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●Aerial Photograph: swathwidth 1~2km, spatial resolution 30cm
●US Commercial Satellite Ikonos: swathwidth 11km, spatial resolution 1m
●ALOS: swathwidth 70km, spatial resolution 2.5m (PAN), 10m (MS)
●ALOS has capability of wide field of view, high resolution mapping in 1/25,000
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Comparison of Satellite Images
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SAR observation for rainy / cloudy condition

■ SAR satellites provide earth surface information in all weather conditions, 
even in the rainy season in Thailand.

■ SAR satellites will make a remarkable contribution to address social and 
economic needs in Thailand, 

especially in fields of:
         - Rice crop monitoring, 
         - Disaster monitoring, including floods, earthquake, and tsunami,    
         - Costal monitoring.

- A clear land surface image is obtained with SAR 
satellite observation under cloudy weather. 

Earth System 
Models
 ・Oceans
 ・Cryosphere
 ・Land
 ・Atmosphere
 ・Solid Earth
 ・Biosphere

Decision 
Support

・Assessment
・Decision Support 
Systems

Observations

Ongoing feedback to optimize value, reduce gaps, 
and account for human activity

GEOSS

Standards & 
Interoperability

Management 
Decisions

Policy          
Decisions    Prediction and 

Analysis
High Performance 
Computing;
Communication
Visualization

Other Data 
Sources
Socio-economic data

Earth Observation 
Systems
・In Situ
・Airborne
・Space-based

GEOSS
(Global Earth Observation System of  Systems)

Disasters

Energy Climate WaterHealth Weather
Ecosystems Agriculture

Biodiversity

9 Societal Benefit Areas

Assimilation

EEEEEEE 6

History of Space Cooperation between Thailand and Japan

 Thailand and Japan has been cooperating in Space Development and Space 
Applications very closely and successfully for more than 25 years.

MOS-1 Receiving Station at Lad Krabang (1986-)
HRH Princess Sirindhorn’s visit to Earth Observation Center 
(EOC) of NASDA (at present JAXA) (1993). Grow up of the 
dogwood “Hanamizuki” tree HRH Princess planted 

 The Agreement between the National Space Development Agency of Japan and the Geo-Informatics 
and Space Technology Development Agency of  Thailand Concerning the Cooperation in the Field of 
Earth Observation and Satellite Application (Mar. 2001 -)

 Arrangement between Japan Aerospace Exploration Agency and Geo-Informatics and Space Technology 
Development Agency Concerning the Utilization of ALOS Archived Data for Scientific and Research 
Purposes (Oct. 2011 -)

 Implementation Plan Between Japan Aerospace Exploration Agency and Geo-Informatics and Space 
technology Development Agency concerning Personnel Exchange for the STAR Program (Feb. 2009 -)

 Memorandum of Agreement between the Japan Aerospace Exploration Agency and the Geo-
Informatics and Space Technology Development Agency on the Utilization on WINDS User Terminal for 
WINDS Experimentand Reference Carrier Operation (Dec. 2011 -)



Common issues solved by satellite applications

 Thailand and Japan have common issues which can be solved by satellite 
applications.

(1) Rice crop monitoring
(2) Flood prediction
(3) Coastal monitoring
(4) Subsidence
(5) Disaster Monitoring

 GISTDA and JAXA have been jointly working to solve common 
issues by satellite applications through holding GISTDA-JAXA 
workshops with Thai stakeholders including RID, OAE, etc. 

- 9 -

Combination of Satellite imageries of SAR, etc. enables 
country-wide estimation/forecast of Crop Yield

Rice Crop

-Identifying the cultivated area size 
and estimating the rice crop yield.

-Operating “The Thai Rice Crop Yield 
System” using SAR and GIS data. 

Irrigated paddy  field with 
SAR

Transplanting Season Growing Season Paddy Field Classification Result

The data were created for the project of the Ministry of Agriculture, 
Forestry and Fisheries (MAFF) of Japan. 
Project: “Name: Feasibility Study for Wet Paddy Fields using satellite data” 
and JAXA-GISTDA collaborationWater-dark Vegetation-bright

Monitoring Crop Yield

 Each Sample Area was classified into crop growth stages based on the visual 
interpretation of photos.

Rice crop growing stage classification using SAR

 New airborne L-band SAR (Pi-SAR-L2) detected rice crop growing stage with polarmetric obsevation . 
Pi-SAR-L2  has three meter spatial resolution. ALOS-2 will install a L-band SAR with same resolution as 
Pi-SAR-L2 and much wider swath than Pi-SAR-L2.

