I

United Nations  *
ucational, Scientific and
Cultural Organization

Newsletter

Volume 13 No. 1
Issue No. 48
April 2018

International Centre for Water
Hazard and Risk Management
under the auspices of UNESCO

=

Public Works Research Institute
National Research and
Development Agency, Japan

ICHARM

International Centre for Water Hazard and Risk Management

Message from Director

The passions, the interests, and the science and technology

Director Toshio Koike delivers a presentation
at 8th World Water Forum (WWF8) on March 20, 2018

* Photo by courtesy of the Japan Water Forum / 55 : HAKT +—F L

In his book, The Passions and the )Rgi;:::;';;;;)/};ncesm linking e1"

Interests, on the history of social ;;/educanonaaossnam’“’“""'

thought, Albert Harshman explains

the shift of the governance from con- "oversne_ e

fusion to stability in each European 'gc"lt’"f",”ew[“ :

country in the early modern period. [;"a‘“mwe;oa

He points out that it was the interests, . qciuction (1DMR) S

that is to say “moneymaking passion”, nodu “e

that successfully controlled the kings'

malevolent passions, which had been

repressed under the Roman Catholic

power in the Middle Ages, released

during the Renaissance, and then

disrupted the societies in the post-Re-

naissance era. The interests that had been recognized as one of the three big moral
sins in the Middle Ages turned into a driving force for governing a nation and pro-
viding relief to people.

In the preparation for the 3rd World Conference on Disaster Risk Reduction held in
Sendai in March 2015, the Science Council of Japan, in cooperation with the science
and technology communities in the world, emphasized that science and technol-
ogy should be introduced to disaster risk reduction including governance, invest-
ment, early warning and recovery, and also stressed that dialogues between rele-
vant stakeholders and science and technology communities should be promoted at
the national platform on disaster risk reduction. This proposal was clearly included
in the negotiated outcome document of the Conference, “Sendai Framework”. At
the 8th World Water Forum held in Brasilia, Brazil, in March 2018, H.I.H. the Crown
Prince of Japan introduced the historical ingenuity and efforts for sharing water,
explained the key roles of the water cycle in the diversity and connectivity of the
regions on the planet earth scientifically, and highlighted the importance of the
knowledge fusion between society and science and technology communities for
prosperity, peace and happiness.

We recognize climate change as well as changes in societies with regards to popu-
lation, land use and so on. We need to improve our capacity of simulating the
changes and assessing and predicting their impacts, and share the obtained scien-
tific knowledge with society to support in making practical policies and taking in-
formed actions. As with the past paradigm shift from the passions to the interests,
a new dynamic shift is needed for science and technology to be truly integrated in
society.
April 27,2018

Toshio Koike
Director of ICHARM

under the auspices of UNESCO
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% Special Topics

Special Topics

Third ICHARM governing board meeting participants

On February 14, 2018, the third ICHARM Governing Board Meeting was held at
the International Congress Room of MLIT in Tokyo, Japan. The board meeting is
held every two years in compliance with the agreement between the government
of Japan and UNESCO, signed and concluded on July 23, 2013. In the meeting, the
governing board members review the reports on ICHARM's activities in the last two
years, and examine and adopt the long- and medium-term programmes and the
work plan for the next two years. The governing board had met twice before: first
on February 25, 2014, and second on March 3, 2016.

As defined in the agreement, the governing board is composed of seven members.
The current members include: Kazuhiro Nishikawa, the president of PWRI, as the
chairperson; Masafumi Mori, the vice-minister for Engineering Affairs of MLIT, as
a representative of the government of Japan; Blanca Jiménez-Cisneros, the direc-
tor of the Division of Water Sciences and the secretary of IHP as a representative
of the the director-general of UNESCO; Andras Sz6ll6si-Nagy, the chairperson of
UNESCO-IHP Intergovernmental Council; Yuki Matsuoka, the head of the UNISDR
Office in Japan; Akihiko Tanaka, the president of GRIPS; and Kunihiro Yamauchi, the
director general of the Global Environment Department of JICA.

At the meeting, Director Toshio Koike reported on the activities of ICHARM in the
last two years from 2016 to 2017, which were examined by the board members. He
also explained the work plan for the next two years from 2018 to 2019, which was
also examined and unanimously adopted by the board.

View of the meeting

Overall, the governing board highly appreciated the efforts by ICHARM. In addition,
they gave some important advice for further improvement of the activities and the
organization. One member suggested that ICHARM should expand its activity to a
global scale, especially to cover Africa and Latin America. Another member expect-
ed ICHARM to build closer relationships with other UN organizations and UNESCO
category 2 centres.

By following the work plan adopted at the meeting and taking the suggestions into
consideration, ICHARM will continue striving for disaster risk reduction on a global
basis.

The distributed materials and presentation slides are available at ICHARM website:
http://www.icharm.pwri.go.jp/special_topic/icharm_3rd_gb_en.html
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Special Topics
Summary of the 3rd ICHARM Governing Board meeting

Date: 10:00-12:00, Wednesday, 14th February 2018
Venue: International Congress Room, MLIT
Agenda:
- Confirmation of the rules and procedures for the ICHARM Governing Board meeting
- Examination of ICHARM Activity Report
- Examination and adoption of ICHARM Work Plan
Participants (listed in an alphabetical order of their organizations):
Akihiko Tanaka, President, National Graduate Institute for Policy Studies (GRIPS)

Andras Szolldsi-Nagy, Chairperson, International Hydrological Programme (IHP) Intergovernmental Council

Kunihiro Yamauchi, Director General of Global Environment Department,
on behalf of Mr. Shinichi Kitaoka, President, Japan International Cooperation Agency (JICA)

Masafumi Mori, Vice Minister for Engineering Affairs, Ministry of Land, Infrastructure, Transport and Tourism
(MLIT)
Kazuhiro Nishikawa (Chairperson), President, Public Works Research Institute (PWRI)

Blanca Jiménez-Cisneros, Director, Division of Water Sciences, and Secretary, IHP,
on behalf of Ms. Audrey Azoulay, Director-General, United Nations Educational, Scientific and Cultural
Organization (UNESCO)

Yuki Matsuoka, Head, United Nations Office for Disaster Risk Reduction (UNISDR) Office in Japan,
on behalf of Ms. Shoko Arakaki, Chief, Intergovernmental Processes, Interagency Cooperation and Part-
nerships Branch, UNISDR

Kazuhiro Nishikawa (PWRI) Blanca Jiménez-Cisneros (UNESCO) Masafumi Mori (MLIT)

Akihiko Tanaka (GRIPS) Yuki Matsuoka (UNISDR) Kunihiro Yamauchi (JICA) Toshio Koike (ICHARM)

(Written by Takafumi Shinya)
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ICHARM R&D Seminars are held as an opportunity for researchers to keep up with
the latest knowledge and information by inviting domestic and international ex-
perts in the field of hydrology and water-related disasters. The following reports
the 59th, 60th and 61st seminars held in February and April 2018.

Lecturer Position Title
59" |Dr. Blanca Jiménez-|@ Secretary of the International HydrologicallU NE S C O - | H P :
15th Cisneros Programme (IHP), International Hydrological
Feb @ Director of the Division of Water Sciences,|Programme
201é Natural Science Sector, UNESCO
60" |Prof. Andras|® Chairperson of the International Hydrological| The state of global water
15th Szollési-Nagy Programme (IHP) Intergovernmental Council resources and Nine
Feb @ Professor of Sustainable Water Management|Risk(y) Challenges for
201é of National University of Public Service (NUPS) |ICHARM to consider
61" |Dr. Wouter T.|Leadership Couch, Transformation First. Asia Leading Change in
10th Lincklaen Arriens Projects: What It Takes
Apr.
2018
<59">

Dr. Jiménez-Cisneros delivered a lecture, "UNESCO-IHP: Inter-
national Hydrological Programme." IHP is the only intergov-
ernmental programme of the UN system devoted to water
research, water resources management, and education and
capacity building. Since its inception in 1975, IHP has evolved
from an internationally coordinated hydrological research
programme into an encompassing, holistic programme to
facilitate education and capacity building and enhance water
resources management and governance (quoted from IHP
web site). She explained six themes in the eighth phase of (% P Blanca Jiménez-

IHP (IHP-VIIL, 2014-2021), the "UNESCO Water Family," which includes ICHARM and
supports IHP activities, and the relationship between SDGs and IHP.

<60">

Prof. Szollosi-Nagy delivered a lecture, "The State of
Global Water Resources and Nine Risk(y) Challenges for
ICHARM to Consider." Showing various statistics and
graphs, he explained "Looming Water Crises", which are
caused by many reasons, such as climate change, increas-
ing water demand above the population growth rate,
etc., and emphasized nine challenges that should be ad-
dressed to solve the situation. He concluded his lecture
by sharing a famous quote by John. F. Kennedy, the 35th
President of the USA: "Anybody who can solve the prob-
lems of water will be worthy of two Nobel Prizes — one for peace and one for sci-
ence."

(60™ Prof. Andras Széll&si-Nagy
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Group photo with audience (15" Feb.)

