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OVERVIEW OF PROJECT WORK AND OUTCOMES

Non-technical summary

This project is aiming to build up a scientific basis for sound deaiséding and develping policy
options for most suitable flood risk management in the Asia Pacific Region, through the full
utilization of new opportunities on global, regional anesitu dataset, knowledge and/or resources
under the framework of Asian Water Cycle Initrat{iAWCI) contributing to GEOSS (Global Earth
Observation System of Systems). To attain the goal above, the following three objectives were
specified:
1. To convert observations and data, both through space borne platforms and data integration
initiatives, to usable information for flood reduction
2. To improve quantitative forecasts for coupled precipitatiflood-forecasting systems
3. To facilitate flood risk assessment through the provision of scenarios and data for exposure
estimation
The researchesultis constructed byan aggregation of each voluntary research activity in each
member country based on mutual intensive information/human exchanges and cooperative
researchactivities Several key technologies such/dsBDHM, DRESSFLOWSS of UIFAS of
ICHARMRegHCMPM of NAHRIMand so forth, and practical approaches were developed and
validated. All of those technologies and practices will be the basis for sustainable flood risk
management in thésia Pacific Region the future.

Objectives

This projecivas aiming at enhancing and utilizing regional cooperation to achieve the following
three targets with the use of the resources and knowledge available at various specialized
institutions in the Asia Pacific Region under the framework @fmA@/ater Cycle Initiative (AWCI)
contributing to GEOSS (Global Earth Observation System of Systems).
1. To convert observations and data, both through space borne platforms and data integration
initiatives, to usable information for flood reduction
2. Toimpove quantitative forecasts for coupled precipitatiefiood-forecasting systems
3. To facilitate flood risk assessment through the provision of scenarios and data for exposure
estimation

Amount received and number years supported

The Grant awarded to thigroject was:
US$2,000 for Yearl, 2008009
US$42,000 for Year 2, 2009/2010

Activity undertaken

The researches of this project were conducted through utilizing the framework and activities of
GEOS8WCI. Namely, the activities are composed leyfttlowing steps and cycles:

1) To exchange information/knowledge on studies in member countries relevant to the above goal
and objectives through the GEGA®/CI regular meetings.

2) To develop (and/or adapt existing, with improvements) methodologiedstand basic datasets
related to the objectivesin each member country, as a demonstration project, referring to the
above information/knowledge Demonstration projects include the following two typical
patterns:




a) Toenhance irsitu field hydrologicabbservations for each study basito apply the above
methodology/tool to the basin, to validate and verify the applicability of the methodology/tool
and to clarify the future subjects to make it from research phase to operational phase

b) To investigatdistorical watetrelated (in particular, flood) disaster events, to collect
hydrological/meteorological/socioeconomic data for the extracted flood events, to apply the
above methodology/tool to the past flood events as case studies, to validate and therify
applicability of the methodology/tool and to clarify the future subjects to make it from research
phase to operational phase

3) To exchange research results/findings/experiences through the above demonstration projects
and discuss the furthermore intactive cooperation among member countries through the

above meetings.

The GEOSSWCR regular meetings have been held as International Coordination Group (ICG)
Meetings five times during the project period. In addition to that, another specifitadiysed in
depth workshop titledLst International Workshop on Application and Validation of Global Flood
Alert System (GFAS)

Results

As a result of ¥ear cooperative research activitiaader the framework ofFlood WG of GEOSS
AWCI, there have emerged mapromising technologies and practices for the future sustainable
flood risk management. Most typical new technologies developed and/or validated through those
activities are WE®HM, DRESS & FLOWSS of UT, IFAS of ICHARM, R&yBINAHRIM, and so
forth. Through repetitive meetings, discussions and cooperative activities, advanced technologies
and many other innovative practices have bedsoshared among all the members of Flood WG of
GEOS8WCI, which will be expected to leamupdating and enhancipa variety ofscierce- & data
basedfoundationstoward sound decisionmaking and developing policy options for effective flood
disaster risk reduction in Asia.

wSt S@FyOS (2 'tbQa {OASYyOS ! 3aSyRI |yR 20628

This project contributes to the Asian Watgycle Initiative (AWCI) contributing to the Global Earth
Observation System of Systems (GEOSS), which will assess regional vulnerability of natural and
human systems from floods under changing environmental conditions, and contributes to the
development @ policy options for appropriate local and regional responses. These objectives are
directly in line with the mission of APN and thus are relevant to the APN science and policy agenda.
The project will directly contribute to enhancing regional cooperatstrengthen interaction

between scientists and policy makers and will improve scientific and technical capabilities of Asian
region nations, fitting very well to the APN activity framework.