Rice crop monitoring

1127

Temperature
Humidity
Wind speed

27

JAXA
Satellite data Product

TMD
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Get the data every day
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Calculate the yield 
per unit each mesh

Yield per unit information estimation with model
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Procedure of rice crop yield estimation
by acreage and yield per unit
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Acreage

*

Yield per unit

Yield

696,258
[ton]
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Flood damage assessment 
Suphanburi observation by Pi-SAR-L during 2011 Thai flood 
with 3m resolution 27 September 2011 8 November 2011

HH:HV:VV = R:G:B

(automatic data 
collection system)

[Courtesy Prof. Mizoguchi, U.Tokyo]

Space Technology in Flood Management

Preparation
Phase

Mitigation
Phase

Response
Phase

Recovery
Phase

Risk Assessment Urban and 
Regional Planning

Flood Area Detection
Flood Forecast

Evacuation

Reconstruction
Compensation

• Damaged area
• Water-level decrease 

• Flood area detection
• Water volume estimation 

• Historical inundated area database
• Topographic data
• Rain and weather information
• River GIS

- Combination of optical and radar sensors helps -
(ASTER, SAR and Pi-SAR-L)

How should flooding be monitored?

   
ASTER/TERRA by METI/ERSDAC

Precious inundation monitoring for  Ayuthaya – Bangkok with 10m and 
hand them to provide GISTDA 



衛星データアーカイブ、地形情報、モデルなどとの統合利用による氾
濫進展把握からシナリオ予測へ
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Flood Area Mapping by SAR Data in Response Phase
- Thailand Flood Monitoring in 2011  -

• RADARSAT data analyzed by GISTDA 
(Geo-Informatics and Space Technology Development Agency )

• Monitoring over the Bangkok metropolitan area （100x100km）every few days
• Provision of time-series inundation maps 

Flood Monitoring by RADAR  
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RADAR is all-weather sensor and useful for identifying flooded 
area.

Pi-SAR-L2

- Almost completed
- Same spatial resolution with 
  ALOS2/PALSAR-2
- Observation results will be 
  utilized for ALOS-2 data 
  analysis.  

ALOS2/PALSAR-2

- launched in 2013
- Improved sensor compared
  with ALOS PALSAR
- Wider swath compared with 
  Pi-SAR-L2

 

2. Flood monitoring

 Airborne L-band SAR (Pi-SAR) detected flooded area with dark color (black and blue) in Nakhon 
Sawan province in September 24, 2011. 
 Pi-SAR has three meter spatial resolution. ALOS-2 will install a L-band SAR with same resolution as Pi-
SAR and much wider swath than Pi-SAR. 19



- High resolution sensor helps estimating expansion/recession of floods -

Calculating Total Flood Area

Pi-SAR-L by JAXA

Precious inundation area change monitoring for  downtown Bangkok  with 3m all 
weather active radar (Pi-SAR-L) and hand them to GISTDA
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Hi-tech Industrial estate 2011/11/05

Provision of Timely Information on Flood Area
（When, Where and How much?）

航空機レーダによる冠水の面積と地形データとの組み合わせによる水量の変化把握

Provision of Timely Information on Flood Area
（When, Where and How much?）

Hi-tech Industrial estate 2011/11/27

Space Application in Recovery Phase

被災後の現地の情報が得にくい、水が引いた直後の構造物の変化状況を提供
 どこまで水が引いているかという状況とともに、復興のための計画立案作り、被害

補償などに貢献
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Satellite-based Global Rainfall Map in Near Real Time

24

Typhoon MORAKOT (09W): Aug. 5 – 10, 2009 (Big impact in Chinese Taipei)

• Global rainfall map merging TRMM, AMSR-E and
other satellite information

• Available 4-hour after observation, hourly update
• 0.1-degree latitude/longitude grid

http://sharaku.eorc.jaxa.jp/GSMaP/ 24
24 

Knowing difference between last year and this year to avoid mistakes
- Comparing basin-wide rainfall is the key -

Administrative Boundary Precipitation Info.
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流域雨量・地域雨量自動配信システム

タイ
東北部

タイ
北部

タイ
中部

タイ
南部

流域雨量・地域雨量自動配信システム

Details (Historical Situation)

Summary (Current Situation)

• Every Tambon are maintained.
• Accumulated (1H, 6H, 1-3D, 1W, 1M) precipitation rate
  and statistics can be browse on the WEB.
• Data (Precipitation & Statistics, gird basis and Shp. Files) is downloadable.

