 was the major

land-use change occurred in Colombo and the influence of this on aerosol concentration is studied by calculating relative AOD change dividing
the study period into two.

1. INTRODUCTION 2.

Air pollution has become a serious environmental problem in many cities of developing countries.
Sri Lanka is not an exemption. Colombo is the capital city of Sri Lanka which has the highest rate of

Census data

L]
urbanization and industrialization.
Daily AOD values
(CART, GEE)
* Sri Lanka is undergoing rapid urbanization and industrialization
- By 2050, estimated urban population is 34% ‘Accuracy
- GDP is increasing while energy consumption also increases ‘ Rise in air pollution (g;lnc‘uhxrﬂgurzanﬂnz:nu?;r;) Essessment
. P . . N . . 2010 and 2010 — - —
- Level of industrialization in Sri Lanka is relatively low
. N . s . Seasonal AOD Urb: -
- Vehicle population is increasing (ADB, 2006 & CAl-Asia, 2008) “hange -
Discussion on air quality change in Colombo, Sti Lanka * Srilanka can be characterized into 4 monsoon periods
’ - 1 Inter-monsoon:  March - April
; - May -
| . . Dataset Product Spatial Dataset - 2" Inter-monsoon: ~ October - November
t & Resolution Duration - Northeast monsoon: December — February
o MODIS | Deep_Blue_Aerosol_Optical_Dep 10km 2001 - 2018
5 th_550_Land « Rainfall highest months for Colombo Municipal Council
> oy Landsat Landsat 5, 8 30m | 2001-2018 | (Dept. of Meteorology, Sri Lanka) — April, May, June,
mlleohmey = lbem: September, October, November
Figure 1: Urbanization increase between 1990 and 2005 Figure 2: Vehicle population growth between 1991 +  Using the below equation, the effect on AOD due to port city construction for each monsoon period is found
and forecast for 2050 and 2007

Average AOD(2018 — 2014) — Average AOD (2001 — 2014)
Average AOD (2001 — 2014)

Relative AOD change (seasonal) =

4. RESULTS & DISCUSSION

4.1 Time series of monthly mean AOD

1000

4.2 Urban area expansion of Colombo

900

600
500
300
y=0.7694x + 369.55
200

4.3 AOD variation in different monsoon periods

v Precipitation high months - April, May, June, September, October, November
v Precipitation low months - July, August, December, January, February, March

AOD * 1000

2004-05
2004-09
2005-01
2005-05
2005-09
2006-01
2008-05
2008-09
2009-01
2009-05
2009-09
2010-01
2010-05
201009
2011-01
201105
2011-09
201201
201205
201209
2013-01
2013-05
2013-09
2014-01
2014-05
2014-09
2015-01
2015-05
2015-09
2016-01
2016-05
2016-09
2017-01
2017-05
2017-09
201801

2001-01
2001-05
2001-09
200201
200205
200209
2003-01
2003-05
2003-09
2004-01
2006-05
2006-09
2007-01
2007-05
2007-09
2008-01

201805

201809

647,100 1,553,148 1.4 35.14 40.18 0.14 369.55 535.74 0.45

4.3 Effect due to port city construction

500
April, May, June Q15 The value -0.05 in July, August
300 July, August -0.05 period is due to the increased
200 September, October, November 0.14 rainfall after 2013 in Colombo
100 December, January, February, March 0.33
0

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018  The relative change of AOD due to port city construction is considerably higher and the highest
Year . > A
mApr,MayJune  Mluly,Aug B Sep,Oct,Nov Dec,Jan,Feb,March value is recorded in dry climatic season

AOD *1000

+ The average seasonal AOD is low for the months April, May, June, and Sept, Oct, Nov due to high precipitations . a . L ; . .
as well as high in July, Aug and Dec, Jan, Feb, March due to dry weather Furthermore, after 2014, observations of 0.5 < AOD > 0.8 was frequent than the previous period
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CITY, VIETNAM

Nguyen Thi Quynh Trang, Wataru Takeuchi
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1. ABSTRACT

Emission inventory (El) is required tool for both user community of air quality models and policy makers, regarding air pollution controlling. In
light of this fact it is important to update and compile the local emission inventories using available data so that the scientific background of
effective policies and the input data for atmospheric transport and deposition models can be designed.

Objective - to model the evolution of main anthropogenic emission sectors in HCMC using statistical data and remote sensing data. Expected
outputs are gridded Els for key anthropogenic emission sectors cover from 2009 to 2016. These Els has monthly interval and 1 km space
resolution and includes 12 species: SO2, NOx, CO, NMVOC, PM10, PM2.5, BC, OC, NH3, CH4, N20, and CO2.

Study sites: - Hochiminh city, Vietnam. This city has the relative independence on other adjacent sources. facilitating the compiling local El.
Result: Emissions of Transportation sector in HCMC were over 682 Gg CO, 84.8 Gg NOx, 20.4 Gg PM10 and 22000Gg CO2 in 2016, which are
were 1.8, 2.6, 2.5 and 2.03 times of the ones in 2009, respectively. The emissions of Manufacturing industry and Residential sectors include
both fuel consumption and electricity consumption. Electricity consumption is the most dominated emission source. In 2016, the electricity
consumption of these two sectors emitted 6985 Gg and 6691 Gg of CO2, respectively, increasing by 87% and 45% in compare with 2009,
respectively. Transportation is by far the highest emission source. The central business districts like Quan 1, Quan 4 and Quan 7 express the
highest emission intensities.

2 STUDY SITE AND BACKGROUND 3. METHODOLOGY
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Fig. 1 Study site — Ho Chi Minh city, - Hrminrm S ST [R—— s
Vietnam.
: — L
Available Els in HCMC applied Tier 1 " e
approach provided by 2006 IPCC e
Guidelines and they are not up to L s i etgroor
date anymore. Besides, the spatial ~ Fig- 2 GHG emissions by sector in HCMC, e - T — i
allocation of emissions to create 2013 provided by JICA, 2015. Three key . o e, e
feci i issil tors are: Transportation, T I o .
emission maps is needed for both emission sec e s R i
. X . Manufacturing Industry and Residential - e R ——,
policy makers and air quality sectors I S - e o e e, RN
numerical model users.

4.1. Annual emissions of three key sectors

bbb “LLLLLLLL HHIHIHHHH

4.2. Emission maps of three key sectors

Fig. 5 Annual CO2 emissions of Electricity
consumption and Fuel consumption of
I | | Manufacturing industry and Residential
| sector in HCMC
] '] 1 ] ] i 1 |

Fig. 4 Comparison of annual emissions (Scope 1) among three main sectors
in HCMC from 2009 to 2016

o b B o B

- Transportation has the highest sharing ratio among three emission sectors.

The emissions of CO, NOx, SO2 and CO2 from traffic in 2016 in HCMC were 1.8, 2.6,

2.5 and 2.03 times of the ones in 2009, respectively.

- In terms of Manufacturing industry and Residential sectors, electricity consumption ’ :

is the most dominated emission source. In 2016, the electricity consumption from L. <0 [Gal

these two sectors increased by 87% and 45% in compare with 2009, respectively. Fig. 6 Annual CO2 emissions of three key ?}?,uu

- Basing on emission maps, the central business districts like Quan 1, Quan 4 and sectors: Transportation, Manufacturing M 1

Quan 7 express the highest emission intensities, which can be over 1900 times of the ~ industry and Residential sector in HCMC i R

ones in outskirt area. h -+t ) A
Fig. 7 Emission maps of three key sectors in HCMC in 2016

For further details, contact: Ms. Quynh Trang, Bw-601, 6-1, Komaba 4- , Meguro, Tokyo 153-8505 JAPAN (URL: http://wilab.iis.u-tokyo.ac.jp/ E-mail: gtrang@iis.u-tokyo.ac.jp)
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30 Years National Scale Seagrass Mapping
in Vietham with Landsat and Sentinel Imagery
on Google Earth Engine

Xuan Truong Trinh', Wataru Takeuchi'
"Institute of Industrial Science, The University of Tokyo, Japan