Self evaluation

Several promising technologies have been dgyedl and validated in this APN project such as WEB
DHM, DRESS, FLOWSS, IFAS, RelgMCand more that can be basic ones for efficient & effective
integrated flood risk management in the Asian Pacific Region. Besides, a vapietyticks and
experiences of other case studies in many Asian countries using new emerging technologies,
methodologies and data have been accumulatedach country, which will be the basis for the
establishment ofnethodologiesand systems for integratedidod risk managemerdas well. There

still remains relatively a long way from the preseesearchphase to the future operational phase, it
should be highly evaluated that each of three objectives are substantially met through such several
key technologies angractices. Fnally, the importance of human connections and confidence
building with each other among members of Flood WG of GE®BSIstrengthenedhrough
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cooperativeactivitiesshould be emphasizedrhis willsurely be useful for future further
development of our mtual international cooperation and coordination toward real implementation
of newgeneration flood risk management system using GEOSS data.

Potential for further work

The same as the above (self evaluation) should be mentioned here. Tihat devéoped

promising technologies and practices will be the basis for the establishmemthiodologiesand
systems for integrated flood risk management. As mentioned above as well, there still remains
relatively a long way from the presergsearchphase tothe future operational phase, which should
be the future subject.
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TECHNICAL REPORT

Preface

Asian Rcificcountrieshave been suffering from floodisastersevery year, which have been big
barriers not only to reduce natural disaster casualties/damages but also to promote social welfares
and economy in those countries. This projeeis proposed to contribute to flood disaster reduction
throughenhancingsustainable flood risk managementth GEOSS datdJnderthe coqerative
framework of GEOS®WCJinformation exchanges and cooperative studies were promoted, and

lots ofnew developments and locattudies were conducted in each AWCI member countitye

report summarizeghe outline of thoseresearch activities. Please refer to references for more
details of each study.
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1.0 Introduction e Trend of water-related disasters by type (1980-2006)

of Disasters
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—#= Flood ~ Slide =& Wingstorm

ASian Countries have been St'" + Wave/Surge -+ Drought —Q,— Water-related Epidemic

suffering from flood disasters =3
repeatedly every year. Moreovel
the number and influence of
flood disasters are increasing
recently(Fig.1& 2). In order to
mitigate flood dissters as much
as quickly and efficiently, since it

is almost impossible to prevent 100
from flood hazards completely

with sufficient structural 0 ” y n : f , "
measures due to its high cost anc A S P Y Y
long time to finish, we should E A .
establish integrated flood Made by ICHARM based on CRED EM-DAT
management includingdbd Fig.1 Trend of waterelated disasters by type (193D06)
forecasting systems and a best Europe

0.8% Oceania

balance of structural (infrastructural) measures and structural onefor  atrica o5
reducing vulnerability against flood risk and, on the contrary, for increas 2% ==
coping capacity against.it Flood forecasting is a re@ahe reaction to
mitigate flood disasters, while the consideration toward a best balance
between structural and nosstructural measures, such as hazard mapping
vulnerability assesing and its reduction, etarerequired for planning
process at postand/or pre-phase of flood disasters. Anywaye need to
plan suitably those measures considering the identification & prediction
the changing trend of floods & disasters induced by them. Thus, we ne:
reliable historical and redlme databases of meteorologand hydrology Fig.2 Percentage of
to plan and establish those measures, based on the flood risk and
vulnerability assessment, considering global change in terms of climate
urbanization, etc. However, such data are often lacking for many of
developing countries in Asia. @goal of this proposed projeetas,
therefore, to build up a scientific basis for sound decisiwaking and
developing policy options for most suitable flood risk management for each country and region in
Asia, through the full utilization of new opportities on global, regional and-gitu dataset under