What happens to flood managers in emergency

Local DataGlobal Data System

Time Shortage;
Changing
situation;
Multiple tasks;
Many inquiries…

Accurate forecast;
Timely warning; 
Advice to 
communities…

Flood forecast
Warning

Expectation
Pressure

Simple, easy flood forecast system is 
needed



Integrated Flood Analysis System (IFAS)
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Courtesy of JAXA

Satellite based Rainfall data 

Run-off analysis by IFAS

Reaching
warning level

Receiving alert

Evacuation

SMS message

via Cellular-phone provider

How IFAS works…
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Satellite-based rainfall data
+ local data(Ground rainfall)

Global GIS data
Elevation data, Land use data, etc.

Model creation
Processing by IFAS

Forecasting flood discharge

Run-off analysisData input Output

Image Source : JAXA

Retrieving Satellite Data

Operating dams wisely

Beware, drought and flood are both sides of the same coin

• Lowering reservoir water level too much is risky

• Operate dams using satellite-based weather forecast and wetness of land 

 Dam Operation -Bhumibol Dam 
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Camera
(THEOS, ASNARO, 

ASTER, ALOS3)
GCOM, GPM

RainAirborne

Ground Obs.

Data Pooling, 
Integration

and Analysis 
System

Valuable
Information

Integrated Water 
Resources 

management

Satellite
Observation 
Data

In-situ
Observation 
Data

orne

Regional / International framework to use multiple
satellites for natural disaster monitoring
• APRSAF ‘Sentinel Asia / International Disaster

charter
• ASEAN ‘Disaster Management Network for the

ASEAN region’ initiative proposed by Japan

Constellation of Satellites to help IWRM 
Radar 

(ALOS2, ASNARO2, 
THEOS2

Flood

cloud

Forest

cloud

Drought
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An idea of IWRM in Thailand

Integrated Water 
Resource Management

Disaster related 
information
providers / 
operators

(government
organizations)

Single Command Authority

Water resource 
Stakeholders

III
R

Chain of command in emergency

Disaster information
Recovering information

- Data collection and 
dissemination
- Data analysis
- Information derive to 
support decision-
making

formation
information

Disaster information
Recovering information

Disaster information
Recovering information
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-Monitoring deforestation by 
SAR
-About 1,200 km² deforestation 
in northern part of Thailand 
(upstream of Chao Phraya river 
basin) is monitored since 2007.

Forest Conservation

Monitoring illegal logging 
(A case in Brazil)

Forest Conservation

Detecting illegal logging of 
forest in Brazil / Amazon 
-Forest data at 100m 
resolution is distributed every 
10 days

- 34 -

-Detecting coastline changes over years 
with SAR and optical data.

-Monitoring coastal accretion and 
erosion of Thailand.

-Operating “The Thai Coastal Change 
Monitoring System” with satellite 
imageries.

(c) PASCO

Coastal Erosion

erosion process) in the Gulf and 
Phuket of Thailand detected by 
SAR

-Monitoring the subsidence by InSAR 
method.

-The study shows slight land change 
(subsidence) in Bangkok, Gulf of 
Thailand area and Phuket.

Subsidence

20km 10km20km

Analysis by GSI from ALOS raw data of JAXA, METI

Monitoring Land 

Analyzed by GSI Japan

Subsidence

About 5.9 – 8.3 cm  subsidence is detected in coast neighborhood and the suburbs of Bangkok within 
a few months (August – October, 2008) by using ALOS PALSAR data.

around Bangkok

35



THEOS data Utilization of Flood area by Tsunami caused by the Great East 
Japan Earthquake

Before the Earthquake taken by “DAICHI” (ALOS) 
on Dec. 4 2008

3 days after the Earthquake taken by THEOS on 
Mar 14. 2011

A comparison between images before and three days after the Earthquake 
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Disaster monitoring Disaster monitoring

ALOS data utilization for disaster monitoring in the 
Great East Japan Earthquake (March 11, 2011)

    

Hakodate

Aomori

Akita

Morioka

Sendai

Fukushima

Mito

Tokyo

Epicenter 
(M9.0)

PALSAR interferogram indicating crustal deformation (Mar. 20, 2011)

Water-covered area by Tsunami

Before (Feb. 27)

Rikuzen-Takada City

After (Mar. 14,2011)

Before (Nov. 6, 2010)

Observed by AVNIR-2

rea by Tsuy unTsu
Before 
(Feb. 27, 2011)

Water cer c
After 
(Mar. 14, 2011)

Bird’s-eye view over Rikuzen-
Takada CIty

□

Made from AVNIR-2 using digital 
elevation model derived by PRISM
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ALOS 
(Optical & SAR)

(2006～2011)

ALOS-2 (SAR) (Launch: JFY2013)

ALOS-3 (Optical) (Launch: JFY2016)

