
Sentinel Asia Flood WG
R t R t A ti iti- Report on Recent Activities
and Directions for Step 3 -

Yoichi IWAMI

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

(ICHARM)(ICHARM)

1st JPTM for Sentinel Asia STEP 31 JPTM for Sentinel Asia STEP 3
November 27-29, 2013, Bangkok, Thailand











2013 Philippinespp

The International Charter (UNOSAT) e te at o a C a te (U OS )
http://www.disasterscharter.org/web/charter/activati
on_details?p_r_p_1415474252_assetId=ACT-466

Destruction in Dulag Town, 
Leyte Province by 
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Objective of Flood WG in Sentinel 
Asia (Step 1 & 2)

• To contribute to the mitigation of flood disasters 
in Asia through:in Asia through:
– utilizing satellite, GIS and information network 

technologies combined with in situ datatechnologies, combined with in-situ data,
– enhancing the development of the basis for sharing 

information on flood risks and disasters amonginformation on flood risks and disasters among 
national and international organization in relation to 
flood management,g

– and realizing the above development and information 
sharing on the basis of Sentinel Asia network system



Outcome of Flood WG
(STEP 1 FY2006-2007)(STEP 1, FY2006-2007)

• Emergency ALOS-image delivery for flood disaster monitoring 
through the ADRC gateway supported by JAXA ADRCthrough the ADRC gateway - supported by JAXA-ADRC

• Global cloud cover image and its overlay on Digital Asia
– Provided by Japan Meteorological Agency (JMA)Provided by Japan Meteorological Agency (JMA)

• Global satellite-based daily rainfall map & heavy rainfall 
identification and its overlay on Digital Asia
– Provided by IFNet (International Flood Network)

= “GFAS” (Global Flood Alert System) based on NASA-3B42RT
• Global flood identification using AMSR E• Global flood identification using AMSR-E 

– Linked with Dartmouth Flood Observatory
= “Satellite Water Watch” on the basis of AMSR-E

• Mini-projects for flood disaster management using satellitte
and GIS databases

Conducted by JAXA and AIT– Conducted by JAXA and AIT
Those are most fundamental data for flood management.



Outcome of Flood WG
(STEP 2 FY2008-2012)

1. Enhancement of rainfall information
1) Global satellite based hourly/10km grid rainfall mapping based on

(STEP 2, FY2008-2012)

1) Global satellite-based hourly/10km-grid rainfall mapping based on 
microwave radiometers = GSMaP_nRT (JAXA)

2. Enhancement of flood / inundation forecasting systemg y
1) IFAS (Integrated Flood Analysis System) applications with satellite-

based / ground gauged rainfall and global GIS (ICHARM)
- APRSAF-IFAS Seminars = 1st: Myanmar (2010), 2nd: India (2011)
- MAHASRI-IFAS Seminar = Vietnam (2011)

UNESCO IFAS Seminar = 1st: Vietnam (2012) 2nd: Indonesia (plan)- UNESCO-IFAS Seminar = 1st: Vietnam (2012), 2nd: Indonesia (plan)  
- IFAS-based flood warning system = Bengawan Solo River (Indonesia / 
ADB), Indus River (Pakistan / UNESCO), Kelantan & Dungun Rivers 
(Malaysia / JICA-JST), 732 trainees from 43 countries until 2012

2) RRI (Rainfall-Runoff-Inundation) model applications with satellite-
based DEM and global GIS (ICHARM)based DEM and global GIS (ICHARM)
- Chao Phraya River Flood in 2011 Mapping and Forecasting 
- RRI-based flooding simulation system  = Thailand, Philippines 



http://gfas.internationalfloodnetwork.org/gfas-web/

GFAS(Global Flood Alert System) - Rainfall
http://gfas.internationalfloodnetwork.org/gfas web/

RealReal--time Rainfall Map time Rainfall Map (every 3 hour)(every 3 hour)Heavy rainfall identification  alert

PrePre--analyzed rainfall distribution analyzed rainfall distribution 
exceeding 5 or 10exceeding 5 or 10--year return periodyear return period