Special Topics

ICHARM T, KAEEDHFICRET
BHEANDEMREZIBNNL. =5
DHFPHEZBE L. HiET S
4~ L TICHARM R&D Seminar
(ICHARM WRZERER = +—) 1 %5
HELTWET, TDIFEEDERDK
S5 59,6061 B+ = +—% FE
LELIEOT HMEBETRELE T,

<% 59 [5]>

BRI H D ICHARM £ 3 @& =
BERRBICEEE LTTHEWL
fef2U e, Blanca Jiménez-Cisneros
KZ=#EME LTHBELE L

Jiménez-Cisneros Ech 5 1&. 7KIC
BT B3 - KERIRIAV L -
HEPANMBERICEY BB 0O
IS LELTIXRAN 1975 FIT
I LT IHP OB ER U Z D&
DE Y FBIHFRRFICDODWNT., THEE
WefeEx Lz, EFMGERBTEL
C. IHP @ 8 #A &t B (2014-2021)
ELTRITHRD 6 DDT—DEE
& IHP % 32 X % "UNESCO Water
Family” (ICHARM £ZD—&7TY).
B U SDGs (3 alee R B1Z)
& IHP DD Y HEICDWNWT TR
JBEEX L

<E 60 [E>

Jiménez-Cisneros 5 & R L <.
ICHARM %5 3 ELiEERERREICE
B& LTTHEWZW e, Andras
SzollGsi-Nagy K& z8Em & L T H 1B
ELF L, BETIE. [UIREHD
AR %Z £ 2KFEDEMIC
&% TLooming Water Crises (AU
FZKEH) | ITOWT LG T—
ARTZTEAVTTHRAESE. Z
NEFERT ZTcHD 9 DDFFREICD
WgsRETNE LTz, £ LTREIC
I&. John. F. Kennedy 77 X 1) /7 35
KRAMBEITK S TAnybody who can
solve the problems of water will be
worthy of two Nobel Prizes -one for
peace and one for science.] DEE
THED<<BNE LT

5 ICHARM Newsletter Volume 13 No. 1 « April 2018



Special Topics
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security/hydrology
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http://www.unic.or.jp/
activities/economic_social_
development/sustainable_
development/2030agenda/

- TransformationFirst.Asia Pte Ltd:
https://transformationfirst.asia/

<61%>

Dr. Wouter T. Lincklaen Arriens was the speaker of the 61st
ICHARM R&D seminar. He is an expert instructor specialized
in training for the development of leadership capabilities
based on his long-term experience that he acquired while
working at the Asian Development Bank for over 20 years.
He has also been providing training for people around the
world to further improve communication skills and manage-
ment skills.

(61" Couch Wouter

In this seminar, his presentation consisted of three themes:
1. Become a T-shaped Professional; 2. Boost Your Influencing Skills; and 3. Lead
Yourself in 3 Worlds. Explaining the first theme, Dr. Wouter stressed the importance
and the difference of two elements, “Organizing” and “Leading” for further “Un-
derstanding” to be an effective professional. He pointed out that “Organizing” and
“Leading” are two separate skills like right and left arms, and that effective profes-
sionals should have a good command of them to carry out a project successfully. In
addition, He advised the participants to always seek for a deeper “Understanding”
of factors involved. Concerning the second theme, he introduced a unique concept
to communicate ideas to people involved, for example, in a project. His advice was
to be conscious of “seven colors” to categorize the people according to the way
they speak and behave, what they talk about, etc. and employ a suitable approach
to a different group of people for better communication. As for the third theme,
he spoke about the three types of worlds: “Alignment-Personal World,” “Direction-
Observed World” and “Commitment-Social World.” Each world refers to a different
aspect of oneself, and he emphasized the importance of self-transformation in each
world, proposing concrete actions to take for the purpose.

Group photo with audience (10" Apr.)

Prior to the R&D seminar, Dr. Wouter conducted “Leadership Training -~Work in all
Colors” on April 9 for nine researchers of ICHARM, instructing how to act and speak
as leader, how to create a sense of teamwork, and how to coach staff members,
of "seven colors".

Leadership training at ICHARM by Coach Wouter

ICHARM will continue holding R&D seminars at various occasions to further
strengthen expertise of researchers.

< Related information >

- International Hydrological Programme (IHP):
https://en.unesco.org/themes/water-security/hydrology
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- Sustainable Development Goals (SDGs):
http://www.un.org/sustainabledevelopment/
- TransformationFirst.Asia Pte Ltd: https://transformationfirst.asia/

(Written by Daisuke Kuribayashi)

B Research

Special Topics / Research

Introduction of ICHARM researchiprojects [ i cin

ICHARM sets three principal areas of activity: research, capacity building, and information
network. It plans and implements projects in these areas in order to fulfill its mission, always
keeping in mind “localism”, a principle with which we respect local diversity of natural, social
and cultural conditions, being sensitive to local needs, priorities, development stage, etc.,
within the context of global and regional experiences and trends of disasters.

At present, ICHARM conducts innovative research in the following five major areas:

(1) Data collection, storage, sharing, and statistics on water related disasters

(2) Risk assessment on water related disasters

(3) Monitoring and prediction of changes in water related disaster risk

(4)Proposal, evaluation and application of policy ideas for water related disaster risk re-
duction

(5) Support in constructing the applicability of water-related disaster management

This issue introduces four studies as listed below:

Yousuke Nakamura, Exchange researcher
RRI-model simulation of a flash flood in the Kagetsu River due to the northern Kyushu
heavy rain in July 2017

Akira Hasegawa, Former Research specialist
Meteorological drought assessment of climate projections with different GHG scenarios in
the end of 21" century

Yoshito Kikumori, Senior researcher
Development of Learning Support Materials for Hydrology and Hydraulics using Com-
monMP

Hitoshi Umino, Senior researcher
Estimation of flood damage in the upper Citarum River basin, Indonesia
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RRI-model simulation of a flash flood in the Kagetsu River due to the

northern Kyushu heavy rain in July 2017

Pk 29 4 7 H M IEERSE R TOMEN])INC BT % RRI ETILZ WV

ol ¥

Yousuke Nakamura, Exchange researcher
HR B REE

In recent years, flood damage caused by heavy rain in mountainous rivers has
been frequently reported in Japan. In order to ensure a sufficient lead time for safe
evacuation, it is necessary to predict river water levels in real time by utilizing a hy-
drological model.

In this study, we conducted simulation of the July 2017 flash flood in the Kagetsu
River basin (136.1 km’, Fig. 1) by utilizing the RRI model and rainfall forecasted for
the next 6 hours, and showed the effectiveness of flood prediction in disaster man-
agement by evaluating the lead time for evacuation.
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Fig. 2 shows the water levels pre-
dicted for the next 6 hours at
30-minute intervals during the flood.
In this case, data assimilation to
the observed water levels was not
conducted. Forecasted water levels
No.l (forecasted at 10:30) to No.4
(at 12:00) show a slight increase,
but these water levels are underesti-
mated, compared with the observed
water levels (indicated by "A" in Fig.
2). In addition, forecasted water lev-
els No.5 (at 12:30) to No.11 (at 15:30)
sharply rise for the next 2-3 hours

but thereafter decline. It was the re-
sult that the peak water level could
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Fig. 1 Location map of the Kagetsu River basin
in the Kyushu region
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be reproduced after the forecasted water levels No.12 (at 16:00). This is because
the forecasted rainfall have been accurately reproduced as approaching the peak
as shown Fig. 3 which is to be described later.
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Fig. 2 Forecasted water levels by the RRI model every 30 minutes for the next 6 hours at the Kagetsu Station
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Fig. 3 shows the predicted precipitation for the next 6 hours and the forecasted
water levels by the RRI model at 15:00 and 16:00 on 5 July 2017. At 15:00, the RRI

model made the earliest prediction
Warning Level 3 (water level to start

suggesting that the water level may reach
evacuation). At the time, the water level was

predicted was able to be accurately reproduced for the next 2 hours. However, after
that, the water level was predicted shows a downtrend, which is finally below the
Warning Level 1. This is due to the underestimation of the forecasted rainfall after
2 hours, it was about 50 mm/hr smaller at the actual peak. At 16:00, only an hour
later, the actual water level had already exceeded Warning Level 2, and the simula-
tion forecasted that the water level may even exceed Warning Level 4 in the next 3
hours. Since it was around 18:00 that the actual water level reached Warning Level 4,
a lead time of about 2 hours would have been ensured for the evacuation of local
residents if they had started evacuation at 16:00.

In this study, we conducted real time simulation using the RRI model to find out the

« April 2018

length of lead time local residents could have had for safe evacuation in the flood
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event in the Kagetsu River due to the northern Kyushu heavy rain in July 2017. The
simulation confirmed that a lead time of at least about 2 hours could have been
ensured for safe evacuation, and the results stress the importance of real-time
flood forecasting in water disaster prevention.
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Fig. 3 Predicted rainfall and forecasted water levels by the RRI model at 15:00 (left) and 16:00 (right) on 5 July 2017
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Meteorological drought assessment of climate projections with different
GHG scenarios in the end of 21* century

R B BMRA AP F VU AT KB 21 IR SURFEEROD G AIE KR D
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—
Akira Hasegawa, Former Research specialist
B 18 s Mmize 8

We proposed a new approach developed from the Standardized Precipitation Index
(SPI) to evaluate change in climatic conditions at the reference period as the com-
parative SPI (cSPI) ™. The SPI is one of the most commonly adopted standardized
drought indices to monitor and predict meteorological droughts with only long-
term precipitation ®*. Since the regular SPI range of interannual variation occurs
between -1 and +1 with the median of SPI=0, the SPI value describes both drier
and wetter climatic conditions by SPI<-1 and SPI>+1, respectively. Utilizing SPI
case makes it easier to compare the severity of meteorological droughts across
various locations due to the standardization: moderate drought with the SPI values
below -1, severe drought with SPI<-1.5, and extreme drought with SPI<-2. There-
fore, the comparative approach is a flexible tool to evaluate present and future cli-
mate projections at various locations in selected areas as well as globally ®°.