ALOS Series
 Wide-swath and high-resolution data of ALOS series will contribute to public safety, land 

management, assurance of food/resource/energy, solution of global environment issues

 Promoting public-private partnership, since its data has commercial value

 Panchromatic imager with wide-swath 
   (50km) and high-resolution (0.8m) 
 obtain global 3D geospatial information

• Wide-swath (Max 490km), 
High-resolution (1-3m)

• L-band SAR (PALSAR-2)

ALOS
(Optical & SAR)

ALOS-2 (SAR)

2006 2011 JFY2013 JFY2015

ALOS-3 (Optical )
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Target Sensors 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Disaster/
Resource

SAR

Optical

Climate
Change/

Water 
Cycle

Global
Warming

Precipitation
Radar

Microwave 
Radiometer

Optical Sensor

Cloud Radar

Spectrometer

Communi
-cation

Mobile 
Communication

Wideband 
Internetworking

Data Relay

Navigatio
n Quasi-zenith ResearchOperation

GPM/DPR

GCOM-C/ SGLI

GCOM-W/ AMSR2

Development

GOSAT-2

EarthCARE/CPR

G

TRMM/PR

Aqua/AMSR-E

GOSAT

GC

ETS-VIII

JFY

WINDS

DRTS DRTS Follow-
on

Next-
generation

QZSS

JAXA’s Mid-Term Plan

ALOS-3 （Optical）

ALOS-2 (SAR)
PALSAR

PRISM, AVNIR2 (Optical) 
ALOS

A
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Flood Risk Management

International Center for Water Hazard and Risk Management 
(ICHARM)

Shigenobu Tanaka and Takahiro Sayama

Outline

• Introduction of ICHARM

• Japanese Flood Forecasting and Evacuation

• RRI Model for the Chao Phraya River Basin

• Possibility of Rainfall‐Runoff‐Inundation Forecasting

• Simulation of 2011 Thai Floods

• Long‐term Simulation and Climate Change Impact

Flood forecasting by MLIT local office

計画高水位
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Observation of precipitation data 
Collection of precipitation data as well as 

that in upper river basin area

Every one hour, MLIT local office forecast the 
water level up to 3 hours later.

Design high water level
Flood warning level
Flood  advisory level

Flood watch level Actual water level 

Predicted water level Flood fighters stand-by 
level

Sent to MLIT 
local office 
by telemetry 
system

MLIT local 
office
calculates
and
forecasts the 
water level

雨量観測所

レーダ観測局

監視カメラ

水位観測所

Communication system in flood

地方事務所
Local Office of Government

Evacuation

洪水ハザードマップ
Flood Hazard Map

Information of River
河川情報提供

サイレン Siren

水防活動
Flood Fighting

Evacuation Recommendation / 
Order

避難勧告・指示

Water Level 
Observatory 

Rainfall
Observatory 

Radar

Surveillance
camera

Communication system during flood

Precipitation



Concept of Early Warning (General case)
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Water level

Earlier forecasting 
can be realized!!
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Acts related flood countermeasures

To protect life of the people is mandated by municipalities (City, Town and Villege). The nation and
prefectures are in the position to support them. Ministerial departments and prefectures are
responsible for elaborating their own disaster management plans, provided these are in line with the
Basic Disaster Management Plan. Likewise, municipalities develop their plans in line with their
corresponding prefecture’s plan

Disaster Countermeasures Basic Act (1961)

This is at the core of flood control legislation.
This law is to reorganize the role of the river administrations and to change the conventional section-
by-section river management into a more integrated approach. It was then amended in 1997 to take
into account economic and social changes, to emphasize the need for sound river environments, and
to incorporate the opinions of local residents through river improvement planning systems. the River
Law is for specifically on flood prevention structural measures. This law is in charge by MLIT.

River Act (1964, 1997)

Focuses on flood-fighting activities at the local level in reaction to flood events. 
Municipalities that include potential flood areas are required by revised law to prepare and disseminate 
flood hazard maps on the basis of maps of flood-prone areas created by the MLIT and the prefectures. 

Flood-fighting Act (1949, 2005)

Reference: OECD REVIEWS OF RISK MANAGEMENT POLICIES Japan 
2009

Content of Local disaster management plan (Hanyu City)
Part 1: General Provisions, Etc.

