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Problems of flood fort
in poorly-gauged river basins

o Difficulty to get real-time hydrological data in the upstream of a
transboundary river basin

+ Insufficient of implementation and maintenance of ground-based real-
time hydrological observation stations, such as raingauge and river
discharge gauging station with data transmission system.

@ Lack of the data required for creation of a flood forecasting model such
as altitude, land use, river channel network, etc.

o Difficulty of the expense burden which is needed for a flood forecasting
system installation

o Insufficient framework to enhance technical capabilities
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Integrated Flood Analysis System IFAS

Toolkit to implement “Global Flood Alert System (GFAS) — Streamflow”

(Land use, soil, etc.)

Global observation of rainfall LY Satellite-based
by earth observation salellites% A near real-ime Topographic data Other GIS data for runoff mode
rainfall data e o

Ex.) IFNet-GFAS,NASA- _—

= IS
3B42RT, JAXA-GSMaP Data download through
Internet, free of charge

JFAS (1 basis for flood forecasting, war
Real-time input: Satellite & ground rain
GIS data input for setting parameters

= GIS analysis to build runoff model

~ Runoff analysis and flood simulation
User-friendly interfaces for output

Currentsituation

Despite of the needs for flood forecasting/warning,
No rainfall, GIS data, nor analytical tools

; Required much money & time for implementatio

After the application of IFAS:

Prompt & efficientimplementation

No need to develop original core system

Step-by-step improvement of accuracy with
hydrological observational network

Concept of development IFAS
&
Introduction of satellite-based rainfall data
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GFAS-Streamflow = Prom
poorly-gauged river basins all over the
and global GIS data

Satellite-based rainfall Global GIS data
’ Elevation data, Land use data, etc.

IFAS |
Data input Model creation Run-off analysis Output
|_
: -
(Possible to set (Exportable to
dam outflow) Google Earth)

Prompt & effective implementation of flood forecasting system
and step-by-step improvement of the accuracy with in-situ data

Satellite-based rainfa

© There is no necessity for installation and maintenance of a rain gauge
or transmission equipment .
Ground-based rainfall data are indispensable to get highly-accurate flood runoff analysis and forecast.

© Almost the worldwide coverage and a consistent accuracy are obtained.

© Resolution (time and space) and observation accuracy are low
compared with properly-distributed ground-based rainfall data.

Product name 3B42RT CMORPH GSMaP_NRT ‘wg
Developer and provider NASA/GSFC NOAA/CPC JAXA/EORC
Coverage N60° - S60°
Resolution 0.25° 0.25° 0.1°
Resolution time 3 hours 3 hours 1 hour
Time lag 10 hours 15 hours 4 hours
Coordinate system WGS — i
Historical data Dec 1997- Dec 2002- Dec. 2007~ GSMaP nRT
TRMM/TMI -
T | AT | IS | htiousharaku eorc
Sensors AMSU-B DMSP/SSM/I | AMSR Jjaxa.jp/GSMaP/in
::’):{MSP/SSM/I TRNm/TMl ISF{SM/l ex.htm
AMSU-B (P\"':"'ARM




Algorithm for self-corr
rainfall data without any
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Effect of the ICHAR

satellite-based rainfall
o Self-corrected GSMaP_nRT can
effectively reduce the degree of
underestimation for heavy rainfall data
without any real-time ground-based
rainfall data.

IFAS implements this self-
correction method.

Ground gau

rainfall
:

0~ 10
10 ~ 20
20 ~ 40
40 ~ 60
60 ~ 80
80 ~ 100
> 100

Typhoon No.8'in 209 (Typhoon Morakot)

_Data Import
Rainfall D
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Souree: |GSMaP_NRT
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Start Date, Time:|2010/07/26 leD v |h End Date.Time:|2010/08/04 v|2’3 Rl

ety

;I

Qerrection
" C None :
Hmmoronee -

& Tyue] ‘

Imported 200/09/19 Acqmrar
Datay

[mpm

Close

Rainfall distribution in Taiwan (3-hour cumulative rainfall)
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Main features

Not only ground-based but also satellite-based
rainfall data as an input data

Model creation using global GIS data

(‘ ICHARM

Devel
1st Phase (FY2005-

Under the framework of “joint research & develoment” among
ICHARM / Public Works Research Institute (PWRI),
Infrastructure Development Institute (IDI / Secretariat of IF-Net),
and nine major civil-engineering consulting companies, as shown below:

International Centre for Water Hazard and Risk Managemennt (ICHARM)
Public Works Reserch Institule (PWRI)
CTI Engineering Co., Lid.
NIFPON KEOET Co,, L,
IDEA Consultants, Inc.
I F A S Yachiyo Engineering Co., Lid,
Pacific Consultants Co., Lid.
Tokyo Kensetsn Consultants Co., Ltd.
NEWTEC Inc.
CTT Engineering International Co., Lid,
Infrastructure Development Institute (1D1)
Kokusai Kogyo Co., Lid.