the scheme of AWCI (contributing to GEOSS), wiachbee established in 2005. €lgoal of the

proposed projectvad 2dza G f AY 1SR 6A0GK (GKS YAaaArz23010pF (KS

casualtiedy water
relateddisasters
(198062006

To attan the goal, considering the two approad®sated in the above section, we need to provide
methodologies, tools and basic datasets to derive such required informaticornteertboth globat
scale and localbservations and datto reallyuseful information and knowledgdor flood risk
management On the basis of those fundamental technology and data, we negdpmve real
time flood forecasting system for sheterm crisis management and to assess flood risk and
vulnerability and then to make flood scanios for longterm integrated flood risk management.
Namely, we set up our three objectives as follows:
1. To convert observations and data, both through space borne platforms and data integration
initiatives, to usable information for flood reduction
2. To mprove quantitative forecasts for coupled precipitatiofiood-forecasting systems
3. Tofacilitate flood risk assessment through the provision of scenarios and data for exposure
estimation
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If wefulfill all the#1, #2 and #3objectives, then wewill be abk to establish fundamental database
andcapacityto effectively and suitably plan and realize the reale basedandlongterm based
measures to mitigate flood disastgpsomptly and efficiently. From technogpcal point of view, it
wasexpected to bepossible for us to set those objectives, based on recent scientific achievements
on climatology, meteorology and hydrology in the Asian monsoon regions such as those of GAME
(GEWEX Asian Monsoon Experiments, WCRP) and on shtedigd observation of raiafl, physical

& socioeconomic quantities of earth surfaces and numerical weather reanalysis, downscaling &
prediction. Itis, however, indispensable for us to consider the disparity in existing resources and
capabilities among different countries/regioas well as their varied needs and environments.
Therefore, we established the Flood Working Group in the framework of A2006 to construct
aninternational/inter2 NBF yAT FGA2yf O022LISNF ABS FASER (2
LINE 2 S GadhédiffeFeatNtud® basin to build up the first succesghplementation abouany of

the above objectives and to make it a good showcase to strengthen appropriate interactions among
scientists and polieynakers and to provide scientific input (correspamglto Policy Agenda of APN
Strategic Plan) for the real implementation of the systems all over the ffwode areas in Asia.
Considering the disparity of capabilities of countries in Asia as above, the demonstration project will
be coupled with capagitdevelopment offered by advanced glolmdlange research network

activities and organizations in Asiach aghe University of Toky@UT) Japan Aerospace Exploration
Agency (JAXA), the United Nations University (UNU), the International Centre for Vdased ldnd

Risk Managemeninder the auspices of UNESQCOHARMXKasetsart University of Thailarahd so

forth. Thoseorganizations were expected tacilitate the development of research infrastructure

and the transfer of knovwhow and technologyeven inpoorly-gauged river basindpr converting

the coupling of globatcale and locatcale observational data into any information and/or

knowledge on flood risk management (objective #1), for promoting the implementati@ioanf
forecasting systenfobjecive #2), flood risk assessment and floocksario generation (objective3)

in this proposed project. These activities will lead to improving the scientific and technical
capabilities of nations in the regions of Asia in terms of hydrological forecastohglanningand
finallyleadto (a)identify, refine and make available best practices, tools and methodologies for
flood risk reduction inhe Asia Pacific Regi@nd to(b) develop training programs and modules on

the use of global and regmal data s&s and observations

Through the tweyear project by the APN fund, the GEQ@SECI and its Floe&/G members have

tried to understand realities and problems in flood risk management in each countcpnolidate

those stateof-the-art technologies to @uple global and local datéo apply them to a

demonstration project in each country, and to share any interim results, findings and lessons among
GEOS8WCI Flood Workings. Now we have accumulated and shared many practices in Asia for
flood risk manageent, and some of them can be regarded as the best practi¢éswvever, most of
suchctop runnerg are limited to welfinanced cases by external funds. We should continue to

make every effort to consolidate and customize our accumulated stfthe-art know-how and
technologyin meteorological and hydrological science and engineering folimgdémentation of
integrated flood risk management in Asia. The detailsupfachievements are described below.