RealReal--time estimation of rainfall areas time estimation of rainfall areas 
Exceeding 10Exceeding 10-- (or 5(or 5--) Year Return Period ) Year Return Period 



I t t llit i f llGl b l d t t h
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Integrated Flood Analysis System (IFAS)
GFAS – Stream flow”, basin by basin

Import satellite rainfall 
/ ground-gauged data

Global data: topography, 
soils, land use and so on

Courtesy of JAXA

Run-off analysis by PWRI 
distributed tank model

Output: River discharge, 
Water level
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River course
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Evacuate from dangerous areas

management 
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2010 Pakistan flood 
29 J l

UNESCO Project (2 years: 2012-14)
Strategic Strengthening of Flood 
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Algorithm for selfAlgorithm for self--correction of satellitecorrection of satellite--based rainfall based rainfall datadata
by ICHARMby ICHARM

Rain event with slow movement of a rainy area 
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Point of consider: Point of consider: Difference of frequency of Difference of frequency of 
Microwave (MWR) observation
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Successful case : Sendai river Unsuccessful case : Kikuchi river
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- MWR obs. is once a few hours on average, but not always 
guaranteed.

-During no MWR period, rainfall field is transferred by IR-
based motion vector.Image Source : JAXA



Global Precipitation Measurement (GPM) 
Current Observation System:Current Observation System:

Core Satellite

Current Observation System: Current Observation System: 
TRMMTRMM and and other orbital Satellitesother orbital Satellites, and , and 5 Geostationary Satellites5 Geostationary Satellites

Core Satellite
Dual Frequency Radar
Multi Frequency Radiometer

Observation of rainfall with more

8 Constellation 
Satellites
S t llit ith MiObservation of rainfall with more 

accurate and higher resolution

Adjustment of data from 
constellation satellites

Satellites with Micro-wave 
Radiometers

More frequent Observation

JAXA (Japan)JAXA (Japan)
Dual frequency Radar, RocketDual frequency Radar, Rocket

NASA(US)NASA(US)
Satellite Bus MicroSatellite Bus Micro wavewave

Cooperation Cooperation ：：
NOAA(US),NASA(US),ESA(EU), NOAA(US),NASA(US),ESA(EU), 
China, Korea and othersChina, Korea and others

Satellite Bus, MicroSatellite Bus, Micro--wave wave 
gauging measurementgauging measurement

•IWRM
•Flood Forecasting

–Earth heating Phenomena
St d f Cli t Ch Global Observation 

every 3 hours

Flood Forecasting
•Forecasting of crop
productivity

–Study of Climate Change
–Improvement of
forecasting system



20120101-20120930 Jun
Magome

Rainfall

GSMaP/JAXA

River 
di hdischarge

Jun Magome, 2012

 version Flood preparedness for all



Observation of land elevation
Modification method to get more accurate elevation 

Original PRISM 
DSM
(12km×12km)

data using satellite observation product (PRISM DSM)

Original PRISM DSM(2km×2km) 
Including noise                        

Modified PRISM DSM(2km×2km)
Only structures are remained.
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After removing structures, making moving average of DSM in plain area and 
compound the modified DSM by GPS with structures again



Detection of inundation area by using satellite data

Ａ

Verification of 
MLSWI (Modified
L d S fＢ

Ｃ
Ｄ

Land Surface 
Water Index) 
with field survey

ⅰ

y

RR1ⅰ

ⅱ
E

NIRSWIR

NIRSWIR

RR  1
RR1    MLSWI






E R: reflection rate
NIR： near infrared rays
SWIR： Short wavelength 
infrared 

Inundation areas were detected by MLSWI from MODIS datay
（2011/11/17-24） and compared with observation of field survey (2011/11/23-29）