/ Abstract: Seagrass beds, one of the blue carbon ecosystems, are crucial for mitigating climate change. However, their distribution is decreasing at an alarming rate. To provide a baseline for seagrass area change, this paper aims to\\
‘monitor changes in seagrass distribution in the entire Vietnam over 30 years with Landsat and Sentinel-2 multispectral images. Vietnam was chosen as the study site because the country exemplifies a diversity of coastal environment.
Due to the rapidly changing nature of tropical coastal waters, the surface reflectance over water pixels changes constantly. By carefully selecting images and masking out turbid water pixels, we estimate the changes in seagrass with a
Random Forest classifier. All documented seagrass beds in Vietnam were analyzed in this framework. In total, Vietnam lost about 50% of seagrass beds between 1989 and 2019. Some major seagrass beds in Vietnam, such as in Cam

Ranh Bay, Van Phong Bay, and Tam Giang Lagoon, as much as 60-80% of seagrass beds were lost. Most lost was due to the direct impacts of land use ion for use. Some seag beds appear however,
the degraded water quality suggests that the productivity of these seagrass beds may have decreased. These trends are common in places where pressure on coastal development are high. This research is the first to give a spatially
explicit estimate for the inventory of seagrass in Vietnam with a i method natic ide. Hence, it i to the ing of istribution in the Tropical Indo-pacific region and provides the foundation for the

Qonservation of these valuable ecosystems.

$ /

Flowers of Enhalus / lll. Results \
BLUE acoroides on a sandy [ \
CARBON substrate in Phu Quoc

island, Vietnam.

-
A
I Introduction =
+ Seagrass beds are crucial for their ecosystem services in preventing erosion, provision for fishery, .
water quality improvement and carbon sequestration. (Duarte et al., 2008) ©
» Coastal development by human and water quality degradation are the main causes of seagrass loss. -
(Waycott et al., 2009)

+ Remote sensing-based seagrass monitoring is cost-effective, appropriate for large-scale monitoring.
(Hossain, 2015; Hossain, 2019, Phinn et al., 2018) =
+ Seagrass in Vietnam has been decreasing due to coastal development (Cao, 2012) I3

* Unknown:
« There is no spatially explicit maps of seagrass distribution changes for Vietnam with a consistent
methodology applied in every region over 30 years.

Methodology \
Figure 1: Changes in seagrass areas (ha) in major sites in Vietnam, between 1985-1990

Automatic

i Landsatr Sentinel Table 1: Table of major seagrass bed sizes in hectares in Vietnam, for each 5 year period from 1985 to 2019.
Image selection Surface Reflectance
Seagrass sites Province 1985- 1990- 1995- 2000- 2005- 2010- 2015- Percentage
1990 1995 2000 2005 2010 2015 2019 lost

Cloud masking
Phu Quoc Island Kien Giang 12684 14738 13607 n/a 11855 12005 10313  18.69%

Tam Giang — Cau Hai  Thua Thien- 9914 6897 9959 2985 3580 1990 2141 78.40%

Sun glint correction Lagoon Hue
Van Phong Bay KhanhHoa 3532 2220 1735 1408 1325 1300 772  78.14%
Calculate Cam Ranh Bay Khanh Hoa 2519 1871 1370 1381 1193 1874 917 63.60%
NDWI, NDVI Thuy Trieu Lagoon ~ KhanhHoa 1666 1447 1335 902 1254 1100 895  46.28%
Cu Mong Lagoon Phu Yen 883 1215 468 702 770 210 n/a 76.22%
‘ Analytical water ‘ ‘ et sy ‘ Visual MyHoa-MyTuong  NinhThuan 457 466 407 319 330 308 233  49.02%
column correction interpretation Hon Kho KhanhHoa 317 410 154 131 176 83 73 76.97%

1 1 (in Van Phong Bay)

I = Hon Tre KhanhHoa 137 94 104 68 56 69 58  57.66%
Classification | Training data (in Nha Trang Bay)

Seagrass distribution e Total 32100 29358 29139 7896 20539 18939 15402  52.03%
Validation
maps
® About 15,000 Landsat & Sentinel-2 images were analyzed.
Spatio-temporal *  Accuracy assessment of selected sites were at 95%, however our area estimates are about 3-5 times higher than field
; survey results from the national reports.
analysis ©  Most seagrass lost are in areas with rapid aquaculture developments.
. e Rapid loss in late 1990, coincide with National Decree 773-TTg (approved on December 21, 1994) that encouraged
Flow chart for seagrass mapping \ reclamation of coastal lands for shrimp farming. /

| / \
\ /
A 4 \\ .
/ . N\ Ve N\
/ Discussion \ /[ Conclusion: \

This is the first spatially comprehensive and temporally continuous estimate of seagrass distribution at a Even though there can be improvements in accuracy, this result means:

national level for a 30 year period. . o . .

. ) . We could monitor the seagrass distribution in the most recent 30 years who most of Vietnam. This would

Some relative minor seagrass beds were discovered. provide a cost-effective method to assist in the monitoring of seagrass.

_As field surveys are expen_sive, and are rarely done in developing countries, _lhis result highlights the Areas with extensive human activities lost 50-80% of their seagrass in between 1985-2019. Most relevant

importance of remote sensing techniques for seagrass ecosystem conservation. drivers to changes are land reclamation and aquaculture. Most seagrass was lost during the late 1990s, due to

This result provides the foundation for the ing of the future distribution of aggressive land use policy and has been better controlled recently.

This result can be used to estimate the biomass and carbon ion value of This paper highlighted the need to update the global estimate of Blue carbon stocks.

This adds to the carbon stock inventory of each country and provides economic basis for conservation. Next step:

Observing the changes in seagrass ecosystem is also an indicator of environmental quality. This is crucial Estimate the ecosystem values for these seagrass beds by incorporating biomass estimates, density, species.

for risk assessment in fisheries.
P . . Further validation and share these results as a database.
\ There are similarities between seagrass loss and mangrove loss in Vietnam, this could be due to changes | \ ) o . ) .
\ in coastal land use policies. // \\ Analyze factors that influence (impacts of land ), aquaculture, nutrient loading) /
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Groundwater Storage Changes in Xilingol, China

Estimated from GRACE Observations

Yaru Muschin, Wataru Takeuchi
Institute of Industrial Science, The University of Tokyo, Japan

Abstract: Groundwater is a vital water resource for agricultural, industrial and domestic water use, especially in arid and semi-arid regions. Xilingol of Inner Mongolia Autonomous e s
Region, China, is undergoing the depletion of water resources, which is mainly caused by water consumption through irrigation and coal mining. To protect this ecologically fragile o
environment with limited water resources, it is crucial to monitor groundwater storage (GWS) changes and control groundwater depletion. However, insufficient in situ measurements are
limiting the quantification of GWS changes. Launched in March 2002, the Gravity Recovery and Climate Experiment (GRACE) twin-satellites provide global observations of total water
storage (TWS) anomalies, which are the sum of the water stored in the land, including snow, surface water, soil moisture, and groundwater. GWS anomalies can be estimated by removing
other water storage components from TWS anomalies. In this study, GWS anomalies from 2002 to 2017 in Xilingol is assessed using GRACE observations and Global Land Data s w
Assimilation System (GLDAS) hydrological model. Increase in soil moisture is detected, while GRACE-derived GWS anomalies exhibit significant decreasing trends with rates of -0.20 e
cm/year, -0.37 cm/year and -0.50 cm/year in less cropland area, mining dominant area and cropland dominant area, respectively. The results suggest that GWS changes are closely related ‘*"
to human activities and climate change. Groundwater depletion exacerbates from 2008, when coal mining became the major industry in this region. GWS recovers in the years with more s
rainfall. The results would provide information on GWS changes in Xilingol where there are limited ground measurements. _—
b [Ny 32 00) ] fequ (o] MMl Fig.1 Water consumption amount in Xilingol ~ Fig.3 Location of the study area  Objective: Estimation of the spatial and 2. METHODS
. temporal features of groundwater storage
changes in Xilingol using GRACE data. Dataset: Gravity recovery and climate experiment mission (TWSA)
‘ ‘ ‘ Global land data assimilation system (SM, SWE, CW)
Tropical rainfall measuring mission (precipitation rate)
| - Global food security-support analysis data (cropland)
Cropland area Coal production Afforestation area

Total water = groundwater+ soil moisture+ surface
water+ snow water equivalent+ canopy water

Fig.4 A coal mine on the Xilingol grassland

Fig.2 Changes of cropland area, coal production and afforestation area in Xilingol and horses grazing next to the coal mine
3. RESULTS & CONCLUSIONS Sl e (
i ~ .
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Fig.5 Coal mining area and cropland distributions across Xilingol
. ‘ ‘
® Groundwater storage is decreasing in Xilingol; decreasing rate is
higher in cropland area (3) and lower in less cropland area (1). ’
® Groundwater storage decreased significantly around 2008 in area (2),
which is consistent with the time of the mining boom. N | | || | |||| | , | | | . | | | Y ||| I N ||| 17
® Groundwater storage recovered from 2012-2016, which are the '"‘I ||||||' |”||l ||||||I ”””1 ||||| | ””M ||||| |||||1' |||||' '|||"| |||||| ||"||‘ |||| | |||ﬂ | ||||

years with more rainfall.