2.0 Methodology

As mentioned in 1.0 Introduicin, the activities ofhis project hae been conducted under the
framework of Flood WG in the GE®SWCIl(Implementation Plan foGlobal Earth Observation
System of Systemsian Water Cycle Initiatiyl6 EOSS/AWQI)

The AWCWas established in 2005 tievelop an information system of systems for promoting the
implementation of integrated water resources management (IWRM) through data integration and

LINE
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sharing and improvement of understanding and prediction of the water cycle variation as a basis for
sourd decision making of national water policies and management strategies.
The objectlves for AWCI are defined as follows:
to develop Integrated Water Resources Management (IWRM) approaches;
to share timely, quality, longerm information on water quantit and quality, and their
variation as a basis for sound national and regional decision making;
to construct a comprehensive, coordinated and sustained observational system of systems,
such as prediction systems and decision support capabilities, und€BHOSS;
to develop capacity building for making maximum use of globally integrated data and
information for local purposes as well as for observation and collecting data.
The AWCI is a new type of an integrated scientific challenge in cooperatiomei#orological and
hydrologlcal bureaus and space agencies. Its uniqueness is described as follows:
Effective combination of the architecture and data and the capacity building;
Advanced data infrastructure availability including a river basin rdata registration
system, a data quality control interface, and d#téegration and downscaling methods;
A clearly described data sharing policy agreed among the participating countries;
Strong linkage among science communities, space agencies, anidecakers;
Well coordination between the research communities and operational sectors with clear
strategy for transferring scientific achievements to operational use;
Effective cooperation with international projects and cooperative framewaorks.
The alove objectives andniquenesof GEOSBWCI are very relevant to this project in terms of
integrated flood risk management. This is the reason why this project has been conducted under
the framework of GEOSSNCI.

Beforestarting this APN project, theddd WG of GOSRWCI had been established and two
International Coordination Group meetings had been held in advance. Through those prior activities
to the APN ARCP project, the GE@BE limplementation plan including the selection of
odemonstration basie¢ wassummarizedn November 2008 Then irorder to implement tie AWCI
implementation plan and this project proposal, Flood WG technical meetings have been conducted
several times during the project period as one of the sessions of general AWCI lioteahat
Coordination Group (ICG) meetings. The general AB&Imeetings have been-sponsored not

only by this APM\RCP project but also byo other APNCAPaBLE projected by Dr. Ailikun of

China and by Dr. Chu ISHIDA of JAXRélist of the meetirgsduring this APN projeds as follows:

M® a¢KS niK / 2yFSNBYyOS 2F GKS ! &AL t (ABAVWERO ! aa2C

the 3rd International Coordination Group meeting of the GEDSY ,Beéijing, ChinaNovember 3
6, 2008
Total Parttipants: 43 ICHARM support: 9

H dThe@rd GEOSS Asia Pacific Symposiuhe&th International Coordination Group Meeting of
the GWOSS 2 / ,Kyoto, JapajFebruary 47, 2009
Total Participants: 66 |ICHARM support: 5

3 G¢KS pidK YS RdidaWakkr Fcke Initidige (AT iptérnational Coordination
D NR dzLJ, Tokyd, IapagDecember 1517, 2009
Total Participants: 154 ICHARM supp®rt:

40 a¢KS niK D9h{ { anéﬂﬁelﬁth méethg dfmeCGE{)&éS\ASlEVﬁatedzycle
InitiatA @S 6! 2/ L0 LY dGdSNYI GA 2yl findonesiaMaiRiA 1¥13, 2018 y D NZ d
Total Participants: 37 ICHARM suppbriincluding Cancel 1)
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50 4¢KS TOK aS8i®NylT L2yFi SINGS (DRZhy{H{E /TEk@oNIRoaY | G A 2 Y
Octobe 56, 2010
Total Participants7’9 ICHARM support:5

6d Thélst International Workshop on Application and Validation of Global Flood Alert System
oDC! { 0€Z ¢ Adgustd, 2009 WI LI y
Total Participants: écancel 1) ICHARM suppaft(induding cancel 1)

The number of total participants includes other guests sponsored not only by the APN grants but
also by other funds and general domestic participaft€HARM suppaitmeans the number of
participants funded by this APN ARCP fund.