The cSPI values were computed for 12-month timescale at the end of 21st century
climate projections with 4 types of greenhouse gas (GHG) Representative Concen-
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References:

tration Pathways (RCPs) scenarios on the
basis of the present climate projections of
MRI-AGCM3.2H, which is an Atmospheric
General Circulation Model with 60-km grid
developed by the Japanese Meteorological
Research Institute. The 4 GHG concentra-
tion trajectories are adopted for IPCC 5th
Assessment Report, named as RCP2.6,
RCP4.5, RCP6.0, and RCP8.5 depending
on the mitigation measures. The number
in each name is after a possible range of
radiative forcing values in the year 2100
relative to pre-industrial values in W/m?,
respectively. RCP2.6 is assumed 2K global
warming from the pre-industrial levels
with implemented mitigation plans of GHG
emissions, while RCP8.5 is a business-as-
usual scenario without any mitigations.

Figure 1 demonstrates the shift of the cSPI
median of future climate projections on the
basis of the present climate for RCP8.5, 6.0,
4.5 and 2.6 from top to bottom. The me-
dian shift indicates how severe the normal
condition of future climates is compared
to the dryness and wetness criteria in the
present climate. As a result, a larger shift
of the comparative SPI median is observed
in both dry and wet conditions for less
mitigation of GHG emission due to larger
global warming RCPs (Figure 1). For these
RCPs, more frequent drought and flood
are expected in future climates demanding
robust adaptation plans to minimize water-
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Figure 1. Median values of the comparative SPI (cSPI)
computed over inland on 12-month timescale with MRI-
AGCM3.2H outputs of 2075-2099 future climate for
4 Representative Concentration Pathways (RCP) such
as RCP2.6, 4.5, 6.0 and 8.5 on the basis of the present
climate 1979-2003 projection. Low accuracy of the

cSPI computation is indicated by the dark gray color.
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related disasters in these regions. In addition, this result indicates the importance
of reducing GHG emission globally and was placed in the results collection of the
Program for Risk Information on Climate Change (FY 2012-2017) . Therefore, the
comparative approach allows us to improve the meteorological drought assess-
ment, especially for huge ensemble data of future climate projections, and will be

further advanced in the future studies
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Development of Learning Support Materials for Hydrology and Hydraulics
using CommonMP
CommonMP %z W\ 7z/K 3 -

sl NN Yo

Yoshito Kikumori, Senior researcher
iRk BT BAETER

The Common Modeling Platform for water-material circulation analysis (Com-
monMP)  is a platform for calculation modulus (element models) to simulate wa-
ter and material circulation in a river basin by using multiple element models, each
capable of reproducing the various processes of basin-level water and material
transfer. Researchers and experts from various fields related to water and material
circulation have been cooperatively improving the platform by providing element
models created based on their respective expertise to be incorporated into this
platform, so that a better simulation environment will be developed for analyzing
water and material circulation in a river basin. The improvement of a simulation en-
vironment through collective efforts is one of the key objectives of this project.

The CommonMP Development Project started in 2007, led by the National Institute
for Land and Infrastructure Management (NILIM). I was with NILIM at that time and
involved in the project from the beginning. In 2016, I was transferred to ICHARM
but am still part of the project as a member of the CommonMP Promotion Com-
mittee and the Technical Subcommittee, mainly helping enhance the applicabil-
ity and user-friendliness of CommonMP and promote its dissemination, as well as
giving advice for improving its main unit. In this article, I will introduce part of my
recent work on the development of learning support materials for hydrology and
hydraulics using CommonMP.

Training is one of the three pillars of ICHARM's activities besides research and
networking, and CommonMP can contribute significantly to this aspect. I have de-
veloped learning support materials to help beginner learners understand the be-
haviors and principles of hydrologic and hydraulic models incorporated into Com-
monMP. The materials are prepared for learners to learn: (1) the influence of hill
slope shapes on runoff characteristics (kinematic wave model); (2) the difference
in characteristics of flood wave propagation in the open-channel unsteady flow
among different governing equations (kinematic wave, diffusion wave and dynamic
wave); and (3) the relationship between the longitudinal distribution of cross-
sectional channel shapes and the longitudinal water surface level (one dimensional
non-uniform flow model). With the support materials, learners are able to study
such hydrologic and hydraulic phenomena by executing simulation projects on
CommonMP. For example, they can learn the influence of cross-sectional channel
shapes on longitudinal water-level distribution by editing the channel shape inter-
actively, which helps learners understand the behaviors and principals of hydrologic
and hydraulic models intuitively. We are planning to release the materials for gen-
eral users soon.
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To understand the difference in rainfall runoff process
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ICHARM invites trainees from all over the world to attend training courses, some
of which require them to build simulation models of the river basins of their own
country by themselves. The simulation models they build make a valuable dataset
to enhance CommonMP's simulation project, if stored and managed properly in a
form suitable to CommonMP. Then it will be possible for everyone to execute sim-
ulation projects relatively freely and learn a lot about different basins of the world.
The next step should be to establish a system for proper management of the valu-
able dataset in an effort to promote a wider use of CommonMP.

1) http://framework.nilim.go.jp/en/index.html
2) http://framework.nilim.go.jp/

Estimation of flood damage in the upper Citarum River basin, Indonesia
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Hitoshi Umino, Senior researcher
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Appropriate grasping and as- 7
sessment of flood damage [f==25
that occurred in the past is ex- —
tremely important in promot-
ing future river improvement
projects. In Indonesia, the Na-
tional Disaster Management
Agency was established in
2008, and they are striving to
accumulate disaster informa-
tion including flood damage.
I introduce the accumulation
of damage data in the Upper
Citarum River Basin as an ex-
ample. In addition, I propose estimation method of flood damage utilizing the unit
flood damage.
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Fig-1 Citarum and adjacent river basin”

The Citarum River, with a catchment area of 6,617 km” is pouring into the Java Sea
from Bandung Regency, West Java Province (Figure 1). In the Citarum, flood fre-
quently occurs upstream of the narrowed part of the eastern end of the Bandung
Basin. According to the National Disaster Management Agency database DIBI, four
events of flood damage have been reported only in March 2016. However, the
damage amount has not been estimated. On the other hand, flood countermeasure
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survey was conducted by JICA in 2010 in this area, and the unit price of damage
such as houses, offices, agricultural crops etc. was presented (Table 1).

I propose three cases of future data development and consider the estimation of
damage amount utilizing the existing unit price of damage.

(Case 1) About flooding in the future, inundation area and inundation depth will be
identified. Also sample survey of affected houses will be conducted to accumulate
data on building damage rates. Furthermore, regarding the crops, the relationship
between flooding depth, flooding period and damage rate will be investigated.

(Case 2) In addition to Case 1 correspondence, sample survey of home and office
will be conducted and cost of emergency measures will be taken.

(Case 3) In addition to Case 2 correspondence, accumulate the damage amount of
public civil engineering facilities and utilities.

Table 2 summarizes the damage items that can be grasped when the above cor-
respondence is taken. Here, we refer to the composition of Kinugawa River flood
damage amount in Joso City, Ibaraki Prefecture in Japan, September 2015 (Figure 2).
Of the flood damage amount of Joso City, the proportion of damaged amount of
general assets etc. is very high as 95%, so that grasp of damage of general assets
etc. is the key to grasping the whole flood damage. Although the conditions differ
between Kinugawa River and Citarum River, if it is taken Case 1 in the Citarum River,
it is expected that many flood damage can be estimated.

Here I proposed the estimation of flood damage for the upper Citarum River basin
in Indonesia. In the future, I will conduct a sample survey of affected houses, accu-
mulate data on the building damage rate according to the depth of flooding, and I
would like to estimate the flood damage amount.

Table-1 Unit flood damage in upper Citarum Basin®

Research

ga-o

(r—2Z1) SBOHKITOWVWTE
KR ZAKREEFELET T, T
WARBOY >V TIVGAEEITL. B
MWERODT—2EERLET, &
5T, BEYIICDOWT., BKE &
KEAR S WEXREDOBEREZRIELE
(r—2R2) 57— 1O™BITMNZ.
RELBEFROY > 7IVRAE%R R
L. B2 EEZHIELET,
(r—2R3) 57— 2OWISICHNZ .
NEITARMRE NRBEOWHELELE
fEHETET,

KU EDWISEE - 235 EIIBIET
THOWEERER2ICKESHFTL
fCo ZZ AN 2015&9%@%&,\
DHAKIC K BTIHE %‘ﬁ&l"ﬁﬂ)?kg*ﬁ
EBEOERESRLET (K-2),
BRMOKEHREBRDOS> B, —KE
EEWEBOEEIL95% LIEREIC
B —REESHEDIREI K
WEDLBLEEOHATFEREVET,
BERINEFZIVLNTIEEHFIEER
56500, RIS, FRIVLIITT—
A1 O %E E>EBE. HKE
EDZHHIRTES LHFINK
j-o

SlE AV KRV TEDF R
}[/L\ ||J:/}Il,%+j‘%(‘: Lfe. HKE=E
DEEFHIDOWLWTRELE L. 5%
IS IERBDY > TIVFAEEITL.
BICGRITIS CTeBYmERD T — 42
HEEHEDD A, HkwEEEAEL
fEWEEZET,