Fig.6 Time series of TWSA, GWSA and precipitation rate anomalies

4. DIscUsSIONS & FUTURE WORK
® Assessment of the impact of human activities
® Surface water storage has not been removed from total water storage, which could affect the results. (coal mining, irrigation, afforestation) on
® Validation of the groundwater storage changes is not discussed due to the unavailable groundwater well observations. groundwater storage changes.
® Mass changes caused by coal mining may be mistakenly identified as a part of the total water storage changes.
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Regrowth and LUC-Emission: traps behind the plausible consistency in net CO, flux
in TRENDY-v8 models

Zhongyi Sun !, Masayuki Kondo ?, Kazuhito Ichii ?, Tomomichi Kato 3
1Field Science Center for Northern Biosphere, Hokkaido University, Hokl

, Center for Environmental Remote Sensing, Chiba Unive
3 Research Faculty of Agriculture, Hokkaido University, Ho.

IR0 0GUN (0  Although the existence of large carbon sink in terrestrial ecosystems is well established, the detailed information and components of

this sink remain uncertain. In order to study the global scale ecosystem carbon cycle and budget, several dynamic global vegetation
models (DGVMs) have been developed and considered to be the most suitable way. However, almost all the estimates of carbon fluxes based on each model
vary widely. Among them, the net CO, flux (i.e., NBP) seems to have a plausible consistency. Therefore, in this study, the differences between different
models of the net CO, flux were analyzed in detail to figure out Whether this consistency is true and what facts are behind it.

MATERIAL AND METHODS

Simulations of the global dynamic vegetation models (DGVMs) used in this study are from the TRENDY v8.
CABLE-POP; CLASS-CTEM; CLM5.0; DLEM; ISBA-CTRIP; ISAM; JSBACH; JULES-ES; LPX-Bern; ORCHIDEE; ORCHIDEE-CNP; SDGVM; VISIT.
Forcing dataset:
Global atmospheric CO,: 1700-2018 annual time-series, derived from ice core CO, data merged with NOAA annual resolution from 1958 onwards.
Land use change (LUC): ~1950 LUH2 v2h; 1950-2019 based on new inputs from HYDE, and new FAO data for the national wood harvest demands.
CRU Climate forcing: 0.5 degree CRU monthly historical forcing over 1901-2018 : S2_NBP= (S2_NBP_SI_NBP)+ S1_NBP
CRU-JRA climate forcing: 0.5 degree CRU-JRAS55 6-hourly historical forcing over 1901- 2018
Simulation protocol: } (CO, + Climate) effects 4
S1: variability in CO, (time-invariant “pre-industrial” climate and land use mask) — \ S Climate effect
S2: variability in CO, and climate (time-invariant “pre-industrial” land use mask) - T
S3: variability in CO,, climate and LUC (all forcing time-varying)

AFyq l > Regrowth flux
_k} ‘ AF,,
. . . . LUC emissjons
egative sign (+): a net sink to the land ; AFyic AFpe
~

- CO, effect

coz2

=(S3_NBP-S2_NBP) +S2_NBP
|

Positive sign (—): a net source to the atmosphere | (S3_NBP-S2_NBP)= (S3_NEP-S2_NEP)+ )i
! (S3_NBP - S3_NEP)- (S2_NBP - S2_NEP)
Fig.1 Sign Convention for Net CO, Flux Fig.2 Descriptions of Flux Terminologies
RESULTS AND DISCUSSION
. . woorw ww e v o e e o 180° 135°W  90°W  45°W [ 45°E NE  135°E 1807
ISBA-CTRIP 1555 oTRIP JSBAGTRIP I'd [ 1
2 e U — ; * ¥ _— ’ > 7
< 2 >
s, Gapeeror S ] VA TNE v 3
O 1 ISDAGTRIP CLASSETEMoncipe: (4L fenDLi s 1 e h" ¥ -
D sonome orcome R, BRSO G Cheeder PV . z
T puoper SN e R Orcuives. Rt )
0L gt ‘ I e 1
2 [ T ORCIEBFE-CNP P
WS B B fiviea ) { -
DGV oRcHEE P ~ C . x FY
1 » <~
e o NL ) < |
Fbcvir ) ‘ ; ' ‘ g
1950s 1960s 1970s 1980s 1990s 2000s 2010s Alces { s -

Decades e e e
Fig.3 Plotbox of AF,, estimates of each model G 3
t ; e I8|_)° 135°W  90°W  45°W [ 45°E NE 135°E 1807
—AFue —AFcozscimate— 2 Fret ‘." < 7z
8 —AF g —AFgo, §
AF AF v e e e

— LUCe " Climate

N

N

Standard Deviation (PgC/yr)

v e e e g
. -
’

—— "|AFLyuCe
L 4 A L -
‘3 P; std

T @Oy g1 5 10 15 20 45 60 80 100 110 120 130 140 150 160 180 200 250 300 400

0
1950 1960 1970 1980 1990 2000 2010 2018

Time (year)
Fig.4 Time-series of fluxes' standard deviation Fig.5 Spatial distribution of fluxes' standard deviation of 1950-2018.
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ROILETILERAL-BRDF Sl —3 3y
[CHELZER A EREICDOULNTOERET

y Takumi Fujiwara+ Wataru Takeuchi
e o o IIS, The University of Tokyo

Spatial resolution of voxel model for BRDF simulation

Abstract: Various Bidirectional Reflectan ce Distribution Function (BRDF) simulator has been developed. The model considers various vegetation parameters and use d Monte
Carlo ray tracing. Using the simulator, sensitivity analysis of BRDF to several vegetation parameters (e.g. leaf area, stem volume and leaf inclination) has been done.
However, the spatial resolution of a model to represent forest is also important because BRDF is affected on a shadow. The aim of this study was to analysis of BRDF tc
spatial resolution of s model. The voxel model was used for represent a forest and Sentinel-2 was a target image. Firstly, the reflectance was simulated by calculated fo,
shadow/shade. Then voxel size was 0.2m. Secondly, voxel size was changed to 0.5m, 1.0m, and 2.0m. Finally, reflectance simulated by each voxel size was compared wit!
Sentinel-2 surface reflectance. The result showed, in case of band was NIR, RMSE was minimum at voxel size was 0.2m. However, in case of band was VIS and band 8A, RMSE
at voxel size was 0.2 m was larger than RMSE at other voxel size. Future task is to apply this simulation method to other forest and confirm the spatial resolution for BRDF
simulation.