13 Oct, 2011 by MODIS

5m
Simulation on

Oct 18, 2011 by ICHARM

Emergency 
inundation 
Simulation 5mOct 18, 2011 by ICHARMSimulation 

in Chao 
Phraya

river basin

Sayama’s RRI (Rainfall -
Runoff - Inundation) 

d l b i t llit

river basin 
in Thailand 

as of Oct.14, 
2011 model by using satellite 

data (3B42RT)
Nakhon Sawan

2011

Ayutthaya

1 : July 2
Bangkok

1 : July 2
31 : Aug 1
62 : Sep 1
92 : Oct 1
123 : Nov 1

20
152 : Nov 30

0m



Objective of Flood WG in Sentinel Asia 
for STEP3 (2013 ～)

• To contribute to the mitigation of flood disasters 
in Asia through:in Asia through:
– Developing necessary scientific & engineering 

information for understanding flood hazards / risksinformation for understanding flood hazards / risks 
with full utilization of satellite, GIS and information 
network technologies, combined with in-situ dataet o tec o og es, co b ed t s tu data

– Enhancing the provision and usage of such innovative 
information for sound decision-making in all the g
stages of “flood risk management cycle”

– Sharing such experiences and achievements in Asia 
on the basis of Sentinel Asia network system



Concept of Flood Monitoring in Sentinel Asia

Coupling with 
Global / In-situRainfall

M it i

Observation Processing Integration

Rainfall
Measurement ・Rainfall ・Precipitation Map

Areal Rainfall Estimation
Runoff and Inundation Global / In situ

Data
- Social Economic Data
- Land-use/cover Data

Monitoring
&

Flood
Forecasting

Measurement
from Satellites

Data ・Heavy Rainfall Estimation

・Flood Forecasting  and
Warning

・Probable Rainfall Map

Runoff and Inundation
Analysis

GSM P*1 GFAS*2 IFAS*3 RRI*4

- Heavy Rainfall Alert
- Real-time Flood 

Inundation Monitoring
- Precipitation andFlood L d

Probable Rainfall Map

・Identification of 
Fl d A d

Fine DEM GenerationLand

TRMM, GPM, AMSR-E... GSMaP*1, GFAS*2, IFAS*3, RRI*4

- Precipitation and 
Flood Inundation
on Web GIS

- Flood Alert for
Specific River 
Basins
Fl d Ri k M

Flood
Detection

&
Situation
Analysis

・Land
Image

Flood-prone Area and 
Flooding  Frequency

• Flood Hazard Map

Flooding Area DetectionObservation
from Satellites

JAXA ICHARM - Flood Risk Map
- Flood disaster
damage map

- Evacuation map

Analysis

U

ALOS, MODIS, AMSR-E....
JAXA, ICHARM, 
Dartmouth University...

Creating and Sharing 
Information for Flood Management

Disaster 
Management 
Organizations

Residents in 
Flood-prone 

Area

・Planning
・Warning

E ac ation

Users

*1 GSMaP = GSMaP_nRT
N R l ti Gl b l S t llit b d M f P i it ti (b JAXA)

Information for Flood Management
In all Stages of Flood Disaster

OrganizationsArea ・Evacuation
・Rescue
・Remediation

= Near Real-time Global Satellite-based Map of Precipitation (by JAXA)
*2 GFAS  = GFAS-Rainfall 

= Global Flood Alert System – Heavy Rainfall Alert (by IFNet)
*3 IFAS = Integrated Flood Analysis System 

for the implementation of the concept of GFAS-Streamflow (by ICHARM)
*4 RRI = Rainfall-Runoff-Inundation model  (by ICHARM)



The combined use of remote sensing / GIS 
with hydrologic / hydraulic simulation technology 

Proactive measure Post measure

y g y gy
will contribute to all the stages of flood risk management cycle

応急対応応急対応応急対応応急対応

Proactive measure Post measure

Mitigation Disaster Response
O ti応急対応応急対応

水防活動水防活動
情報伝達・共有情報伝達・共有
洪水警報・避難勧告洪水警報・避難勧告
救出・救助・救援救出・救助・救援

応急対応応急対応
水防活動水防活動
情報伝達・共有情報伝達・共有
洪水警報・避難勧告洪水警報・避難勧告
救出・救助・救援救出・救助・救援

g
Flood Hazard Map
Flood Forecasting and warning
Flood insurance
Levee protection (flood drill)