The bst 8" workshopis not merely a general informatieexchange & discussion meeting but a
tightly-focused indepth workshop on a specific technology: GFAS (Global Flood Alert System). GFAS
is an initiative proposed by IFNet (International Flood Networkl)iarsubdivided into the two: i)
GFASRainfall & ii) GFAStreamflow. GFARainfall is the original GFAS and a heavy rainfall alert
(identification) on a global scale using satellitesed rainfall data (NASFB42RT and JA>X@SMaP).
GFASStreamflow is @onceptuallyderived from the GFARainfall, i.e. an initiative torpduce useful
warning and forecastinopformation even for the basin where very limited (hydrologic &

geophysical) irsitu datawith securing the worldwide possibility to apply flood argiy/and

forecasting system in a wide variety of climatic and hydrologic conditions in the.wagd toolkit

or platform for the GFAStreamflow, IFAS (Integrated Flood Analysis System) was developed. At the
6™ workshop the background, concept, thearyalidations and applicatiorsf GFAS & IFAgere
introduced, discussed armtacticed. The detailed fruitful results of the wadnkg are also

introduced and discussed in the next chapter (ex. Indonesia and Japan).

The common approachés promotingthis projectutilizing the opportunities to hold the above
meetingshave been as follows:

1) To exchange information/knowledge on studies in member countries relevant to the above goal
and objectives through the above meetings.

2) To develop (and/or adapxisting, with improvements) methodologies, tools and basic datasets
related to the objectivesin each member country, as a demonstration project, referring to the
above information/knowledge Demonstration projectincludethe followingtwo typical paterns

a) Toenhance insitu field hydrological akervations for each study basio apply the above
methodology/tool tothe basin, to validate and verify the applicability of the methodology/tool
and to clarify the future subjects to make it from reseapttase to operational phase

b) Toinvestigatehistoricalwater-related (in particular, flood) disastewents, to collect
hydrological/meteorological/socioeconomic data for the extracted flood events, to apply the
above methodology/tool to thgast flood &ents as case studig® validate and verify the
applicability of the methodology/tool and to clarify the future subjects to make it from research
phase to operational phase

3) To exchange research results/findings/experiences through the above dent@rseojects and
discuss the furthermore interactive cooperation among member countries through the above
meetings.

The results of those cooperative research adtgitare described in the next chapter.

DN



3.0 Results & Discussion

Taking the approachesxplained in the previous chapter, this research project has k@ranced

and progressed. The research result of this project is, therefore, an aggregation of each voluntary

research activity in each member country in principle. Based on this understpntiia each
country® research result based on such mutual intensive information/numan exchanges
cooperative activities is described, country by country, first of all. Then the ov¥dithgs and
significance of the whole project are discussed later

3.1Demonstration researcheand practices in each country
3.1.1 Bangladesh

Bangladesh ieecognized athe most disaster pronarea in the world.Since the half of the land of
Bangladesh is less than 5m in altitude and the 68%efand is vulneaable to flood Bangladesh has
suffered from many catastrophwyclonedloodshistoricallysince the great Bakerganj Cyclone in
1876.

]

= Ef. e T M 2en
T~ _(sEs < Cyclone -SIDR,12-16 Nov,07
£ Chagr g,ih::‘_-', :_ f I ;’I - ,rl—"l !
N .{2 ] -i—-;'f .. ._ 5.-"—.1'-— el
7 o (A | Bangladesh cyclone
l/-" + _ -{ |87 H'E'IE'I"IE:'I.'lr:Ig e nhos! vaccesaiie grags i'lll?".’lﬂ&_r
E-S - C . ""h-." e f e .
AT - T PR )
Vigghitapaan | :| '.‘ , - D
'-TJ * -'I." ¥ § ‘u hl =1 f
I“\t_'.'. \.‘ls ED = Wl '\tr w6 L R"zr - ll‘ i IL_‘-——.--—""'..“"-. H_‘p B .
,-*‘J- E -'_-lk,.i!' MDA
o g x ¥
nu LADEEH .