FERBBROFS 32l —A— RBESNTHY . A SSA—R(E  HBEL Sentinel 2B & Bang 8
R EQAEST BHERL)EAV CHZNBATIRNE ORI, 2019598290 T N T4
DEESHARTHATNS, —5 T BROFERICLDEEE Ho. RIELF(R02md - s MG,&} o
WCRHBEVSHREREHE0, PI1L —4—ICANTS SUSal— LI REFe3 ¢ N WA
BHROSRTETVEBRT PLMAMELERLERTHS. (TR, M Sentine-225 £ | gogiz ™ sasan
ZCTABETIR. RO BLEFLERANT. BEARENSE BAL-ZERSE. i % '
ZBBRDFLIaL—Yav ADBEBEART, HEELEBEE MiIal—rLiRitEc =%
#BIESentine-2THY . AE MIF FHITRT ZFADASFHI—IH H5,Band’,88AZFKRET T L .g Band 5
REPE I WD E RILEBKTHS, #iFE(XHopea ferrea THD. A EDBand TBKHETEE = Q
ROELETIL D4 AXE02mM 52 0mE CEALEE S Iab— Bof, 241 8 &L
avETol=, FigdlZ& N\ FBEUVERY ~ Band 2
I A4 X THORMSEZ RT . ‘Band 4
AR R ARSI TR 09 - - - 4
S ILHAZXH0.2mdD B LY Sentinel-2 B(Reflectance)

H. 05m1.0m2.0m O 7 A Figure3 Scatter plot of the simulated
RMSEDVNELAE D TAHIEM  reflectance and  Sentinel-2 surface
OB, — AT EFKRIMET  reflectance for overall the study forest. Voxel
IERIEILH A4 X H02mEL  sizewas 0.2m.

L TIFRMSEA K E Lo T=,

voxel size: w02m #0%m «01m = 20m

\

Figure.1 Overall the study forest

RETEDIIaL—3070—

Fig2 [k ¥2alL —

LavIA—IZiEn. R
FEESIal—kLT
Simple Model of the
Atmospheric Radiative of
Sunshine (SMARTS) code ‘ ll Il I II

35k Al oo als
emicmE Xz A e ot e B

1 812

RMSE

é% HjL’s %h% *Lb‘\ﬁ B2 B80) ) B8 Bl6 BO7? 808 BAA B1t
wmEh b E & %shadow Band
&ShadebL TEHELT=,

Figure.4 RMSE for simulation at each band and voxel size

BREGRD RE

YRal— LR ENBREE (CH-EBRICK. EOBEEES
BLTWEWIERRREEER OND , Fiz. A7/ FAOBBA/AUKIC
T.RIEIL D7D EEEE RELT HE RMSEN /NS R RAIG . R
BELEBILEN  BEMRD AT EITHERISENAELD D ARIIL
TKBELHB,

X . 1)Kobayashi, H., H. Iwabuchi, 2008. A coupled 1-D atmosphere and 3-D canopy radiative transfer
simulation for surface reflectance model for canopy reflectance, light evironment, and photosynthesis simulation n a heterogeneous
using a voxel model landscape, Remote Sensing of Environment, 112, pp.173-185.

2)Xin Ding et al., 2002. BRDF modeling and inversion of structure parameters for sparse vegetation
canopy," IEEE International Geoscienceand Remote Sensing Symposium, Toronto, Ontario, Canada,
Vol.4, pp. 2553-2555

Figure.2 Framework used for

For further details, contact: Takumi Fujiwara, Bw-601, 6-1, Komaba 4-chome, Meguro, Tokyo 153-8505 JAPAN (URL: http//wtlab.iis.u-tokyo.ac.jp/ E-mail: ftakumi@iis.u-tokyo.ac.jp)
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Monitoring earthquake and volcano phenomena
through HHMAWARI-8/AHI observations

GENZANO NICOLA *, COLONNA R. !, FALCONIERI A.2, FILIZZOLA C. 2, HATTORI K. 3, LISI M. 2, MARCHESE F. 2, PERGOLA N. 2 and TRAMUTOLI V. *

1School of Engineering, University of Basilicata, Via dell’ Ateneo Lucano, 10, 85100 Potenza, Italy
2 National Research Council, Institute of Methodologies for Environmental Analysis, C. da S. Loja, 85050 Tito Scalo (Pz), Italy;
3 Graduate School of Science, Chiba University, Yayoi 1-33, Inage, Chiba, 263-8522, Japan
* Contact author: nicola.genzano@unibas.it
Remote sensed data provided by meteorological satellite sensors have proven themselves as an useful tool in the field of geohazard assessment and their
mitigation. In particular, data provided by satellite sensors on board of geostationary platforms, which allow to obtain information on large areas with an high
time frequencies, have been exploit, for example, for the reduction of seismic and volcanic risks.
Since 1998, the general change detection approach Robust Satellite Techniques (RST; Tramutoli 1998, 2007) has show good ability to identify and to monitor
phenomena associated to earthquake process, as well as volcanic process. Based only on satellite data without any use of additional information (i.e. ancillary
data), the RST approach can be easily implemented on different satellite data.
In this work, in order to study earthquake- and volcano-process, and their related phenomena and products, RST approach has been implemented on radiance
collected by the Japanese satellite sensor HIMAWARI 8/9-AHI. Here, we show the achieved results of two different RST analysis. The Sulawesi (Indonesia)
earthquake of magnitude Mw~7.5 occurred on September 28, 2018 and the eruption of Mt. Agung (Indonesia) of November 2017 have been take in account as
test cases.

The change detection methodology, RST (Tramutoli, 1998, 2007), analyses time-series of satellite images acquired under the
same observational conditions (e.g. same sensor, similar time of the day, similar month of the year, etc.). In the RST scheme, a
variation of the signal is considered as ‘anomalous’ when it deviates significantly from its "normal" behavior as measured at a
specific place (x,y), and time of observation t. Anomalies are identified using

the statistically-based index ALICE (Absolutely Local Index of Change of the

Environment) signal anomaly being computed as follow:

re:
- V(x,yt) is the variable V value measured at location (x,y) and time t;

- Hylx,y) and o,(x,y) are respectively the expected value (usually the time average)
and the standard deviation of V(x,y,t) computed on locations declared as cloud-free
and belonging to the chosen data set tet, where t determines the homogeneous
temporal domain of multi-annual satellite imagery.

RETIRA (Robust Estimator of TIR Anomalies; Tramutoli et al. 2005) index,
which derives from the more general ALICE index, is used to identify TIR
(Thermal InfraRed) fluctuations possibly related to the occurrence of
earthquakes, and it was defined as:

where AT(x,y,t) = T(x,y,t) — T(t) is the value of the difference between

the punctual value of TIR brightness temperature T(x,y,t) measured

at the location x,y acquisition time t, and its spatial average T(t)

computed on the investigated area considering only cloud-free locations, Results of long-term correlation analysis
all belonging to the same, land or sea, class (i.e. considering only sea pixels Period

if x,y is located on the sea and only land pixels if X,y is located on the land). Sluly a3 e o

N Not
Number  Associated Associated to
i e ! Associated of Associated to
OUUEEH ofeams  tosstast “S90ed - O Qs Eas
2015 -
15 1
sax

(Pergola et al., 2004) is a multitemporal algorithm which identifies
airborne ash by means of two local variation indexes defined as:

where BT3.9(x,y,t), BT11(x,y,t) and BT12(x,y,t)
are the brightness temperatures (BT) measured
at 3.9 um, 11 ym and 12 pm wavelengths
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What is vegetation phenology?
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Why study vegetation phenology?

~Biological response and feedback of vegetation to
the climate system (Pioc et ol 2019-GCB)
v'e.g., Climate warming = earlier green-up &
later senescence
v Longer growing season =¥ increasing carbon
uptake

TLHESC

Methods for phenology observation
at multi-scales

Drone Satalline

Bemaote Sensing  Remote Sensing

indhddual Community Landscape

Advantage of satellite remote sensing:

Long-term observations at large scale
|referenced from Pioo ef of, 2015)

Remote sensing-based definition of

Vgetation Index (V1)

Phenological Metrics
e

SHett-aD Onst
e Shaet liming of the | T T Jlln End of tha

NG RN, s\os:‘ ey saison, EDS)
'_t 'i“ | Growing Seasen Lesgm \L_‘i" i_‘

Day of Year (DOY)
1) Greenup onset [SOS): the date of onset of Vi increase;
2) Maturity onget: the date of onset of VI maximum;
(3] Senescence onset: the date of onset of Vi decrease;
4] Dermancy ondet [EDS): the date of onset of VI minimum.
# Namely Land Surface Phenology (LSP)
[referenced from Zhang et ol, 2016)

Elsturity Cwsst Senescence Onset

General Flow for Phenology Estimation

@[ Computation of Vegetation Index (V1) ]

3 [ Quality Improvement of ¥l Time Series ]

3[ Extraction of Phenolegical Metrics ]
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Conventional Vegetation Indices (VIs)

= NDVI [normalized difference vegetation index)
= EVI {enhanced vegetation index)
* EVI2 (two-band enhanced vegetation index)

EEETE

~ However, these indexes are sensitive to
the influence of snow effect on phenology
estimation.