Table-2 Grasped damage items

Damage price Damage category Case 1 Case 2 Case 3
Evaluation Item per unit” House damage ; o O O
5 Damage to household items @] @] 0
[10°Rp] Damage to office assets O O 0O
Building price per one house 75 Damase Damage to assets of farmers 0 o o
Domestic properties per household 38 to € and fishermen
Building price per one office 1,605 general Damage of business stops at o o o
Depreciable assets per one office 6,420 assets offices
Inventory per one office 1,003 etc. Cost of emergency _ o o
Employee leave compensation for one workplace per day 30 measures at home
Building price per one public facilities 100 Cost of emergency — e) 0]
Depreciable assets per one public facilities 50 measures at office
Damage for agricultural crops per one ha. 8 Damage to[:)aﬁiev:;rlfsr?‘zzilities 9 C_) 8
*proice in 2010 1USD=9,017Rp. Damage to utilitios — — o)

1JPY=99.20Rp.

m Damage to general
assets etc.

m Damage to public
works facilities

Damage to utilities

Fig-2 Construction of flood damage amountin Joso City”

1) Gov. of Indonesia: Rencana Pengelolaan Sumber Daya Air Wilayah Sungai Citarum. pp.4, 2016
2) MLIT Statistics of Flood Damages in 2015

3) JICA: The Preparatory Survey for Upper Citarum Basin Tributaries Flood Management Project in Indonesia, Appendix 7-1, pp.1-6, 2010
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Field Survey

% Field Survey

Second EieldiSurveylinithe Sittaung River of Myanmar to Investigate: Riverbankiand

CoastallErosion /552 al S =7 |57 /| B s
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ICHARM has been conducting a preliminary study on sediment transport issues
such as bank erosion, sand bar behaviors, etc. in the estuary of the Sittaung River of
Myanmar. In this context, ICHARM conducted the second field survey to investigate
riverbank and coastal erosion on February 16-18, 2018, in collaboration with the
University of Tokyo and
the Directorate of Water
Resources and Improve-
ment of River Systems L
(DWIR) of Myanmar. The
first field survey was con-
ducted on October 29-30,
2017. A team of ICHARM ! - Measurements of flow
researchers, comprised velocity, flow depth and

shape |
of Research and Training AT
Advisor Shinji Egashira, = R
Senior Researcher Atsuhi-
ro Yorozuya, Senior Re-
searcher Badri Shrestha, o
Research Specialist o i
Youngjoo Kwak, and Re-
searcher Hiroshi Koseki
(Hydraulic Engineering
Research Group, PWRI),
joined this second field
survey.

| [1% Day (16 Feb)]

I - Observation of tidal

I bores, tidal currents and
! bank erosion

[2"d and 3 Days (17 and
18 Feb)]
- Collection of bed and
bank materials

' \‘Madauk Bridge
3 ;
\

nd and
rd Days

W N

I
[
]
|
1
1
1
1

-
p LAl

~

Sittaung Bridge

% “Kyaikto

Naypyiaw
sgeSeos

Fig. 1 Field survey area conducted in February 2018

The main objectives of the second survey were to investigate the situation of the
bank area exposed to tidal bores and currents as well as to survey bed and bank
materials and flow conditions in the reach of the Sittaung River. On the first day, the
team observed tidal bores, tidal currents and bank erosion near Mamauk village (Fig.
2). The observation in Mamauk confirmed that a bank erosion of about 10m can
take place in one tidal event and that tidal currents play an important role in bank
erosion. On the second and third days, field surveys were conducted to collect bed
and bank materials and to measure flow velocity, flow discharge and cross sectional
shape using an Acoustic Doppler Current Profiler (ADCP) in the river section be-
tween Sittaung Bridge and Madauk Bridge (Fig. 3). Forty-nine sediment samples (44
sediment samples from the river bed and 5 samples from the bank) were collected
for analysis of grain size and material properties. Inspection of tidal bores and cur-
rents is helpful to develop a numerical model, and bed material survey in the reach
is indispensable to specify sediment supply conditions at the upper boundary of
our target region. The findings of the field survey will be useful for numerical analy-
ses of flood and tidal currents, sandbar behavior, and bank erosion process.

On February 19, the ICHARM research team had a meeting with DWIR in Yangon,
reporting field survey activities, preliminary results obtained by the research activi-
ties from October 2017, and explaining a future research plan with a draft sched-
ule. In the meeting, a bed material sampling tool used during the field survey was
presented to DWIR by ICHARM. The photos in Fig. 4 show the participants in the
meeting with DWIR and the hand-over of the tool to DWIR. DWIR appreciated ICH-
ARM for the research activities on sediment erosion and deposition in the estuary
of the Sittaung River and the field surveys. DWIR agreed to provide ICHARM with
data required for further study, such as water levels.
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Field Survey / Information Networking

Bank Erosion

Fig. 4 Group photo of the meeting with DWIR on 19 February (left)
and hand over of bed material sampling tool to DWIR (right)

(Written by Badri Bhakta Shrestha)

B Information Networking

The 50" Annual Session|of Iyphoon Committee in Hanoi /5752 (6550 nfa 2

INJA

= (10 %50 B R UKINR3
3, 2018, in Hanoi, Vietnam. About 150 participants gathered (TEéO)) ?;sﬁ{f;n%s g)i]&ﬁg

from 13 nations and territories (Japan, the United States, Korea, | 13 (B, XE. 8#E. FE. &5,

Jiscarwmo - China, Hong Kong, Singapore, Macau, Malaysia, the Philippines, ;zﬁ’z‘;”’/\igi 7;}_\:/57;_
o V|§atnam, TI';alland, Laos, and Cfa\mbodla) and two |.nternat|onal 2L AVRIT) & 2 OOEEALE
organizations (WMO*", ESCAP*). ICHARM sent Chief Researcher Yoshio Tokunaga | (WMO. ESCAP) 5% 150 &H°
and Senior Researcher Takafumi Shinya to join Professor Yuichi Ono of IRIDeS* of | ML & Lfe, BAMNSERRT,
Tohoku University and other experts from the Japan Meteorological Agency and BB, RALK RiDes 137

.- . . L | M—EE. T LTICHARM 5 1
the Ministry of Land, Infrastructure, Transport and Tourism of Japan. Mr. Hideomi | x L Emizra. wRIAHMEELS

The 50th Annual Sessionof the Typhoon Committee (TC) and | 2018 2 3 25 H ~ 3E 3 B,
‘,’ the Technical Conference were held from February 25 to March | bFL N/ AW CERZER
1968-2018
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Oi, who now works for Tsukuba City in Ibaraki Prefecture, AR Rl =0 TN T

Japan, to promote international exchange, was also with
them. He was invited by TC's Working Group of Hydrol-
ogy (WGH) to participate in "Old Friends Sharing," a talk 3 M
session held to celebrate TC's 50th meeting, as one of
those who made a significant contribution to TC in the
past.

18

The annual session consisted of technical reports by ex- Mr. Tokunaga reported the WGH
perts and presentations on activities and budget plans vy

by the Working Groups of Meteorology, Hydrology and
Disaster Risk Reduction, as well as discussions on TC's
management issues. All these were compiled in the final
report presented on the last day of the session and ap-
proved by the participants. They also took a tour to the
National Centre for Hydro-Meteorological Forecasting of
Vietnam.

- Y

Among the outcomes of the session, the following are ™\ " "o\ friends sharing

particularly related to ICHARM:

1.The session approved the action and budget plans for a joint project, Flash Flood
Risk Information for Local Resilience, led by WGH in collaboration with ICHARM
and the Ministry of Land, Infrastructure, Transport and Tourism of Japan.

2. Improvement of the election system for the chairperson of each working group
was discussed with member countries. The session agreed to introduce new rules
which will allow each working group to adopt a co-chair system instead of the
current chair and vice-chair system

3. The session agreed that WGH will hold the 7th meeting in Japan. The member
countries and the TC secretariat discussed the meeting date, venue, schedule and
other details.

In the coming months, TC plans to hold the Steering Committee and the Working
Group of Disaster Risk Reduction in Ulsan, Korea, in May, the 7th meeting of WGH
in Japan in September or October, the 13th Integrated Workshop in Chiang Mai,
Thailand, on November 5-8, and the 51st Annual Session in China around February
20109.

g

ST s

Group photo of TC 50 participants

*1 WMO: World Meteorological Organization
*2 ESCAP: United Nations Economic and Social Commission for Asia and the Pacific
*3 IRIDeS: International Research Institute for Disaster Science

(Written by Takafumi Shinya)
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Meeting|withithe Philippine organization and fieldisurvey /7 DIE IR HE D=

cHIigIE

On March 10-13, 2018,
ICHARM held a research
meeting and conducted
field investigation on flood
risk assessment with local
researchers of the Univer-
sity of the Philippines Los
Banos (UPLB) to further
promote an ongoing pro-
ject led by the International
Flood Initiative (IFI) in the
Philippines. A team of five -
ICHARM researchers led by
Director Toshio Koike visited the study site in the Philippines with Professor Koki
Honma*' and Associate Professor Muneta Yokomatsu**. Professor Felino P. Lansi-
gan, Associate Professor Patricia Ann J. Sanchez, and Researcher Virgilio T. Villanci,
Research Associate Ms. Jessa O. Aquino, Research Associate Ms. Catherine B. Gi-
gantone and Ms. Heidi Mendoza attended from UPLB.

Investigation team at UPLB

The field investigation was conducted on the 12th in a flood-prone area that is part
of the Candaba Swamp located in the Pampanga River basin. Interviews were car-
ried out by asking local residents questions about past flood damage and the area’s
current agricultural practice. The research meeting was held on the following day,
in which the Japanese researchers explained research on a flood risk assessment
approach coupled with various models of flood inundation analysis, crop growth,
and local economy, while the UPLB researchers provided the Japanese counterparts
with information on Water Center, UPLB's new research center completed in De-
cember 2017, and research projects presently in progress.