Chapter 1: Overview of Hanyu City Regional Disaster Prevention Plan
Chapter 2: Organizations Related to Disaster Prevention

Part 2: Earthquake Disaster Response
Chapter 1: Earthquake Disaster Prevention 
Chapter 2: Emergency Earthquake Disaster Response Plan
Chapter 3: Earthquake Disaster Restoration and Recovery Response Plan
Chapter 4: Response Measures Plan to Accompany Tokai Earthquake Warning Declaration

Part 3: Wind and Flood Damage Response
Chapter 1: Disaster Prevention Plan

Section 1: Flood Damage Prevention Plan
Section 2: Plan Regarding Establishment of Disaster Communications Network
Section 3: Plan Regarding Establishment and Inspection of Facilities and Equipment Pertaining to Disasters
Section 4: Plan Regarding Drills
Section 5: Disaster Prevention Plan
Section 6: Disaster Prevention Education Plan
Section 7: Plan Regarding Emlightenment of Disaster Prevention Knowledge
Section 8: Disaster Prevention Activities Outpost Plan
Section 9: Evacuation Plan
Section 10: Stockpiling of Supplies, Equipment and Materials
Section 11: Establishing Medical Treatment Network, Etc.
Section 12: Hydrological Data Acquisition Plan
Section 13: Matters Regarding Disaster Prevention Measures for Schools, Hospitals, Factories, Offices, Commercial Facilities, Etc.
Section 14: Disaster-Preventive Urban Development Plan
Section 15: Matters Regarding Disaster Prevention Measures for Cultural Assets
Section 16: Establishment Plan Network for Ensuring Safety of Necessary Relief Parties in Time of Disaster
Section 17: Large-Scale Disaster Prevention Plan

7 8

Chapter 2: Emergency Disaster Response Plan

Section 1: Mobilization Plan

Section 2: Emergency Activities Plan

Section 3: Disaster Information Communications Plan

Section 4: Disaster Public Relations Plan

Section 5: Evacuation Plan

Section 6: Applicable Plan under Disaster Relief Act

Section 7: Food Supply Plan

Section 8: Supply Plan for Clothing, Daily Essentials and Other Supplies

Section 9: Water Supply Plan

Section 10: Emergency Medical Treatment and Midwifery Care Plan

Section 11: Plan for Placement of Emergency Provisional Housing and Emergency Repairs for Disaster-Affected Residences

Section 12: Epidemic Prevention Plan

Section 13: Animal Protection in Times of Disaster

Section 14: Sanitation Plan

Section 15: Plan for Searching and Rescuing Disaster Victims and Storing and Burying Remains

Section 16: Obstruction Removal Plan

Section 17: Transport Plan

Section 18: Labor Supply Plan

Section 19: Emergency Response Plan for Transportation

Section 20: Emergency Disaster Response Plan for Public and Transportation Facilities

Section 21: Response Plan for Educational and Cultural Assets

Section 22: Accepting Support

Section 23: Fire Prevention Plan

Section 24: Self-Defense Force Dispatch Request Plan

Section 25: Flood Fighting Plan

Section 26: Emergency Disaster Response Plan for Electrical Facilities

Section 27: Emergency Disaster Response Plan for Telecommunications Equipment

Section 28: Mutual Support and Cooperation Plan

Section 29: Ensuring Safety of People in Need of Aid during Disaster

Chapter 3: Disaster Restoration Plan

Content of Local disaster management plan (Hanyu City) cont’d



Situation when Issuing advices or orders Requested Actions to Residents

Advice on  preparing 
evacuation 
(evacuation advice to 
those who need 
assistance)  

• There is a need to start evacuation for 
those who need more time for 
evacuation, such as people needing 
assistance in emergency situations. 

• Those who need assistance in emergency 
situation should start evacuation to 
designated evacuation places (members 
who will assist those people should also 
start assisting) 

• Other people should start preparations 
for evacuation, such as contacting 
families, preparing disaster kits.   

Evacuation Advice

• There is a need to start evacuation for 
ordinary people and when possibility of 
human damage is clearly expected. 

• Those who can make ordinary evacuation 
actions should start evacuation to 
designated evacuation places

Evacuation Order  

• Expectation of human damage is 
apparently very high, due to the fact such 
as (1) predictive phenomena were 
observed, (2) Situations is different lining 
besides river banks, etc. 

• Human damage already reported 

• Those who are making evacuation must  
finish evacuation immediately. 

• People who have not yet evacuated 
must immediately take evacuation 
actions, when there is no time, must at 
least take any actions to protect their
own lives. 