BEROTRITORE

A movel snow-free vegetation index:

Normalized Difference Greenness Index
[ NDGI ] :

06 p VegetaSon -
5 v 1.
NG =% . : i__ﬁﬁ
tno + Ry *
Rue ~Rims = 5 o
o s . » BREER
2 Ryo* Ry it
E ¥ gl . Pt K
Full st oon il FA i : o LE Ry #ll Tk Ry - Ry { | Lol il |
DESVE, L, er] I i \ B Ex R #ll=C)x Rog +Ry,, 00 I —— ]
YUY -_f"_.\ H ¥ ¥ 3 ¥ i 3 A s i oo T
ENLRAVILTRTE P v d i i . - FCOHE
i l Tinckagth () e
m . u - - - OFERE
T Tt NDGI,y g = 255 B s +0.35x Ry = Ropeg
065k __+035:R, +R
* EVI2 is increased by snowmelt in early spring + NDGIis designed to remave
+ Estimation of SO05 will be advanced (Zhang et al., 2015) the snow effect on phenalogy estimation.
(ang ot al.. 2005, Revmade Sens, Ensiron )
Mechanism of NDGI for being snow-free RIS R - B3R o ki
e
* FLUXNET# 4 F @)CH-Hab (2006%)
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 WDGI is almost "zerc’ except for green vegetation.

[Yang 1 al., 2019, Remote Sens. Erminon.)
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Validation @Grassland of Inner
Mongolia (from third party)

Vegetation index

—— NI —— N =— NITWA - NIl

* NDGI-based SO5 estimations are more reliable than
MOV and NDPI-based 505 [ Cao et al., 2020)

® lﬂ.uiﬂit\r Improvement of VI Time gg;]

Limitation of existing filtering methods

= Savitaky-Golay (SG) filter
* Fourier transform

« Wavelet transform

« Whittaker filter

......

~ Limitation: cannot deal with continuous gaps
(caused by snow, cloud or shadow) within the
VI time-series

(Cas, ., Bang POUE, Remote Sem. Ermiron. |

m A new filtering algorithm;

Spatial-Temporal Savitzky-Golay (STSG) filter

3 o e e wrn sisle
= Integrates spatiotemperal oy o 2
information with the e P B R
Savitzky-Golay method al W Y
TR - L -
= Canaddress continuous B | | femneemie
missing data in the Vi time i ™ l_,"".‘
series Bl W v
wa . & -
(1] 2

Good = Unoeriain = Clowd
- * Applied to estimate
- - winker wi
" ?;Fﬁ’ 4mm  phenclogy in North
et China plasn {wu,
" ol e Yang®. #tal, 2019,
. —— Remote Sens.}

1

{[ Extraction of Phenological Metrics ]

“rgnation Inde (VT

m A widdely-used phenalogy extraction methed:

Double Logistic Function-based method
= Double Logistic Function (DLF):

NDGIDOY) = NDGI, + (NGl ~ NDGE, ”"[h—g--ém:ﬁ*ﬁ-lm:"]

Maturity Onsst e Hm'f‘l Onset # Estracted Phanological Metrics
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Phenology based on NDGI + DLF

.| sos leos . ..~
* Time-lapse Tl /;/ i .
camera mmmp i | / i /
(¥ k3, oL S s
644 k) E=C :
* PhenoCam i e o
sites — I RATSE_ECH= 226 daps
i-l

(FEdk, QoA b U RMSE_S08= 122 days

8 . P O

= Satisfactory accuracies have been obtained.

Poor performances for croplands
= E.g., for winter wheat phenclogy estimation

L P . o

-l '
e v el 3 -
] L ﬂ
H adr e e .
= ol { §Fw®
".5
- L3 L el
* Tellim - P 3 e 1
- e BRI 1
B2 3
'l "~ . -

= - 1
e A0 Flbmare (4 ey

Wang et al, (2017}

EMorth China Plain

Guo et al. {2019)

= Large discrepancies between field measurements and
satellite estimations (by logistic function) of winter wheat 505

Relative Threshold method

recalibrated for winter wheat

: 0.8 Relutive ihr'n"_u
=06 105 =
04 é
0.2
0 .

B X &0 S0 |0 150 180 210
Day of Year (DO}

Relative Threshold

+ A data-driven empirical method may not be globally
applicable

{Wiha, Yarg®. ot al, 3019, Remaote Seni.)

Improved performances for winter wheat
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* Good agreements between field measurements and
satellite estimation of winter wheat 505 and EQS

(Wha, Harg®. et al, 2018, Remote Sens.)
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MODIS data-based Estimation

- s e wE W e e

— i = Input data:
of 4 DRRENLS proming Seess {J 3 MODOSAL (8-day,
: ; T i 500-m reflectance)
' 8 w%, v -  Period:
1 'f\* e |1 2001-2018
# W‘:""’ .'r..d:ﬂ P = Areas:
' b o : >30°N, Asia BEurope

+ Reasonable spatial and
temporal pattems were
observed for 505 and EQS,
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GCOM-C data-based Estimation
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= Input data: GCOM-C GAC [2-day, 250-m BRF)

= Period: 2018 g
= Areas: parts of the North-Hemisphere

Validation by PEN data: FHK site (E+&8)
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= 50%a 133 (GCOM-C) vs. 50%= 143 [PEN by GOC) + Spring is better than Autumn
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Validation by PEN data: TKY site g s
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LSPETE 70X 7 FOREFEOEIR

* Developed a new vegetation index
(NDGI) and a new filtering method (STSG)
for LSP estimation

* Collected phenology field observation
datasets (PhenoCam and PEN)

* Generated preliminary LSP products
based on MODIS and GCOM-C data

SHOEY A

* Development of global phenclogy extraction
method (combined ones for different ecosystems?)

* Generation of LSP products based on different
satellite data (e.g., Sentinel-2 @10m, GCOM-C
@250m, MODIS @500m, Himawari-8/9 @1000m)

+ Integration with Earth System Models (e.g.,
JAMSTEC teams)

+ Application to Biodiversity studies as one of the
Essential Biodiversity Variables (EBVs)
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Spatial Distribution of Urban Heat Island
In Denpasar, Bali Based On
Remote Sensing Imagery
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Backround I =2 e e
# In Bali, Indonesia, an increase in the tourism industry and the population is The study have done in Denpasar ciry, Bali Province, T
creating huge social and environmental problems, especially on urban land Indonesia. Denpasar city has four districts: North Denpasar, © il
use changes. South Denpasar, West Denpasar, and East Denpasar. i
# Amost noticeable phenomenon that has arisen as a result of city expansion Figure 1 indicates the distribution of Denpasar city and six L
is that urban climates are warmer and more polluted than their rural graphic profiles (transects) to examine their intra-urban o B
counterparts (Lo and Quattrochi 2003), or called the urban heat island (UHI) variation. L
effect. The population of Denpasar reached 335,196 people in 1992 Tt s L
» The UHI is the charactensncwarmth of urban areas compared to their (non- and increased to 880,600 people in 2015, an increase of - amEaLIE mrE
it refers to the increase in air more than 250%. T 3 -
temperatures, but it can also refer to the relative warmth of surface or The main remote sensing data used in this study is daytime . el A
subsurface materials (Voogt and Oke, 2003). Landsat 5 TM and Landsat 7 ETM+, acquisitioned on 3 = S
@ The avallablll(y of land surface !empsrature (LST) from Landsat data has February in 1995 and 21 March in 2003, respectively is in
i the study of the between UHI and surface Path 116 and Row 66.
biophysical parameters (Lietal. 2011). We used TIR (Thermal Infrared) bands 6 (10.3-12.4 um) to
& The objective of this study was to quantify the entire urban heat island over estimate land surface temperature. Visible/Near-Infrared
Denpasar, Bali, Indonesia as a continuously varying surface by using bands 3 (0.63-0.69 pym) and 4 (0.77-0.90 um) used to
Landsat satelite data. It was expscled that the of lculat issivity (€) with the NDVI (Normalized Difference Fig 1. The study area of Denpasar, Bali Province, Indonesia. Lines indicating the transect cross
heatisland i P Vegetation Index) approach. section to examine LST intra-urban variation.