The investigation team also had meetings with several agencies of the Philippine
and local governments, including the Department of Public Works and Highways
(DPWH), the Philippine Atmospheric Geophysical and Astronomical Services Ad-
ministration (PAGASA), the National Economic and Development Authority (NEDA),
the Philippine Statistics Authority (PSA), and Calumpit municipality of Bulacan
Province in the Pampanga River basin, to share information on ongoing activities at
municipal and national levels and exchange views and ideas in general.

ICHARM will continue conducting research on the development of a water-related
disaster damage assessment model in close cooperation with UPLB and other local
and national agencies.

Y \ &
Interview with residents near the Candaba Swamp

Meeting with Mr. Emil K. Sadain (second from left)
at DPWH

*1 Professor Koki Honma, Graduate School of Agricultural Science, Tohoku University
*2 Associate Professor Muneta Yokomatsu, Disaster Prevention Research Institute, Kyoto University

(Written by Miho Ohara)
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Meeting at Calumpit Municipality
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Participation in|the 8" World Water' Eorum/ 55 8 sl {0 — S8 N 0) i
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The World Water Forum (WWF) is con-
vened every three years by the World &
Water Council (WWC), an international
NGO. It is one of the largest interna-
tional events in which experts in water-
related fields gather from all over the
world and discuss and exhibit global
water issues to find solutions. WWF is
composed mainly of a forum in which
anyone can participate, a ministerial
conference attended by governmental organizations, and an exhibition on water is-
sues.

Opening ceremony of WWF8

WWEF has been held seven times since the first forum in Marrakesh, Morocco, and
the latest one, WWFS8, took place in Brasilia, Brazil, on March 17-23, 2018.

WWES8 started with the opening ceremony on the morning of March 19 with the
presence of 14 heads of state, including Brazilian President Michel Temer and His
Imperial Highness the Crown Prince of Japan. The forum offered more than 300
sessions in total before it ended with the closing ceremony on March 23. Under the
over-arching theme of “Sharing Water,” over 120,000 attendees gathered from 172
countries.

From ICHARM, Director Toshio Koike and Chief Researcher Tetsuya Ikeda partici-
pated, giving presentations at special sessions and exchanging views and opinions
with other participants. The following reports some of their activities at the forum.

(1) Special session “High-level panel: Water and Disasters”

On the afternoon of March 19, a special session, :

. . to bring about
“High-Level panel: Water and Disasters,” was held oy, peace
by the High Level Experts and Leaders Panel on ‘happiness
Water and Disasters (HELP). Dr, Han Seung-soo, the it
chairman of HELP, chaired this session. H.LH. the
Crown Prince of Japan gave a keynote lecture titled
"Water to bring about prosperity, peace and hap-
piness.” In this lecture, he introduced knowledge
and experience in historical water management in
Japan and the significant effect of the Cerrado rec- i«
lamation in Brazil. He emphasized the necessity to
take “water action” to help build prosperity, peace
and happiness for people by learning from good *
practices and experiences resulting from endless
efforts and ingenuity by many generations of peo-

ple.

High-level decision makers of the world also spoke
at this session, conveying very strong messages: the speeches included the special
invited addresses by His Excellency Mr. Janos Ader, the president of Hungary, and
His Excellency U Ohn Win, the minister of the Natural Resources and Environmen-
tal Conservation of Myanmar. In the end, the session agreed on global actions on
water and disasters, including “Alliance of Alliances on Disaster Risk Reduction Re-
searches,” proposed by Director Koike.

i

Keynote lecture by H.IH. the Crown Prince of
Japan

Presentation by Director Koike
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(2) Activities on the Asia Pacific Regional Process

Having hosted a session at the 3rd Asia-Pacific Water Summit (3rd APWS) last De-
cember as one of the Asia Pacific Regional Process meetings, ICHARM also partici-
pated proactively in Asia Pacific Regional Process meetings held during WWF8.

On the morning of March 20, a session of the Asia Pacific Regional Process, “Climate
change, disasters and water related adaptation in the Asia Pacific,” was held. Chief
Researcher Ikeda delivered a presentation on “Climate change impact assessment
on water and disasters — Case studies of Asian river basins,” providing the outputs
of research projects and other activities that ICHARM has implemented to support
the establishment of the Platform on Water and Disasters under the IFI framework,
in which the audience showed particularly strong interest.

On the afternoon of March 21, Director
Koike joined another session of the Asia Pa-
cific Regional Process Synthesis Session on
“Upscale innovation for a water-secure Asia
and the Pacific” and discussed as a panelist 3
how to implement the "Yangon Declaration,”
adopted at the 3rd APWS. The panelists in- S8
troduced the changes across the vast Asia g
Pacific region and in each sub-region, and
then discussed possible planning and im-
plementation under the insufficient data, approaches to the disparities in economy
and urban size, and solutions for unexpected results associated with application of
new technologies. The panel emphasized the importance of dialogue for promot-
ing integrated approaches and knowledge sharing.

Presentation by Chief Researcher Ikeda

(3) Special session “From 7th to the 8th World Water Forum: Three years
of Implementation Roadmap”

On the afternoon of March 21, a special session, “From 7th to the 8th World Water
Forum: Three years of Implementation Roadmap,” was held. ICHARM played an
especially important role as “Champion” (the principal coordinator) for the theme
session entitled "Adapting to Change: Monitoring risk and uncertainty for resilience
and disaster preparedness,” which was one of the main thematic processes at the
7th World Water Forum (WWF7). ICHARM contributed a great deal to organizing
the session and wrapping up discussions successfully.

In this session, 15 Champions reported the overall progress in carrying out the Im-
plementation Roadmap during the three years from WWF7 in 2015 to WWF8 and
proposed policy recommendations for the High-Level Political Forum 2018, which
will be held July 2018. At the panel discussion, the future plans were discussed es-
pecially on concrete actions toward the 9th World Water Forum in 2021.

As a representative of ICHARM, Chief Researcher lkeda reported the activities of
ICHARM and the Core Group Members, and their endeavors were highly evaluated.
WWEF, a triennial global event, is an extremely significant opportunity for countries
to confirm the three-year progress in implementing globally-agreed actions and
promote further actions by reflecting opinions and ideas from participants.

The next World Water Forum (WWF9) will meet in Dakar, Senegal, in 2021 under
the theme of “Water Security,” returning to the African continent, where the forum
took place for the first time in Morocco in 1997. ICHARM will positively participate
in the WWF9 process. By doing so, it is hoping to share the outputs of its activities
with many other countries and organizations and contribute more to the worldwide
reduction of water-related disaster damage.

Information Networking
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For further information on WWEFS8, visit the following sites at:
World Water Council: http://www.worldwatercouncil.org/
8th World Water Forum: http://www.worldwaterforum8.org/

(Written by Tetsuya lkeda)
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The International Flood Initiative (IFI) is a worldwide frame-

FLOOD yvork to-promote cc?llat?oration in flood management among

INITIATIVE international organizations such as UNESCO, the World Me-

teorological Organization (WMO), the United Nations Uni-

versity (UNU) and the United Nations International Strategy for Disaster Reduction
(UNISDR). ICHARM has been its secretariat since the establishment of IFL

INTERNATIONAL

In October 2016, the Jakarta Statement towards an interdisciplinary and transdis-
ciplinary partnership to consolidate flood risk reduction and sustainable develop-
ment, was adopted by the member organizations of IFL. As part of this effort, the
Philippines, Sri Lanka, Pakistan and Myanmar have already decided to establish a
Platform on Water and Disaster involving various government agencies, and ICH-
ARM has been supporting their decision as facilitator.

This article reports the activities on Indonesia, the Philippines and Sri Lanka.

Establishment of IFl Platform in Indonesia and discussion on “TOUGOU" Research
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ICHARM research team visited government agencies of Indonesia on January 15-
18 to explain the details of the Integrated Research Program for Advancing Climate
Models (TOUGOU), launched in 2017 by the Japanese government, and discuss the
concept and coordination system of the platform on water and disaster, which is a
disaster risk reduction project led by the International Flood Initiative (IFI).

The TOUGOU project, planned on the achievements of the Program for Risk Infor-
mation on Climate Change (SOUSEI), conducted from 2012 to 2016, is a five-year
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research project from 2017 to 2021 funded by the Ministry of Education, Culture,
Sports, Science and Technology of Japan. It studies climate change-induced haz-
ards and other related issues and aims to assist effective adaptation measures by
providing the research outcomes acquired by using advanced climate models.

In this project, ICHARM is assigned to conduct water-related disaster risk analysis
for a river basin in Java Island of Indonesia. We will also analyze the needs and ca-
pacity of the study area for planning adaptation measures and provide assistance in
the implementation of planned measures. Through all these tasks, we are expected
to develop a prototype for implementing adaptation measures in a specific river
basin.

The visit to Indonesia this time was to initiate discussions regarding the tasks with
its government agencies from the early stage of the project. Their early involve-
ment will help the process of building consensus on the selection of a target river
basin and facilitate the sense of ownership of the project among local engineers.

Such participation of local engineers in the TOUGOU project can be a good experi-
ence when they have to lead the development of a platform on water and disaster,
promoted by IFL In this context, our team encouraged different agencies, including
PUPR*" in charge of river management, BMKG** and BNPB*’ to participate in the
TOUGOU project and strengthen inter-organizational coordination.