Example of evacuation advice (order) 
system in Japan
In case of Hanyu City, Saitama prefecture

Location of Hanyu city and Kurihashi water level station of Tone River

✪Kurihashi water level stat

Tsukuba

Mt. Tsukuba

Hanyu city

Evacuation Order 

Dyke breach was reported 
* Water Level has reached 8.5m and still expected to 
rise

Evacuation 
Recommendation

* Unusual phenomenon reported on flood 
management facilities (which could cause leakage, 
dyke breach, etc.)   
* Water Level has reached 8.0m and still expected to 
rise

Advice on  preparing 
evacuation (evacuation 
advice to those who 
need assistance)  

*Water Level has reached 5.0m and still expected to 
rise

Stand-by WL 
for Flood 
Fighting
Group
2.7m

Flood
Caution WL  
5.0m

Evacuation
Advice WL
8.0m

Flood
Danger WL  
8.5m

Criteria of issuance of evacuation advice 
(order) Based on nearby WL station                     (In case of Hanyu City, 
Saitama prefecture)

Warning level2

Flood danger level

Flood danger level

Flood danger level

Flood danger level Translation into 
reference Water 
Level Station



Rate of WL rising
Warning level2

Flood danger levelEvac. Judging level

Rate of WL rising
Warning level2

Flood danger levelEvac. Judging level

Evac. Judging level

Evac. Judging level

Evac. Judging level

Rainfall‐Runoff‐Inundation Prediction
of Thailand Flood 2011

1 : July 1
31 : Aug 1
62 : Sep 1
92 : Oct 1
123 : Nov 1
152 : Nov 30

Rainfall‐Runoff‐Inundation
Prediction

of Thailand Flood 2011
(conducted on 2011/10/14)

http://www.icharm.pwri.go.jp/news/news_j/111024_thai_flood_j.html

Simulation Domain : 163,293 km2

Grid Size : 60sec (1776 x 1884  m)
Simulation Period：
2011/07/01 0:00 (UTC) – 2011/11/30 0:00 (UTC)
Input Rainfall: 
2011/07/01 0:00 (UTC) – 2011/11/8 0:00 (UTC)   

3B42RT (Satellite Based Rainfall)
(Every 3hours, Spatial Resolution: 0.25 deg)
2011/11/8 6:00 (UTC) – 2011/11/15 12:00 (UTC)

JMA‐ GSM Weekly Weather Forecasting
（Forecasting Lead Time: 8 days, Update every 12 hours）
2011/11/15 15:00 (UTC) – 2011/11/30 0:00 (UTC)
(Previous year’s 3B42RT rainfall in the same period)

Nakhon Sawan

Bangkok

Ayutthaya

W. Depth



RiverLand

Distributed R‐R Model

Flow directions change
based  on water levels

RRI Model

Flow directions are fixed
based on topography

2D Diffusion
in Catchment

Subsurface + Surface

Vertical Infiltration

1D Diffusion
in River

• Diffusion Wave Approximations
• 1D in River
• 2D in Catchment

• Subsurface flow
• Vertical Infiltration with Green‐Ampt
• Saturated Subsurface + Surface Flow

• Rectangular river cross sections
• Width, Depths, Levee heights can be

assigned for each river grid‐cells
• Over‐topping and step‐down formulae are

used to compute the interactions between
water in river and on slope

• Water depth and discharge boundary
conditions can be wet at any grid‐cell

Rainfall-Runoff-Inundation (RRI) Model

h

Infiltration : Green Ampt Model

Subsurface + Surface Vertical Infiltration

Subsurface flow and infiltration in RRI

Saturation Excess Infiltration Excess

Forecasting (Lv1) and Post Simulation (Lv2)

 No Ground Gauged Rainfall 
 No Evapotranspiration (4 mm/d)
 No Dam
 No Tidal Effects
 No Parameter Calibration
 No Detail Reflection of Cross‐Section

YES

Parameter Lv. 1
(Forecast)

Lv. 2
(Post‐Simulation)

River : n (m‐1/3s)  0.03 0.03

Slope : n (m‐1/3s) 0.3 0.35

Soil Type for
Green Ampt Model

Silty Clay Loam
(Limit: 400 mm)

Clay
(Limit: 400 mm)

Lv1 (3B42RT) Lv2 (Adjusted)



Bhumibol Dam

Sirikit Dam

Nakhon SawanChainat

Ayutthaya

Bangkok

Chao Phraya River Basin
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Forecasting Mode (Lv1) and Post Flood Simulation Mode (Lv2)

River Discharges
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Forecasting Mode (Lv1) and Post Flood Simulation Mode (Lv2)

River Water Levels

29.1 (2.4)

27.1 (3.9)

Ayutthaya

Bangkok

Nakhon Sawan

Chinat

28.5 (5.1)*

24.7 (2.6)

22.8 (2.9)

20.1 (2.8)

15.8 (4.0)

11.9 (1.8)

8.1 (2.6)

4.2 (1.7)
5.2 (1.1)