In order to convert the DN data from Landsat TM and Landsat ETM+ into spectral
radiance, Equation (1) can be written as (Chander et al. 2009):

L&‘u/

= gainx DN + bias

inis the slope of the radi: DN function; and
is the slope of function; an K,

Methods

Where: A = wavelength of emitted radiance (for which the peak response and the
average of the limiting wavelengths (A = 11.43 um) will be used); ¢ = surface
emissivity; o = Boltzmann constant (1.38x10% JK ); h = Planck's constant
(6.26x10" J's'); and c = velocity of light (2.998x10° m s).

In fact, the emissivity (¢) estimated by utilizing NDVI (Valor and Caselles 1996;
Van de Griend and Owe 1993). Surface emissivity on pixel scale derived using

deviation as a criterion for classifying temperatures (Smith 1986; Garcia-
Cuetoetal. 2007; Zhand and Wang 2008).

- The thermal differences are considered normal if they are + 1 times of
standard deviation, with regard to the mean value of temperature;

- They are considered as cold points, that is, cold islands, if the thermal
differences are < —1times of standard deviation, and

bias is the intercept of the radiance/DN conversion functionandcan  T=— 2
be found in header files of TM/ETM+ image. Hereafter, the at- K
sensor spectral radiance converted to at-satellite brightness In| —-+1
temperature in Kelvin, T (°K), by the following equation: L,
where K, and K, are pre-launch calibration constants. K, = 607.76 and 666.09 (mW cm”
s ym™) for Landsat TM and ETM+, respectively; and K, = 1260.56 K and 1282.71 K for
Landsat TM and ETM+, respectively.

- They are considered as warm points, that is, heat islands, if the thermal
differences are > +1 times of standard deviation.

Finally, six graphic profiles (transects) were outlined on both image to
estimated their intra-urban variation of land surface radiant temperature
(seeFigure 1).

NDVI in conjunction with proportional vegetation cover. NDVI computed from
image data using the following formula (Tucker, 1979):

NIR- Red

NIR + Red

where NIR and Red is the Landsat surface radiance for the near-infrared and red
bands, respectively. When NDVI values range from 0.157 to 0.727, Van De Griend
and Owe (1993) gave an effective equation as follows:

NDVI =

) Table 1. Estimation of emissivity using NDVI
The temperature values obtained above are referenced to a black body. Therefore,

corrections for spectral emissivity (€) became necessary according to the nature of land £ =1.0094+0.047 In(NDVI) NDVI Land surface emissivity (¢ )
:Z;i(:;rn(e\{ia:nfm(i;srslilri‘g\7:&52\‘?*199%). E.ﬂfhcg:rg(‘fef"d peslanclcovey WtSQOT:;:jﬁ For the area that the NDVI value is out of the range (0.157-0.727), it is using the NDVI < -0.185 .985
& - o © issivi by Zhang etal. (2006) as shown in Table 1. -0.185 = NDVI < 0.157 0.955
(Trad, °K) were finally computed as follows (Artis and Carnahan 1982). SHissiity o y. 9 » 5 = Mo = @ a7 1.0094 + 0.047 * In(NDVI)
T To examine the distribution of estimated urban heat islands, the surface radiant NDVI > 0.727
T = temperature was classified into three temperature types based on the standard =
"1 (A T+ (hx clo)ne ) Zhang et al. (2006)

# g
- -
Fig2. of LSTin D at 1995 (left) and 2003 (right). Fig 3. Daytime LST profile (transects) in 1995 and 2003 at six different ~ Fig 34 Warm-coldislands distribution in 1995 (left) and 2003 (right).

placesin D from from Figure 1.

Figure 2 left and right shows geographical distributions of LST in Denpasar in 1995 and 2003, possible to observe numerous ‘ridges”, “valleys”, “plateaus”, “peaks” and “basins”, indicating the

respectively. Very clear seen the LST in 1995 quite large increase compared to 2003. In 1995, the areas
with higher surface radiant temperature were mainly located in the central urban area with a typical strip-
shaped associated with the traffic road systems. In 2003, the extent of LST increased significantly. With
the growing central urban area, the extent of LST dramatically expanded from the inner cycle highway to
the outer one, linking the suburban areas and the substantially growing satellite towns, which were
characterized with small and obvious sub-centers with higher surface radiant temperatures.

Figure 3 shows daytime LST graphics profile (transects) in 1995 and 2003 at six different places in
Denpasar area extracted from line cross from figure 1. In the LST transects profile presented it is

heterogeneous nature of land surface temperature over the space. Transect line generally shows LST in
center of urban area higher than in the edges of sub-urab area. The “valleys” and “basins” of transect line
indicated high density of vegetation from urban forest (holy area) or growing time period of paddy field.
Based on Figure 3 left and right, percentage areas of UHI show from 1995 to 2003 the areas of the cold
island decrease from 18.54% to 16.99%. The normal areas also decrease from 64.38% to 47.20%.
While the heat island areas increase from 17.09% to 35.31% of the whole area.

Difference in UHI patterns in Denpasar is associated with many factors, including changes in land use
land cover and the presence of vegetation in urban areas.

Coni ons

o The UHI phenomenon in Denpasar area has been found in 1995 and 2003. Areas of heat
island dominant occurred in central part of urban area and significantly increased and
expanded from 1995 to 2003. In general, LST intensity decreases gradually from the central
parts of the city towards the surrounding.

Based on UHI classification from 1995 to 2003 the areas of the cold island decrease from
18.54% to 16.99%. The normal areas also decrease from 64.38% to 47.20%. While the heat
island areas increase from 17.09% to 35.31% of the whole area.

Surface radiant temperature and surface UHI patterns in Denpasar are characterized by
urban surface bio-physical parameters.

Increasely of LST and areas of UHI from 1995 to 2003 are may causes by land use land cover
change and the existing of vegetation abundance changes.

Because we did not perform land use land covers changes analysis, is still uncertain reason. It
is necessary to doing further study to find out the relationship between land use land cover
change and the presence of vegetation with UHI distribution in this city. That use several
remote sensing indices are possible to found these relationships.

o

o

Y

o
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Circular Polarization Plane Antenna with Elliptic
Resonators using High Dielectric Constant
Substrates

2020. 02, 20

Yumi Takizawa (I5M), Atsushi Fukasawa,
C.E. Santosa, L.T.5. Sumantyo (Chiba University)

Objects of this Study

Structure and Dielectric Materials of substrates
= Stripline Resonator Antenna with
Elliptic Feed- and Reactance Elements
= High &r dielectric substrate is used
Glass epowy Er = 4.6 tan & = 0.010
ref. Teflon er=217  tan b =0.0005

Characteristics
= wideband axial ratio
- High directive gain

Cost reduction
* Electro-chemical metallization on substrates.

Structure of Triplate Stripline Resonator Antenna
with Reduced Cross-sectional Radiation

Triplate Stripline
Resonator/Antenna

Configuration of Triplate Stripline Antenna

r £

Elliptie Festl- and reactance elements.
Ground plate and grounded collar are abbresiated.