In this visit, our team received positive responses from all agencies we visited to
ICHARM's proposal on the TOUGOU project and the plan of the platform on water
and disaster. They agreed to continue communicating closely with one another for
successful implementation of the projects.

Based on the agreement made with the local agencies through this visit, ICHARM
will continue striving for the establishment of a strong coordination system with
support from local experts of JICA. We will also work on the collection, organiza-
tion and sharing of data needed to carry out the TOUGOU project, analyze climate
change-induced risks, and plan adaptation measures in close cooperation with lo-
cal stakeholders, as well as facilitate more discussions towards the development of
the platform on water and disaster.

With Dr. Ir. M. Basoeki,
Minister of Ministry of Public Works and Housing (PUPR)

National Disaster Management Authority (BNPB)

Meteorological, Climatological,
and Geophysical Agency (BMKG)

*1 PUPR: Ministry of Public Works and Housing
*2 BMKG: Meteorological, Climatological, and Geophysical Agency
*3 BNPB: National Disaster Management Authority

(Written by Takafumi Shinya)
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Meeting with the core organizations of the IFl Platform,in the Philippines ./ 7 1 J E>/
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On February 7-9, 2018, Chief Researcher Yoshio Tokunaga and Researcher Mamoru
Miyamoto visited the Department of Public Works and Highways (DPWH) and the
Philippine Atmospheric, Geophysical and Astronomical Services Administration (PA-
GASA), the two core organizations of the International Flood Initiative (IFI) Platform
in the Philippines. Thanks to great help from JICA Expert Takafumi Nakui, they were
able to have a meeting with Undersecretary of DPWH Emil K. Sadain on February 7.
In the meeting with the undersecretary, who is also the co-chair of the IFI Platform,
the ICHARM researchers reported on the progress in the IFI Platform project with
recent activities, and together assigned an official to the focal point at DPWH for
further efforts in the project. After the meeting, they had a productive meeting with
the focal point at DPWH on the detailed schedule of future activities such as data
uploading and the next plenary meeting.

On the morning of February 8, a teleconference was held between Undersecretary
Sadain and other researchers of ICHARM including Director Toshio Koike, and they
discussed the direction of further contribution of IFI to the international network.
In the afternoon, Tokunaga and Miyamoto visited the office of PAGASA and had
discussions with PAGASA's officials including Administrator Vicnete B. Malano on
a wide variety of topics such as future plans of the IFI Platform, the introduction of
the TOUGOU Program, and a request for cooperation on the proposal of a new re-
search grant. On February 9, the two researchers met with Project Director Patrick B.
Gatan of DPWH and had talks on the specific activities of the IFI Platform and the
proposal of a new research grant.

The series of meetings with the Philippine counterparts were very productive and
beneficial in clarifying the institutional framework among the participating organi-
zations and specifying future activities of the IFI Platform in the Philippines. We are
hoping that all these efforts will further accelerate the Platform project through the
interagency cooperation.

Members of the meeting at DPWH Undersecretary’s office on February 7

DPWH: Department of Public Works and Highways
PAGASA: Philippine Atmospheric, Geophysical and Astronomical Services Administration

(Written by Mamoru Miyamoto)
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When a severe flood disaster occurred in Sri Lanka in late May 2017, the govern-
ment of Japan dispatched the Japan Disaster Relief (JDR) Expert Team to Sri Lanka
to assist in flood recovery efforts. ICHARM also supported the country by sending
its staff as one of the JDR experts.

Since ICHARM conducts research on climate and flood forecasting and inundation
analysis using satellite monitoring precipitation data and a rainfall-runoff model,
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it can contribute a great deal to support Sri Lanka’s effort. ICHARM is planning to
continue providing information useful for flood management in Sri Lanka based
on research outputs that it has achieved to date, and offer training and capacity
development programs for local experts to learn proper utilization of information
provided.

ICHARM has been participating in various projects in collaboration with other or-
ganizations. Among them are JAXA-led projects: Precipitation Measurement Mis-
sion (PMM) and Space Applications for Environmental (SAFE). Under these projects,
16 ground rain gauges were installed over the Kalu River basin from February 2014
until January 2018. ICHARM helps provide accurate real-time precipitation data by
combining ground observation rainfall data and satellite observation precipitation
data of GSMaP, and implement the capacity development for its utilization.

In addition, as the secretariat of the International Flood Initiative (IFI), ICHARM is
assisting countries suffering from serious flood disasters in establishing a platform
on water resilience and disasters in collaboration with flood management relevant
organizations in each country.

On August 24, 2017, as part of these supporting efforts, the “Plenary Session for
the Platform on Water and Disasters” was held in Colombo, Sri Lanka, for the first
time. On March 28, 2018, the stakeholders including ICHARM met again at the "Ple-
nary Session for the Platform on Water Resilience and Disasters,” which was slightly
renamed subsequent to the first meeting.

The following reports these activities in detail.

(1) Technical cooperation through JAXA-SAFE

A stakeholder meeting for reporting the SAFE project outcomes for the Sri Lanka
project, entitled “Developing and Implementing an Operational Prototype for
Advanced Flood Forecasting, Early Warning, and Data Sharing System in the Kalu
Ganga Basin, Sri Lanka,” was held on March 26, 2018, in Colombo, Sri Lanka. More
than 30 Sri Lankan participants attended
this meeting from the Irrigation Depart-
ment, the Disaster Management Center
(DMQ), other government offices, the
Ceylon Electrical Board, and regional en-
gineering institutions. JAXA, RESTEC and
the Japan Space Forum also participated
as the secretariat of the project, while
Senior Researcher Mohamed Rasmy and
Research Specialist Katsunori Tamakawa
participated from ICHARM.

5 - . 2

Meeting participants. The secretary of the Ministry of

Irrigation and Water Resources and the acting director

general of the Irrigation Department co-chaired the
meeting.

After the welcome addresses by Eng. N. A. Sisira Ku-
mara, the secretary of the Ministry of Irrigation and
Water Resources and Eng. K. Sivapalasundaram, the
acting director general (ADG) of the Irrigation Depart-
ment, several presentations followed: “Introduction
to SAFE Sri Lanka Project” by Eng. S.PC. Sugeeshwara,
"ICHARM's collaboration with Irrigation Department”
by Dr. Mohamed Rasmy, “Achievements of the Project
(Outcomes)” by Eng. Thilini, and "Data sharing system, the current situation and fu-
ture” by Mr. Dammika Karangoda. Then, all participants joined discussions.

Report by Senior Researcher Rasmy

A summary of the discussions is as follows:

- The secretary, the ADG, and other participants greatly appreciated the support
from JAXA and ICHARM and were highly grateful for the development of the
flood early warning system under this project which is crucially needed for the
effective flood management of the Kalu River basin.

International Flood Initiative (IFI)
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- The Irrigation Department requested ICHARM to continue providing technical
support.

- Archiving and using more dense precipitation data for forecasting was proposed
by participants (because the Metrological Department and NBRO have data
collected from more than 100 stations, the participants proposed collaboration
with these organizations.)

- Participants suggested that this system would be useful for effective water pow-
er generation during the wet and dry seasons.

- Hazard map creation for local areas using this system was proposed.

- To obtain inundation data from this system more effectively, the use of finer
resolution Digital Elevation Model (DEM) from the Survey Department was pro-
posed by participants.

(2) 2™ Plenary Session for the Platform on Water Resilience and Disasters

In succession to the first Plenary Session on August 24, 2017, the second "Plenary
Session for the Platform on Water Resilience and Disasters” was held on March 28,
2018, at the Irrigation Department in Colombo.

The session was attended by about 30 Sri Lan-
kan participants from the Irrigation Department,
the National Building Research Organization &%
(NBRO), and DMC, including honourable guests
such as Hon. Minister Gamini Wijith Wijayamuni
Zoysa, the ministry of the Irrigation and Water
Resources Management, Eng. S. Moharanarajah,
the director general of the Irrigation Depart-
ment, and Dr. Asiri Karunawardena, the director
general of NBRO. Eight researchers participated
from ICHARM: Director Toshio Koike, Chief Re-
searcher Tetsuya lkeda, Senior Researcher Rasmy, Senior Researcher Badri Shrestha,
Researcher Mamoru Miyamoto, Research Specialist Tomoki Ushiyama, Research
Specialist Yusuke Yamazaki, and Research Specialist Katsunori Tamakawa.

|

Director Koike (left) with Hon. Minister
Wijayamuni Zoysa (right) and DG of Irrigation,
Eng. S. Moharanarajah (center)

At the opening, ICHARM Director Toshio Koike introduced the outcome document
of the High-Level Panel on Water, which was jointly released by the United Nations
and the World Bank in March 2018, particularly highlighting the Platform of Water
Resilience and Disasters, an ongoing project undertaken in Sri Lanka. Hon. Minister
Wijayamuni Zoysa emphasized the importance of flood control and water resourc-
es management at the river basin level. He also expressed his gratitude to ICHARM
for the support, and addressed his expectations for further cooperation. The direc-
tor general of the Irrigation Department Eng. S. Moharanarajah pointed out that Sri
Lanka is vulnerable to water-related disasters such as floods and droughts and thus
has been frequently suffering from serious human and economic losses in recent
years. He expected that the platform will help the country to solve such problems
by gathering the efforts of national organizations concerned with water-related
disasters. Subsequently, Prof. Naoyuki Yoshino, the dean of the Asian Development
Bank Institute, gave a special lecture entitled “An Empirical Analysis of Disasters
on Regional Economy”. In his lecture, he introduced a case study of the 2000 flood
disaster in Japan by the use of regional GDP data. After that, ICHARM researchers
presented research outputs that ICHARM had achieved on climate change research,
ensemble rainfall prediction, flood forecasting, contingency planning, and data
management. The Sri Lankan counterparts, representing the Irrigation Department,
NBRO and DMC, expressed their expectations on the platform and their future
plans for disaster risk reduction.