Operations
Levee protection 
Information transmission and share
Flood warning and evacuation order

避難所開設避難所開設避難所開設避難所開設
p ( )

Water-resistant house
Flood warning and evacuation order
Rescue and  relief
Provision of shelter

I t t d Fl d M t

被害抑止被害抑止 復旧・復興復旧・復興
災害復災害復

被害抑止被害抑止 復旧・復興復旧・復興
災害復災害復

Disaster Recovery andDisaster Prevention and

Integrated Flood Management

被害抑止被害抑止
河川改修河川改修
堤防整備・強化堤防整備・強化
洪水調節施設整備洪水調節施設整備
氾濫許容地域の設定氾濫許容地域の設定

災害復旧災害復旧
防疫対策防疫対策
住宅再建住宅再建
被災原因究明被災原因究明
教訓の整理・伝承教訓の整理・伝承

被害抑止被害抑止
河川改修河川改修
堤防整備・強化堤防整備・強化
洪水調節施設整備洪水調節施設整備
氾濫許容地域の設定氾濫許容地域の設定

災害復旧災害復旧
防疫対策防疫対策
住宅再建住宅再建
被災原因究明被災原因究明
教訓の整理・伝承教訓の整理・伝承

y
Reconstruction
Disaster rehabilitation
Epidemic prevention

preparedness
River improvement, Levee construction
Construction of flood control structures

宅地かさ上げ宅地かさ上げ
教訓の整理・伝承教訓の整理・伝承

宅地かさ上げ宅地かさ上げ
教訓の整理・伝承教訓の整理・伝承Rebuilding homes

Investigation into the cause of disaster
Record the lessons

Designation of flood prone / allowed areas
Urban plan with land use zoning / spatial management
Raise the height of housing lot



JICA Training program
"2013 C it D l t f Fl d Ri k M t"2013 Capacity Development for Flood Risk Management 
with IFAS“  by using satellite-based rainfall data
f 9 J l t 6 A t 2013from 9 July to 6 August 2013 
at ICHARM in Tsukuba, Japan

16 participants from   6 
countries (Philippine, 
Thailand, Viet Nam, , ,
Bangladesh, Kenya, 
Nigeria) 

Case studies:
Solo river and three 

other river basins



IFAS Training for ASEAN countries
“C it D l t f I di t A d Eff ti“Capacity Development for Immediate Access and Effective  
Utilization of Satellite Information for Disaster Management” 

S t b 9 12 2013 t th AHA C t (on September 9-12, 2013 at the AHA Centre (ASEAN Coordinating 

Centre for Humanitarian Assistance on Disaster Management) in Jakarta

18 participants from 10 
countriescountries 
(Singapore, Brunei,   
Cambodia, Indonesia, 
Laos Malaysia MyanmarLaos, Malaysia, Myanmar, 
the Philippines, Thailand 
and Vietnam)

Case studies:
Solo river  (Indonesia)
Cagayan r. (Philippines)g y ( pp )
Chindwin r. (Myanmar)



We are looking forward to:
o r acti e trials & st dies to manage flood risk- your active trials & studies to manage flood risk    

and to mitigate flood disasters using opportunities
available through Sentinel Asia andavailable through Sentinel Asia, and  

- your proposals to improve activities of Flood WG.your proposals to improve activities of Flood WG.

Thank you for your cooperation!Thank you for your cooperation!

For IFAS free download: 
http://www.icharm.pwri.go.jp/research/ifas/index.htmlhttp://www.icharm.pwri.go.jp/research/ifas/index.html





RRI (Rainfall – Runoff – Inundation) model

Subsurface flow

River, slope interactions

2D, Diffusion Wave

Infiltration flow (Dr. Sayama)

- Calculating stream flow and inundation water depth together

- 2D diffusion wave model (slope)

- For large scale with relatively finer grid scale (~ 500 x 500 km with 500 x 500 m)

- Should be more suitable to relatively flat regions, where flow directions cannot be 

28
determined by topography (where flow directions cannot be determined by DEM only)

- Maybe useful for flood risk assessment that requires inundation depths information.