Orthogonal Arrangement of 4 Antennas of Ellipse
Configuration of Routing Wire for Parallel Feeding

b

4B
&

& EY L] .5 W -1} 1 5.5 iF
Friguancy | GHE
Return Loss (dB)
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Input impedance (0)

Freguency | GH
Left : real part, Right: imaginal part Axial ratio (dB)

Dielectric Directive Gain vs Constant

& : 30 simulation

[this paper]
o : measured

(Hanaishd, 81 al)

R R R R B OB %I IR
Thata | Bagerm

directive gain (dB)

§ 1 2 3 4 5 4 7 & § W
Directivity (dB) o =W relative diglectric constant  Er

Conclusion
* Wideband response of and directive gain
Axial Ratio : 10 GHz =+ 0.5 GHz
* Low directive gain
Directive gain 6.0 dB [single antenna)

+ 4.0 dB (4-antenna array)
* Hard in optimization of parameters

Design of parameters sensitive
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Land surface temperature (LST) is a key parameter of land—atmosphere interaction on various scales.
Therefore, the LST has potential applications in environmental studies, such as the surface energy balances
(sensible and latent heat), vegetation monitoring, and urban heat island. Since satellite observations can
provide LST data over a wide area with homogeneous quality, LST retrieval algorithms have been proposed
for various sensors.

Himawari-8, a new generation of Japanese geostationary satellite, began the observation from July 2015.
The Advanced Himawari Imager (AHI) onboard Himawari-8 features high spatial (about 2 km) and temporal
resolution (10 minutes). We present a new LST retrieval algorithm utilizing multi-bands of Himawari-8 sensor.

LST retrieval from Himawari-8 data
d Nonlinear Three-Band Algorithm (Yamamoto et al., 2018, JMSJ, 96B, 59-76.)

1—é&,

1—¢&504 1—¢p.
LST = |a; + ay—————| T1p4 + |a3 +ay Ti12 t|as +ag————
€104 €124

112

+07[T10.4 — Ti12)* + aglT10.4 — Ti24]*+0[Ti12 — Tiz4l?+aso

> Ty0.4 T11.2, T12.4: The brightness temperatures observed in
three thermal infrared bands of Himawari-8.

> €104, €112 €12.4: Land surface emissivities (LSEs) of three
thermal infrared bands. LSEs are estimated
based on land cover data (GLCNMO2013),
NDVI, NDWI, and NDSII.

> Coefficients a,~a,, depend on the satellite zenith angle.
They are determined from Levenberg-Marquardt regression
method of Rstar6b simulation data.

> Cloud masking is applied as a preprocessing because the

thermal infrared radiation radiated from land surface cannot
transmit the clouds The flowchart for the operational retrieval method of LST

Validation and Intercomparison

Other LST retrieval algorisms MODIS LST (MOD11, MYD11) In-situ data (Tibetan Plateau)

1 Algorithm errors in Rstar6b simulation data 3 2.5-min rapid scan area around Japan 1 Observation Site—BJ (Tibetan Plateau)

- 215 radiosonde data N Location: 31° 22'8.73"N, 91° 53'55.26"E
- 87 emissivities (40 soils, 23 rocks, 12 vegetation, Bias = EZ(LSTmmawam — LSTwopis) Altitude: 4511 m, VZA:63.56 °, LSE:0.90
N
i=1

1 water, 5 ice/snow, 6 manmade materials) J 1-31. 2016
- January 1~31,

Nonlinear split-window 10.4-11.2 Pl 30
~e Nonlinear split-window 10.4-12.4 - Summer (August 2015)
~# Nonlinear split-window 11.2-12.4
-&-Nonlinear Three-Band -

R=0.883
Bias = 0.182
10 1 RMSE =3.297
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- €104, €112 and €154 £0.02 W (UTe) Himawari-8 LST (°C)
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R =0.964
Bias =-2.881
RMSE =4.021
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Summary and Future works

@ NTB can stably estimate the LST, particularly in hot and wet environments.
@ NTB has the highest robustness against the uncertainties in the LSEs and NEDTs of the three TIR bands.

@ Himawari-8 LST tends to be higher than MODIS LST during daytime (esp. in summer). The reason for the bias might be the geometry of data retrieval.
Hiamwari-8 look at Japan from the South, thus it sees more southern sides of objects (Zaksek and Ostir, 2012, RSE, 117, 114-124).
@ Validation using in-situ data at Tibetan Plateau showed that the validity of our LST product over high satellite zenith angle (SZA).
O This Himawari-8 LST dataset will be publicly available soon from CEReS, Chiba University. The dataset can be used for various applications to AsiaFlux community,

such as temperature anomaly monitoring, vegetation stress monitoring, terrestrial carbon cycle modeling.
AsiaFlux and OzFlux observation networks are powerful for LST validation. We are keen to work with your recent (2015 - ongoing) observation data.
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Monitoring for variation of vegetation season using Himawari-8 in Southeast Asia

CHIBA
UNIVERSITY

Introduction =

Table 1. Himawari-8 (AHI) vs Himawari-7 (Imager), Terra, Aqua (MODIS)
Terra, Aqua
(MoDIS)
o
16bands
VIS, NIR, SWIR,
MTIR, TIR

Himawari-8 Himawari-7
(AHT) (Imager)

16bands
VIS, NIR, SWIR,
MTIR, TIR

Sbands
VIS-NIR(1),
MTIR, TIR

Bands

Spatial Resolution

0.25km, 0.5km,
(at Nadir) 1km

0.5 - 2km 1km, 4km

Obs Frequency ~ 10min (Full-disk) 1hour (Full-disk) 1day

T,

Data and Method

Target Region, Period

- WHRE 20164 -

- AREIRTE
AR, HiEh, KEH, ZOMOHEE (GLCNMO2013; Class1-15)
%) MBS OFEZALORAT T LB IRIL RO

- MHYA b (AsiaFlux) : all sites are rainforest sites
Palangkaraya drained forest (PDF), Lambir Hills National Park (LHP),
Pasoh Forest Reserve (PSO)

il 97°E, 127°E, 12°S, 8°N

Fig. 1. Target region, sub-regions, and sitc. The left is GLCNMO2013 (land cover). The right
i the length of the dry season (months). The dry season is defined as the month with < 100
mm/month precipitation. GSMaP Gauge v7 (daily) is used as precipitation.

Inter-Comparison of Cloud mask

- —FRBLTEV—EE(FRT86.1%) (Fig. 3).

- ERHEEEINTOAT AHI>MODIS OBRFRERITUS.

- AHIEMODISESB(CEEREHIBIENEV LIV BOAZEAL(Z,
BEERKE0Z(E/Y- 2L~ (Fig. 2).
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Fig. 2.
Monthly
precipitation
calculated from
gsmap MVK_Ga
uge (v7) daily
data in 2016, in
the target area.
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Fig. 3.

Monthly match
rates of AHI and
MODIS (both
Terra and Aqua)
cloud masks at the
target land covers,
in the target
region.
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FEXY BEVE-M>YY>JE29— (CEReS , Chiba University)
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Inter-Comparison of Cloud mask
UFNHBEEIRY

Yamamoto et al. (2018)#E(CHEEE (ZERIfFEE0.01°).

MODIS (Terra/Aqua) EY2%

MOD/MYD35 (”Fﬁﬁﬂ%ﬁﬁ 0.01°(CE#%R).

“Confident clear”, “Probably clear”-"Clear”
“Cloudy”, “Probably cloudy”=>"Cloudy”

LB - U 2B I eI OMHMER.

STRUMKAI THEAEE & AHIEMODISOEAIRFZIDZENS
DR & BERIADZEN 4VAA| <= 10°H"D|4VZA| <= 5°
UVENDBSEMODISOERHIBE (CAEREN BV EZHE
Uk,

Analysis of Cloud removal efficiency

VFENDBSEYRY(FIRMFFRH T 9 :00~15:0002F 4
[&KET —4IFIAXA/EORCHER - 14D
GSMaP_Gauge_v7 (daily) (Ushio et al., 2013)
82/28 (dry month) (BEERMETI00mMMIUTEE
#U(Fig. 1 (right)).

EKDTerra/Aqua (MODIS) F—4%&ARVESEELEELT,

—h B OPESERRIZI SN ENIZ BN T O ZRFZE/RK)
(CERINTE.