7.6 (1.5 )

3.8 (0.3)

3.7 (0.7)

4.8 (1.1)

5.6 (1.0)

Peak water levels

Red: Land, Blue: River Peak water level
(Reduced water level by the end of November )

RS

Lv1

Lv2

Sep Oct Nov

F=0.28 F=0.47 F=0.43

F=0.18 F=0.34 F=0.33

Inundation extents

F:

 Lv2 slightly under-estimates inundation extents
 Water levels in river and on floodplain become independent, becomes difficult to simulate



Inundated Area and Past Floating Rice Field

UNOSAT

RRI Model
(Lv2)

Mid-Sep

Mid-Sep

Mid-Oct

Mid-Oct

Possibility of Rainfall‐Runoff‐
Inundation Forecasting

Assessment of Countermeasures

1. if there was no flood inundation?

2. if there was dyke along the main rivers?

3. if the dams had more storage capacities?

4. if there were floodways?

What would happen… 

Simulation Cases

Ctl
(Control) Deep Dyke 5m Dyke 20m Dam Opt Floodways

2011 
Simulation

Outflow 
boundary
cond. at 
B. and S. 
dams

Deepen 
rivers by 20 
m to avoid 
inundation

Build 5m 
dyke along 
rivers
(Below P17, 
Y4, N5A)

20 m
(others are 
the same as 
Dyke 5m)

Outflow
boundary at 
B. and S. 
dams with 
constant 
disc. 
considering 
more initial 
capacity

Floodways
proposed
by Thai Gov.



What if there was no flood inundation?

 At Nakhon Sawan, peak discharge could increase up to 9,500 m3/s from 4,500 m3/s
 At Bangkok, up to 10,500 m3/s from 3,200 m3/s

What if there was dyke along rivers?

 With 5 m dyke, overtopping flood happened even in the beginning of September
 More than 10 m dyke is necessary to flow the 2011 flood water without overtopping

(which is unrealistic option in the current Chao Phraya system)
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What if the dams with more capacity?

Control : Release 2011
Dam Opt  : B. 181.5 m3/s,  S. 383.3 m3/s constant

6.0 4.8

(Background figures from Komori et al. 2012)

Discharge boundary conditions at B. and S. dams

Bhumibol Dam Sirikit Dam

 Inundation vol. : ‐ 2.4 bill m3 (Control: 19.4 bill m3)

-320 m3/s - 0.1 m

Flood control by changing the dams’ operation policy may mitigate the flooding;
however,  need to realize its limitation. It cannot solve everything

What if the dams with more capacity?



* Diverted water directly pours 
into the sea without inundation.

Floodway Plan

NakhonSawan

Chainat

BangSai

Ayutthaya

：River
：Floodway

Floodway
1,000m3/s

Floodway
1,000m3/s

Floodway
500m3/s

The simulation setting 
follows the proposal 
by the Thai Gov.

JICA M/P Project

10

11

12

13

14

15

16

17

18

19

20

July Aug Sep Oct Nov Dec

W
a
te

r 
L
e
v
e
l 
( 

m
 )

Observed Data
2011 Calc.
With Floodway

0

1

2

3

4

5

6

7

8

9

10

July Aug Sep Oct Nov Dec

W
a
te

r 
L
e
v
e
l 
( 

m
 )

Observed Data
2011 Calc.
With Floodway

-2

-1

0

1

2

3

4

5

6

7

8

July Aug Sep Oct Nov Dec

W
a
te

r 
L
e
v
e
l 
( 

m
 )

Observed Data
2011 Calc
With Floodway

1.3m
2.0m

BangSai Chainat

1.1m

Ayutthaya

Longitudinal Water Level

-15

-10

-5

0

5

10

15

20

25

30

0 50 100 150 200 250 300
Distance （ km ）

E
le

va
ti
o
n
 (

 m
 )

Observed Data
2011 Calc

With Floodway
River Bed

Floodway.1
Floodway.2
Thachin

Noi

Ayutthaya div.
PaSak junc.