The participants joined the discussions in the latter half of the session. Many use-
ful opinions were expressed, including a suggestion that professional organizations
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that are specialized in economy and statistics should be invited to the platform.
Important decisions were also made. All the participants agreed on the proposed
data sharing guidelines, the assignment of the coordinators of the platform, and
the nomination of the focal point from each organization for smooth coordination
of future activities led by the platform. At the end of the session, Dr. Asiri Karuna-
wardena made a closing remark by emphasizing the importance of flood damage
mitigation through the concerted effort of the platform.

As the flood season is approaching in Sri Lanka, ICHARM will continue its supports
by providing useful information for flood management in Sri Lanka.

The documents and presentation materials of the session are available online at:
http://www.icharm.pwri.go.jp/special_topic/sri_lanka_session_20180405_en.html

Group photo with the session participants

(Written by Tetsuya lkeda)

B Training & Education
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EducationallProgram)Updates /1t e i s

The ICHARM master's course is a one-year program from October to September.
Students mainly attend lectures in the first six months and work on their individual
studies in the second six months.

In January, two practical exercise classes, “Computer Programming” and "Practice
on Open Channel Hydraulics” started. The students also attended a training work-
shop, “Project Cycle Management,” from January 9 to 11, and a hydraulic exercise
class conducted at an outdoor experimental facility located in a suburb of Tsukuba
city on the 15.

On February 4-5, the students joined a field trip arranged by GRIPS and enjoyed
Japanese culture, historical buildings and a mechanical products factory. In the
same month, two classes, “Control Measures for Landslide & Debris Flow" and
“Socio-economic and Environmental Aspects of Sustainability-oriented Flood Man-
agement,” started. The first of the five presentation meetings was held on February
8, in which each student spoke about a plan for their individual study and asked for
advice from ICHARM researchers.

From February 27 to March 2, the students visited Kochi city and Hidaka village in
Kochi prefecture, Ishii town in Tokushima prefecture, and Kobe city in Hyogo pre-
fecture. On the first day, they were Hidaka village to see the Nagoya chinka-bashi
("sink-bridge”) crossing the Niyodo River near the village. This bridge is a unique
compromise to achieve a balance between benefit and cost. The bridge was built to
provide the small, riverside community with a short cut to the national road across
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the Niyodo River. It is built, however, to cross the river at a lower height than usual
for cost reduction. The bridge is in service most of the time as the river water is
usually at the normal level, but out of service during a flood, when it goes under-
water, which happens not very often. After that, we visited the floodwater intake
gate of the Kusaka diversion tunnel for flood control of Niyodo River in Hidaka
village, where the students took a close look at facilities and other flood control
measures in place.

On the second day, they visited the Kochi University of Technology, and attended
a lecture on “Development of Decision-making System for Water Resource Policy
Climate Change in Shikoku Area” by Prof. Seigo Nasu. In the afternoon, they looked
around tsunami protection measures. That area is expected to be hit by Nankai
Trough Earthquake. They first
visited a tsunami evacuation
tower built near the coast, and &
then moved to Mt. Godai's §
observation platform where [N
an officer of Kochi prefecture g
explained the triple protection
for the downtown of Kochi
city against tsunamis.

The central area of Kochi city from Mt. Godai observation platform

On the third day, after visiting the Sameura dam, the students went to Ishii Disaster
Prevention Station in Ishii Town. They first re- | g |

ceived a brief lecture on the Yoshino River, one of
/‘ =

the nation’s most famous rivers, and then learned
several measures that are used in flood fighting |
efforts in Japan. In particular, they had a chance
to see the ringing sand boil method in place
thanks to the staff of the local office. They also
learned how to use things they can find around
them in the event of a disaster, such as using
ropes in rescue efforts and creating a stretcher
out of everyday clothes, blankets, and vinyl sheets
and sandbags used in flood fighting.

Exercise on rope work
at Ishii Disaster Prevention Station

On the last day, the students visited the Disaster Reduction and Human Renovation
Institute in Kobe, Hyogo prefecture, to learn the Great Hanshin-Awaji Earthquake
including damage, restoration and reconstruction. Looking at movies, photos and
other exhibits, the students were shocked with the tremendous damage it caused
to the Kobe area. And they learned the importance of cooperation among local
residents.

All lectures end in March, and the students will focus on individual study including
writing a master’s thesis from April.

This year's field study was also fruitful owing to the cooperation of Mr. Kuniichi
Yamamoto, the Tokushima River and Highway Office of MLIT, and the Departments
of Crisis Management and Civil Engineering of Kochi Prefecture.

(Written by Takashi Shirai)

Others
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On April 2, 2018, a cherry blossom viewing luncheon was held under big sakura
trees on PWRI premises. ICHARM holds this seasonal mini-outing for interna-
tional students in its educational program to mingle with people at PWRI.
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The event took place on a nice spring day with a good crowd of researchers, as-
sistants and students including the director of ICHARM and the president and
other executives of PWRL S. L. Mohamed Aliyar, the additional director general
of Irrigation Department of Sri Lanka who happened to be visiting ICHARM, also
joined this gathering.

After Director Koike welcomed everybody, the luncheon started. The participants
enjoyed eating a lunch box while talking with friends and colleagues, listening
to a beautiful piece of music on the flute by a student from India, and singing a
sakura song together. In the end, a student from Bangladesh made a brief thank-
you speech, and the outing ended.

The staff who organized the event were happy that people had a good time at
ohanami, a traditional Japanese event in spring.

New ICHARM Members «---ccceeceeetimmiiiiiiiiiiiiiiiiiiiiinennnenn,

Seven new members joined ICHARM.
They would like to say brief hello to the readers around the world.

Others
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(Written by Shigeyuki Senda)

Yoshiyuki Imamura / 5% #EZ

“ further development.

Director for Special Research / ¥#illWf7¢ s Japan
I am delighted to rejoin ICHARM as the third time appointment and see its development.
< y Ihave been associated with ICHARM since its establishment and even before, and am excited to contribute to its
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Yousuke Tomizawa / 1% ¥/

Senior Researcher / AW & Japan

It's my first time to work at ICHARM and PWRL Until ten years ago, I had conducted researches on water re-
sources and dam operations at NILIM for five years. I'm glad to restart my research life here in ICHARM.

In addition of my research background, I believe 10 year-experience of administrative position can contribute
ICHARM activities.

-~
-

Hirosato Yoshino / &% 240

Senior Researcher / TAT-W7¢ & Japan

I am very so pleased to be a member of ICHARM from this April. This is the first time for me to work in Tsukuba
area. Before coming here, I was working in MLIT and MAFF headquarters for seven years. I hope these experi-
ences would be useful here. I would like to make my best efforts. Best regards.

Takafumi Mochizuki / 2H &%

Senior Researcher / TATW7L & Japan

I returned to Tsukuba for the first time in five years. Last time I was here, I was with a research team studying
river environment improvement. Research at ICHARM will be different from what I was doing then, but I'm ex-
cited to take on a new challenge.

Hiroaki Shirai / B 7

Senior Researcher / FATHIZ% 8 Japan

This is the first time for me to work in ICHARM. I am honored to work in this research institute.

My research interests include analyzing the economic impact of infrastructure related to water hazards. I would
like to contribute in various fields of ICHARM.

Osamu Maruyama / fuli &

Deputy Head of General Affairs Division / Fl| 25+ Japan

Hi! I just start working from 2nd Apr. Before coming here, I had been working at embassy of Japan in Israel for
3 years as a tourism attache to promote inbound tourism to Japan.

Now I study English for Licensed guide-interpreter. So I'm so happy to work to speak with you. So please feel free
to talk to me anytime. I will do my best to become your help as fast as possible. Thank you.

|

Tomoki Nakamura / F8  &#

Administer / £ Japan

I am happy to work with all of you here. I've just started working at ICHARM since this April. Before coming to
ICHARM, I was at Accounts department. I hope I'll get used to things at ICHARM soon.

By the way I like reading books and Karaoke, so please tell me your recommended books. In the end, since the
same surname Nakamura are working at ICHARM, so please call me Tomoki !

Z B
»
-

Leaving ICHARM

- Takafumi Shinya : Senior Researcher
Director, Asuwagawa dam construction office, Kinki Regional
Development Bureau, Ministry of Land, Infrastructure, Transport
and Tourism

- Hironori Inomata : Senior Researcher
Head, Planning and Research Administration Department,
Public Works Research Institute (PWRI)

- Akemi Saito : Deputy Head of General Affairs Division

Deputy Head of General Affairs Division, Compliance Management
Office, Public Works Research Institute (PWRI)

- Takashi Shirai : Senior Staff
Hokkaido Regional Development Bureau,
Ministry of Land, Infrastructure, Transport and Tourism

- Akira Hasegawa : Research Specialist
Project Researcher, Center for Climate System Research,
University of Tokyo

- Liu Tong : Research Specialist
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ICHARM is getting ready to launch the new website very soon in mid-May. ICHARM T & 5 A F ]
IZ. ICHARM IR—LRX—=2T DY)
The new website will be filled with more contents than before, especially with | =3 —7)LEFELTUVET,
those covering research, and, what's more, it will be far more smartphone- MREEOI VT VY ERE
i ; ; TEBLELEEIC AR—FTF
friendly. As we have been,we will keep updating the pages frequently, too. S Canvd kB ES T
We will let you know by email when it's officially up. FEC. RABRLMEEFRCGE
WEEFHLTVEET,
NEATNIEBRIZES>TZa—
ALBZ=A=Y2 T XNET
EBHSELET,

ICHARM accepted 4 visiting researchers: Dr. Maheswor Shrestha from Nepal, Mr. Seenipellage Chaminda Sugeeshwara
from Sri Lanka, Ms. Wadu Thanthrige Thilini Manodhya de Silva from Sri Lanka and Mr. Dhammia Nishantha Karangoda
from Sri Lanka as visiting researchers.