Cloud removal efficiency

o

RS
Fig. 4. Spatial distributions of number of months with
no clear data, in the case of using (a) Terra, (b) Aqua,
(¢) Terra and Aqua, and (d) Himawari-8 data.
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sk 1 ercentages show the percentage of pixels with clear
BETHORE (Fig. 6). guu toratmonths,
(K ENZVIFHAEECIRZE LRI ENURENE.
'l
.|:|..,.... ——a— IIJJI] lll
missing data (y-axis) for the target region.
Fig. 6. Percentage of the pixel with no clear data in each month over the target land covers

ZRLT—INIRTO
ATEsnrtseln | ° |
&, Terrak \5 E
Aqua%.:.*)t’f 2= »— '
(Flg 4) ‘\?? \\
(Fig. 5). =2
TUFEDDBS(CLBPE
= VEDD 8 BILLZERULT —YEDIBING, STRZHEND
|
Fig. 5. Number of the dry season months (x-axis) and percentage of data with no monthly
(vegetations) in the target region.

Conclusion and Future prospects

O AAFROBNE, VEHD 8 SOREMSEEFITZENLT, FRZEL TKENSCERRRRIITICHNT, EOREMRHEMMOIT/0
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=»SEETNSEEIEMNGPPPLAIS SUSIFRELDEIFNBIEE T - ORI TEDL S BRBMRNROII DD EAEFIA T 3.

SEYRIT—IEHEEL, MODISEYRIT05) MNeMIBEIRGEETOL.
VENNBS EMODISOIMMRERFIRT —INSEEIEREHLL, BEREUCEE TOTNSOEHE LR,

ZUT, —hAROREEERRISEIERUE.

Analysis of Seasonal change in VI

VFENDBSIIRMEREIRT -4
**”"%%ﬂ%ﬁIE/ﬁbjtsc\.J:im)iETIT 4(FEACEReSHZ
7 —45)eFIA.
HEHMmEI - R6SVAERLTLook Up TablezfERkL, #R+iL
TN ORI R GTREHETE (Z2RIARRE0.01°; Table 2).
MODIS (Terra/Aqua) MREREIET—4
MOD/MYDO9GA (v6) (ZERIRBRKE0.01°(CFE1REs) %1E
AUk, B8, ETBRECE states_1km (derived from
MOD/MYD35) OEIYZAJ%ZAVE.
EREERMOEITIOHEERL, SMRIVFERRYA
(0.03x0.03°) TNDVI, EVI2016HF9EZHEHUE.
HEJE (SRAD) T—4(FIAXA/NASAVER - 1R DITRHL
704976 (daily) ZAVE.

Table 2.

Parameter Min

Lookup Table for
the Himawari-8

Solar zenith angle (deg)

View zenith angle (deg)

Ground Surface

Relative azimuth angle (deg)

Calculation.

Altitude (km) GTOPO30

Water vaper (g/cm?) :

0
0
o Reflectance
0
0
o.

Ozone (cm-atm) 0.05  MODO08_D3

AOD 550um 0

AREAOL AREAD3

Vegetation Environmental
ctor

Himawari-8 TerragAqua

Precipitation | — p
) . -0.276 0.745 0.086

NDVI

SRAD (W/m?) #0533 | +0.723 0260

Precipitation y — y
o -0.048 0.138 -0.116 0737 | -0.055

Evi2

SRAD (W/m?)| #0747 | *0.551 *0.665 | *0.828 | 0240

Fig. 7. Seasonal changes in NDVI, EVI2, precipitation, solar radiation averaged over 16
days, in (a) AREAOL, (b) AREAO2 and (c) AREAO3. Error bar is standard error.
Table 3. Correlation between the vegetation index of Himawari-8 (AHI) or Terra/Aqua

(MODIS) ona 16-day average, and the

and solar

factors (daily

radiation), in cach sub-region. * arc defined as P-value < 0.0 (null hypothesis; R = 0).

EIREMNROBNT, RGEERROFEHE(CORRNZITOR.

STUFTIEEIEEE K E/ BT EOMGEENENE/ED
1RSEEST: (Fig. 7,Table 3). ZOHT, VENNSED
EVI2¢ B8 BORMRN RS
B NEATCORATTIZ, 254 NTF 0K F0END
8EQHHLBIEN, 1EMOT -SRI THBESRD
BELEBEESNRNR(Fig. 8).
o IHEREARIAIEL, GPP
PLAIBLUSIFREDLD
P EENAEET -0
RSB

Fig. 8. Time series of 16 days mean

.'i NDVI and EVI2 in the LHP site
(0.03%0.03°). Error bar is standard error.|
Bar plot is the number of clear data has
used for a composite.
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Vegetation growth monitoring by drone remote sensing

In precision agriculture

Tokyo University of Information Sciences Jonggeol Park

Introduction Vegetation Index for Drone

Grasping the heigh‘t a_nd color of crops such as rice and wh_eat is an i.mpor.tant The RGBVI was introduced by Bendig et al. (2015) as the normalised
means f9r determining Whether crops have been growing steadﬁy since difference of the squared green reflectance and the product of blue X red
ancient times. However, it Atakes time and effort to look aroupd a wide field reflectance with the function of capturing reflectance differences between
and measure the plant' belght and §olor. The average culFlvate'd area per chlorophyll a-absorption and chlorophyll b-absorption. The visible
farmhouse in Japan (Ministry of Agriculture, Forestry and Fisheries 2014) is atmospherically resistant index (VARI) was proposed by Gitelson et
as small as 23.35 hectares in Hokkaido, 2.26 hectares in the Tohoku region, al.(2002).It is an improvement of GRVI (Rouse et al) that reduces
and 1.39 hectares in other prefectures, and there is also a large difference in atmospheric effects. Although this is not an expected severe effort in low
cultivation conditions between fields. More than 70% of family-run flying UAV platforms, it might locally be so. At Mediterranean sites with

agrlcplt}xr ¢ in the world. 15 less. than 1 hectare. . . large amounts of bare soil. In addition, it has been reported to correlate
Proximity remote sensing using UAV (Unmanned Aerial Vehicle) as a flat better than GRVI with vegetation fraction

form is expected to become increasingly important as on-demand remote

sensing that can be adapted to the region. As a result, UAV has been used in NIR —R G -R
many proximity remote sensing fields. As a previous study using UAV in the NDVI =——— GRVI = GiR
agricultural field, Tsuji et al. (2014) showed the effectiveness of paddy field NIR +R

monitoring using a radio-controlled electric multicopper and Tanaka et al. G2— (R+B) _ G-R
Using a small UAV. Mukaiyama et al. used SPAD values for estimation of RGBVI = VARI ~etR-B

2
brown rice protein content in an industrial unmanned helicopter using a G*+(R=B)

hyperspectral image sensor. In the research example using a multicopter, 3D
models (CSMs: Crop Surface Models) are created by using SfM-MVS
(Structure from Motion and Multi-View Stereo) technology using multiple
photos from a small camera, and biomass from the community height was
measured (Bendia et al., 2014). Uto et al. conducted paddy rice monitoring
with a small hyperspectral sensor for UAV. Tsuji et al. (2016) performed time-
series growth monitoring of rice using SEIM-MVS using multi-period UAV
data. In this study, we investigate the time-series phenology change of rice
using RGB image of UAV.

Study Area

Inba Marsh is located in the northern part of Chiba Prefecture, about 40-50 km
from Tokyo. The area around Inba Marsh is one of the leading rice districts in RGB GRVI RGBVI VARI
the prefecture with 7,000 ha of vast rice fields. Agricultural water is
distributed from the Inba marsh to every corner of the vast paddy field
through pumping stations and irrigation channels. And the Inba Marsh Land
Improvement District maintains these agricultural and irrigation facilities so
that the effects of irrigation can be fully demonstrated.

="

ot

T W

Fig. 2 Otrhomosic image on June 9th

Landsat Image

Fig. 1 Test site location

Figure 2 shows the result of orthomosaic image using 800 images observed
by Metashape software on June 9th. The pixel resolution is 1.2cm.

high

Fig. 3. RGB Vegetation Index comparison

We performed phenological changes of vegetation using time series VARI images (Fig. 3). VARI values tended to increase from the rice planting time to
before heading and decreased after the heading time. As can be seen from the RGB image, a lot of green is seen by stems and leaves before heading, but
it appears yellow after the heading due to the addition of rice. The same trend was observed for NDVI values.

In this study, it was found that rice growth could be estimated using time-series RGB data. It was found that the growth of rice in the field can be
estimated without an expensive near-infrared camera.
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