Floodway.3

（Oct.14.2011）

BangSai

Chainat

Ayutthaya

Bang
Chom Sli

Nakon
Sawan

Water Level

JICA M/P Project

Area A

Area B

Area D

Area C

Inundation Depth (m)

2011 Calc.

Inundation volume in each zone
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Inundation Depth (m)

Area A

Area B

Area D

Area C

Inundation Depth (m)

Embankment
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Peak Inundation Depth

Inundation Volume A+C =
4.07 bill. m3

A+C =
1.24 bill. m3

JICA M/P Project



Summary
1. Emergency response‐type Rainfall‐Runoff‐Inundation (RRI) predictions

○ Maximum flooding extent
○ “Flooding may remain in the downstream area by the end of November”
× Overestimation of inundation water levels by about two meters ← ET
△ Inundation extent during small flooding (impact by artificial structures)

2. An example of RRI simulation to understand the Chao Phraya River system
River discharge of 2011 flood potentially increase up to 10,000 m3/s
Increasing river flow capacity is not a good idea 
(More than 10m dyke will be needed…)
Additional effect of flood control by dam reservoirs is limited 
(‐10 cm of inundated water level in Ayutthaya)
Proposed floodways have considerable effects around Ayutthaya

3. On the assessment of climate change impact
High sensitivity of flood inundation volumes to six month rainfall



Outline of FRICS

FRICS
December 19, 2012

© FRICS

FRICS

• Foundation of River & basin Integrated 
Communications

• FRICS is a non-profit private organization, 
but

• Endowment was made by all 47 prefectures 
and 10 large cities of Japan, and

• FRICS has been, is , and shall be a highly 
public body in charge of prevention and/or 
mitigation of water-related disasters.

Mission

• The Foundation aims at: 
• Collecting, processing and disseminating 

information on rivers and basins, and 
thereby 

• Reducing flood and other water-related 
damages and contributing to better and 
reasonable use of rivers.

History
• 1976 First Radar Rain gauge on Mt. Akagi (in the Tone 

River basin near Tokyo)

• 1982 Disaster caused by torrential rain in Nagasaki (1000 
km from Tokyo): Request to disclose information  gathered 
by (then) Ministry of Construction

• 1985 Establishment of the Foundation

• 1986 Commencement of information provision: 
Subscription fee was charged to information receivers 
(mainly municipalities). 

• 2006 Operation of the Integrated River Information System
started for Municipalities under the contract with the 
Government: Free of charge. 



Organization

• President
• Board of Directors(15)
• 11 Divisions and 4 Sub-divisions
• 9 Branch offices corresponding to Regional 

Development Bureaus of MLITT
• 98 Persons (59 at HQ, 39 at Branches)

FRICS has:
• Integrated MLITT’s 26 Radar Rain gauges along with online calibration;

• Developed the Integrated River Information System. More than 17,000 
stations have been incorporated into a single system;

• Established a data verification scheme based on the Hydrology and Water 
Quality Database to enable accurate and prompt publication;

• Compiled the “Guideline for Flood Hazard Mapping”; 

• Initiated a Roll-playing Type Training Scheme for decision-makers to cope 
with Crises, and practiced more than 190 times until fiscal 2008 at all levels of 
the Central and Local Governments; 

• Set up the “National Land with Water Information” Center, a clearing house of 
information vital for river/basin planning and management; and

• Developed flood forecasting systems for dams operation and flood fighting 
based on distributed- parameter runoff model, etc. 

• Most of  above achievements have been made through contracts with the 
Government Organizations based on proposals from FRICS.

Ｒａｄａｒ

Ｒａｉｎｆａｌｌ

Water stage

Others

River Office

Display

Regional Bureau

Display

Headquarters of Water Bureau

Display

Firewall

Transmission
Operation Constants

Data Editing Data Editing Data Editing

Display for the Public Display for Municipalities Display for Public MobileDisplay for Gov. Mobile

Data Center operated by FRICS

River Office Users Regional Bureau Users River Bureau HQ Users

Public Users Municipality Users Government Users 
out of  Office

Public Users

Internet Mobile Network

Conceptual Architecture of the Unified River Information System

Operation Constants

Transmission

Data Editing

Transmission

Operation Constants

Data Editing

Transmission

Operation Constants

Data Editing

River office, 
Regional 
bureau, 
Headquarter, 
and Data 
center 
systems have 
the same 
function and 
software in 
common, but 
for size.

Local Governments JMA, Highway

Data Flow
FRICS

Prefectural government

Ministry of Land, Infrastructure and Transport 
(River Bureau, Road Bureau, Meteorological Agency)

Telemeter 
stations

Rader Rain
gauges

Telemeter 
stations

Data collection node

river administrators

Municipalities

General public

Internet

river administrators

Media

←：Information sharing through Internet



Site of the National Land with Water 
Information

Clearing house of databases, and Common help desk

Hydrological and Water Quality 
Database

Independent Systems for 
Management and Data Retrieval

Compilation of a Hazard Map (Sukagawa City)

Thank you.

• Please also visit our 
Website:

• http://www.river.or.jp/
outline/index.html

• and send comments to:
• frics@river.or.jp , or

• nakao@river.or.jp

English
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