They contributed a short message to this volume of ICHARM Newsletter while looking back at their studying at
ICHARM.

Water Resource Division, Water and Energy
Maheswor ShreStha Commission Secretariat (WECS), Nepal Visiting research period: February 19 - March 4, 2018

It's my pleasure to participate the Foreign Guest Researchers Invitation Program of PWRI to attend the
research meetings on distributed hydrologic modeling at ICHARM, Tsukuba. Continuous support from
ICHARM staff; Ms. Okawa made my stay calm and easier at Tsukuba.

T participated this program mainly fo initiate a collaborative platform to build an integrated distributed hydrologic
model (Water and Energy Budget based Distributed Hydrologic Model - 4 component) with snow and glacier melt
modules. I think my stay at ICHARM fulfilled the objective of my visit and invitation program too. I had a chance to
share my knowledge on snow and glacier melt modeling works with Mr. Naseer, Dr. Tsutsui and Dr. Rasmy from ICHARM
and fwo interns; Mr. Abdul Moiz and Mr. Liu Chang from the University of Tokyo. I would like fo thank Prof. Koike and
Mr. Ito for the invitation. T hope such collaborative research efforts would be extended in future too. Finally, the thing
T liked the most is the serenity of Tsukuba.

Seenipellage Chaminda

Sugeeshwqra Irrigation Department, Sri Lanka Visiting research period: February 26 - March 9, 2018
I got the opportunity to come to ICHARM with two other fellow members of my organization (Irrigation
Department, Sri Lanka) for two weeks for developing a flood forecasting model and a message dissemination
system for Kalu River basin in Sri Lanka. This was done under the hosting and supervision of ICHARM. I am
so impressed by visiting again to the institute that I was graduated in M.Sc. in Water Related Disaster Management in
2010. I felt really like T have met my very close relative after a long time. ICHARM staff under the leadership of Prof.
Toshio Koike have guided us very well to achieve the task. Therefore I am honored by paying my gratitude to all the
ICHARM staff. I want fo pay my heartfelt gratitude to Dr. Mohamed Rasmy, Senior Researcher for always guiding
directing and teaching us despite his very busy schedule in ICHARM. Finally T want fo say that once again I have
withessed the great hospitality of Japanese people.

T am very much sure ICHARM fo be the leading world research center for all the water hazard mitigation and management
very soon.
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Wadu Thanthrige Thilini

Ma nodhyu de Silva Irrigation Department, Sri Lanka Visiting research period: February 26 - March 9, 2018
Tt was a great pleasure to be with ICHARM for two weeks. I really enjoyed those two weeks as my very first
visit to ICHARM and also to Japan. Though it was a short period, I learned a lot and gained a lot of valuable
experiences. This training session was a great opportunity to develop my carrier and also to enhance my
knowledge.

The objective of this training was to develop a flood forecasting system for Kalu river, Sri Lanka using Rainfall and
Runoff Inundation (RRI) model. Under this I have improved my knowledge of some software such as RRI, gnuplot and
working with linux terminal/terminal emulators. T would like to express my special gratitude to Rasmy sensei who guided
me towards the successful completion of model despite his very busy schedule.

Finally T would like to give a big thank to all members of ICHARM and students for their kind support and cooperation
with me during the training period.

Dhammla N“hantha Karangoda Irrigation Department, Sri Lanka Visiting research period: February 26 - March 9, 2018

On behalf of the Department of Irrigation, Sri Lanka, I would like to thank all members of ICHARM for
giving me this great opportunity to me a develop a comprehensive website for flood forecasting in kalu river
basin. Especially, I would like to express my gratitude to Director of ICHARM Koike, Deputy Director
Sawano, Associate professor Dr. Rasmy, Secretary and all other support staff in ICHARM.

This short visit we already develop a model for flood forecasting in Kalu river as a testing and will expand into other
rivers in Sri Lanka. With in this well organize research in ICHARM, my academic knowledge could improve better than
before. I was also able to learn Rainfall and Runoff Inundation (RRI) model.

In addition everyone kindly helped me to adjust in Tsukuba. I was impressed by their sincere help. This research at
ICAHRM led me to improve myself.

Awards / EUX b

* January - March 2018
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Business Trips / B4R X b

* January - March 2018

@ January 10-13, Jakarta in Indonesia, Mohamed Rasmy Abdul Wahid, to participate in the 7th Global Precipitation Mission (GPM) Asia Workshop
and deliver an oral presentation on "GSMaP applications for water related disasters in Sri Lanka"

®January 14-19, Colombo and Anuradhapura in Sri Lanka, Mohamed Rasmy Abdul Wahid and Katsunori Tamagawa, to install real-time data
transfer system for the rain observations in Malwathu river basin, Sri Lanka

®January 14-19, Indonesia, Hisaya Sawano, Takafumi Shinya, Badri Bhakta Shrestha and Yoshito Kikumori, research on"TOUGOU" program activity
plan and establishment of IFl National Platform

@ February 4-9, Melbourne in Australia, Tomoki Ushiyama, to participate in the HEPEX Workshop

® February 6-10, Manila in Philippines, Yoshio Tokunaga and Mamoru Miyamoto, preparation for Typhoon Committee project and meeting with
DPWH for IFl activities

® February 15-20, Bago in Myanmar, Shinji Egashira, Atsuhiro Yorozuya, Badri Bhakta Shrestha, Hiroshi Koseki (PWRI Researcher) and Young-Joo
KWAK, field Survey at Sittang River in Bago, Myanmar

® February 22-25, Washington D.C. in U. S. A, Toshio Koike, to attend the World Bank HQ event "Tech 4 Bosai"

.Februa:‘y 25-March 4, Hanoi in Viet Nam, Yoshio Tokunaga and Takafumi Shinya, to participate in Typhoon Committee Technical Conference
(TECO) And 50th Annual Session of Typhoon Committee
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® March 10-14, Manila, Candaba and Calumpit in the Philippines, Toshio Koike, Miho Ohara, Mamoru Miyamoto and Naoko Nagumo, (1) meeting
W/tZ R/esearchers from University of Philippines Los Bafos (2) field survey at Candaba Swamp (3) meeting on water disaster impact assessment
mode

® March 10-17, Manila, Candaba, Calumpit and Davao in the Philippines, Yoshio Tokunaga and Hitoshi Umino, survey on easy estimation method
of socio-economic impacts caused by floods in Pampanga River basin in Philippines using big data

@ March 16-24, Brazil, Toshio Koike and Tetsuya lkeda, to participate in the 8th World Water Forum (WWF8)
® March 17-22, Istanbul in Turkey, Young-Joo Kwak, to attend a Geoinformation For Disaster management(Gi4DM) 2018

® March 25-31, Srilanka, Toshio Koike, Tets?fa lkeda, Badri Bhakta Shrestha, Mohamed Rasn;)/Abdu/ Wahid, Mamoru Miyamoto, Tomoki Ushiyama,
[/gqtsunori Tamagawa, Yusuke Yamazaki, (T) JAXA-SAFE Project Stakeholders Meeting (2) Second Plenary Session for the Platform on Water and
isasters

Visitors / s5I& Y X ~

* January - March 2018

@ Visited by delegate from Department of Hydraulic Engineering, Tsinghua University, China / FEEZEAE January 25, 2018
Purpose: to attend a symposium organized by ICHARM for introduction and academic communication
- 18 teachers and students of Department of Hydraulic Engineering, Tsinghua University, China

@ Visited by the delegate from Universiti Tenaga Nasional (UNITEN), Malaysia, Febrary 21-22, 2018
Purpose: (1) to study the Disaster Risk Reduction research in Pampanga River (2) discuss the future collaboration
- Dr. Ng Yu Jin, Senior Lecturer
- Engr. Azrul Ghazali, Senior Lecturer
- Engr. Ahmad Kamal Kadlir, Lecturer
- Prof Ir Khairul Salleh Mohamed Sahari, Professor

E |

@ Visited by delegate from irrigation department, SriLanka, April 2, 2018
- S.L. Mohamed Aliyar, Additional Director General of Irrigation Department
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Publications / #&XwmXJ X b

* January - March 2018

1. Oral Presentation (Including invited lecture) / QAR E (BiFERI L)

© )b Ik, SRS BKKEDE RSB L, [FEIEEE K KD DL | ~RER - 8 - (ER TR K BT R FRICIE TS Feddle~ FH
BB . e, AR 51 75, 2018525280

® Young-Joo Kwak, Jon 6(] eol Park, Wataru Takeuchi, Long-term flood detection mapping using multi-satellite data for international river basin, 26th IS
forum proceedmg, 26th I1S forum, Institute of Industrial Science(llS) U- Tokyo, Tokyo, March 5-6, 2018
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@ Tsujimura M, Sakakibara K, Imaizumi Y, Gusyev M., Morgenstern U, Spatial and temporal variation of residence time of spr/ng and 8groundwater in
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