waian SRR INDIA

BALERWAT | BHOLA  CHTTAGONG

b

Major districts affacted by Cyclone ‘SIRD’ AP BT Sours. Nl

Fig3 The track and affecting area of Cyclone Cidetl@R&ovember, 2007
(Quadir, 2009)

Islam(20@, 2010 discussd the development of cyclonénduced disaster management in
Bangladesh.The most famougycbnesare the Bhola Cyclone in 1970 that caused more than
300,000 fatalities, and the Bangladesh Cyclone in 1991 that caused 138,000 fatdlhie®fore,
Banglaesh has tried to establish cyclone forecasting and warniBgngladesh Meteorological
Deparment (BMD) is mandated for tropical cyclone forecasting and warning, based on the
information from 4 grounebased meteorological radars and satellite (MTSAT) @saand the
Cyclone Preparedness Program (CPP) under the Bangladesh Red Crescent Society (BDRCS)
established to forward cyclone warning bulletins to 42,675 coastal volunteers for saving coastal
vulnerable people Highfloor shelters were constructet save people living in vulnerable areas.

As a result of those efforts, Bangladesh was successful to reduce casualties so much from the orde

of one hundred thousand to the order of sevetiabusandincluding missed peopldor the Cyclone

~

and

ARCP20091CMYFUKAMFINAL REPORT




ARCP20091CMYFUKAMFINAL REPORT

Cidr case in 200(Fg.3) Certainly this disaster was very big, but we should not forget the truth that
the casualties were SO MUCH reduced compared with the past bigithegtlisasters.Ilt may have
beenrelatively better for Bangladesh that the Cyclone Sidr landed atdli@ time oflow tide. But

the strength of the cyclone in 1970 was 966hPa and 57mésgefore the cyclone itself was stronger
in 2007. Consequently such a big (teraler!) decrease of casualties can be more properly
explained by the prevailing of early warning system and-fimgr shelters (around 2000). Of course,
many lessons are still remaining but the pdd#ngladesh succeeded in suxf disaster mitigation
should be emphasized. Typical lessons indicated are as follows:

1) Early warning system coupgirihe Radar infanation of theMeteorological Department and
local volunteers announcing flooding aler@RPCyclone Preparedness Program) played a big
role to inform the central alert information to local municipal offices, and to reduce the disaster
for most residentidpeople, except for fishermen due to improper maintenance of
communication system.

2) In many cases, the timing to start evacuation is still late. Beside, there were some cases
residential people in floodplains did not escape because they were afraidgroperties such
as cattle were stolen.

3) The improvement of accuracy of higilde and flood forecasting should be made for each
local point to raise the reliability and credibility for local residential people. Firstly more water
level stations areequired. .

4) Highfloor shelters, which have been often used as schools during ordinary times, were also
very useful for reducing the disaster, but the number of them is apparently insufficient and a
part of them has become old.

5) The embankment swounding polders seemed useful to mitigate flooding flow as well, but
the height of embankment are not necessarily enough againstthighflooding flow. Proper
design is required. Besides, trees over the embankment seem never good to protect
embankmens, because the shaking of trees by strong wiwndakenghe embankments.

6) More resilient house against flooding should be studied.

Regarding the point 1), if regular CPP drills were
e conducted involving residential and fisherman people,
then such imprger situation could be detected in
advance. The point 3) is true of developed counties, but
the case above has much room to improve the system
with existing methodology. The point 4) may be
escapable if proper knowledge about the design of
embankments wee introduced. In this context, capacity
building is indispensable and can play a big role for
reducing disasters.

Other than tidal floods, three types of flood occur in

Fig4 Flood types in Bangladesh Bangladesh: riverine flood, heavy rainfall flood and flash

(Islam, 2010) flood (Fig.4) Quadir (D09) discusseduchflood disasters
in Bangladesh. Recently, there wengefmajor floods in

1987, 1988, 19962004and 2007 He showed a frequency analysis on flaffécted area. Islam
(2010) showed us a detailed analysis on 2007 flood. He disttiesemportance of the
combination of structural & nowstructural measures, and introduced a study for updating Dhaka
Integrated Flood Control Embankmerdupled with the Eastern Bypass Road Project. By means of
numerical flood inundation modeling, heditated the effect of the project on the reduction of flood
inundation around the Dhaka area quantitatively and necessary structures for kreatlso pointed
out the importance and needs for lodgrm flood forecasting for riverine floods. This is ayer




typical example of studies for integrated flood risk management. Such a comprehensive study
would be further promotedincluding the demonstration river basin: Megna River

Besides, every report indicated the possible adverse effect of climate charfipgod disasters.

Islam (2010) discussed climageange impacts onot only flood but also salinity intrusion (drinking
water) and drought (agriculture). These studies let to the new generation of the climate change
adaptation WG in the GEOBSVCI.

Firally, the importance of sharingeteorological and hydrological data for integrated flood and
water management in the three river basins: Ganges, Brahmaputra and Mégiy8) Most of

floods and water resources for Bangladesh come from the upstreamatrthose basins in foreign
countries. Referring to the objective of the GE@S®BCI activities, such data sharstgould be
promoted and enhanced from the perspective not only of disaster reduction and recovery but also
of the social & economic developmieof the region of South Asia.

BAY OF LGAL

Fig5 Three major river basins with big influence to Bangladesh
(Quadir, 2009)

3.1.2 Bhutan

The Major issue for water resources management in Bhutan is flood management caused by GLOF

(Glacier Lake Outburst Flood), hgaainfallinduced flash flood, and/or landslide burst flood. To
cope with this issue, Chhophel(2007) indicated capacity building needs and the concept of the
demonstration project athe Punatsangchh®iver (3,263 kn). Its hydrological data during998
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and 2009 are already shared on the DIAS. Chhophel (2010) reported the existence of many projectg
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related to flood/waterresources management and climate change, and their priority ranking.
Substantial progress report on the demonstration proje@ypected.

3.1.3 Cambodia

Cambodia is located in the upstream area of the Mekong River Delta. Therefore, Cambodia has
suffered from seasonal floddom the Mekong River every year. If the flood is too big, then the
flood causes flood disasters, as sé2000 flood. However, if th@easonaflood is too little, then

this causes drought, since the flooding water is water resource for agriculture, fisloengstic

water, navigationetc., especially in the area surrounding the Tonle Sap Lakere sonetimes
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happens flash floods in the tributaries of the Mekong River, induced by heavy monsoon rainfall
and/or typhoons, which have often caused flood disastést exampleSaravuth (2010) reported
the damage of flood disasters caused by the Typhoonakais 2009 came up withhe direct
damage cost to water management and irrigatiaf§D 2.779 milligrthe indirect losses, which
involve from farmer water user argklling fish in the reservoidSD 0.013 milligrand thetotal
damage and lossdhus reatied USD 2.792 milligjonly for water secto). Therefore, flood
forecasting is very important not only for disaster mitigation but also for planning agricultural
activities such as seeding, harvesting, and all the other walated life in Cambodia.

Saravuth et al.(2009nade a report on the historical evolution of meteorological and hydrological
observational network in Cambodia. Due to the civil war in ®#Bere are almost no data during
the period. After the middle of 1990 Qystematic dataollection has been enhanced. He reported
102 stations are in operation as of December 2006. The Mekimeg Rommission (MRC) is now
enhancing reatime waterlevel data networkusing the GSM telephor{@ stations in Cambodia).
The Department of Hydfogy and River Works (DHRW) of the Ministry of Water Resources and
Meteorology (MOWRAM) is now getting near rade hydrologic data from 10 stations through
telephone and sending flood forecasting information to mass media and 40 agencies/villages.
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Fig6 Proposed water resoues management systeaoupled with GEOSS data
(Monichothet al., 2010)

Maonichoth et al.{2010) introduced a study to make a prototype for stdtthe-art water-resource
management using global andditu observational data coupliewith meteorological and

hydrological modelgig6). The target area is just the demonstration basin: Sangker River basin
(2961 kn?). They installed an automatic weather station to measure not only meteorological but
also soilmoisture data. By couplinlandsurface model with remotelgensed soil moisture data

using microwave radiometric data (AMSR) and/or synthetic aperture radar (SAR) data, they
produced a dataset for areal sa@iloisture for the target area. They are going to manage agricultural