(‘ ICHARM




Design concept of IFAS

1. To prepare interfaces to get satellite-based rainfall data in addition to ground-
based rainfall data, to secure the worldwide availability of input data for
flood forecasting/analysis system.

2. To adopt two types of distributed-parameter hydrologic models, the
parameters of which can be estimated as the first approximation based on
globally-available GIS databases to secure the worldwide availability of
hydrologic models for flood forecasting/analysis.

3. To implement GIS analysis modules in the system to set up the parameters for
the flood forecasting/analysis model, therefore no need to depend on
external GIS softwares.

5. To prepare a series of easy-to-understand graphical user interfaces for data
input, modeling, runoff-analysis, and displaying the outputs.

6. To distribute the executable program, free of charge, from the ICHARM/PWRI
website

Default runoff anaM

o Three types of distributed hydrological models
'PWRI Distributed Hydrological Model (PDHM Ver.2) (for flood events, below)
- Suzuki, Terakawa & Matsuura (1996), Inomata & Fukami (2007), IFAS Ver.1.2 Manual (2009)
oPWRI Distributed Hydrological Model (PDHM Ver.1) (for flood & long-term flows)
3-layer model for wide availability from low to high flows
- Yoshino, Yoshitani & Horiuchi (1990) - to be released in IFAS Ver.1.3
@BTOP Model (for a variety of hydrological conditions)
- Takeuchi, Hapuarachchi, Zhou, Ishidaira & Magome (2008) - under preparation
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Flood runoff sim
| global GIS
mport data

Example of elevation data of a each cell
and a river channel network

Creation of River channel network and basin shape based on elevation data

Elevation Flow direction generation

(Flow diréction 18 determined at |
each cell; then, the basin
3 boundary is generated.) .

Global Map(Elevation data) ISCGM 116.5 116.4 181.8 198.7
Elevation GTOPO30 USGS I
Hydrotk uses 1142 | 956 11% 114.8
GLCC USGS
Land use Global Map(Land cover) ISCGM 123.0 | g1.2 98.5 | 3
Global Map(Land use) ISCGM _
Geology Geology CGWM 164.0 93.5 9h5
Soil Texture UNEP
Soil type Soil Water Holding Capacity UNEP Modify elevation until all sells are
. decided their flow directions
Soil Depth GES

Basin boundary and
pseu ve:r-channel generation

’J ) }\H -
({fh/*ropography‘ of redcélls is
automatically corrected for flow
direction generation.)

\RM
-4

Parameter estimatio

2. Distribute GIS data

1. Import GIS data .
into some classes

3. Input value
for each tank

4. Set value for
each cell

Surface
parameter|

GIS data

Land use/Land cover

Land use classification

(GlobalMap)
Broadleaf Evergreen Forest
P Broadleaf Deciduous Forest
Needleleaf Deciduous Forest

Mixed Forest

Shrub

Sparse vegetation

Bare area (gravel, rock)
Bare area (sand)

Paddy field
Cropland / Other Vegetation Mosaic

Mangrove
Wetland
Urban
Snow, ice
Water bodies

Infiltration Rough
capacity -ness

(e]e)

Parameter set

@ IFAS has already set
default parameter.
@ Each parameter
reflects local condition.
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Interface displayﬁ'-

Main display Edit display of rainfall data Setting display of parameter

e g
Hydrograph — | »a%w e
[=——_ |  Tankcondition .
55 1 tj: e = ogle
E ” :F ' .._|. ‘ (‘ ICHARM

Examples of IFAS applications
to flood runoff analyses
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IFAS-based runoff a

L=137km A=1,600km?

4,000 r | - Y
3,500 Good accuracy ‘éﬁobuchi
' W Ground-gauged rainfall + . L 20
—~ 3,000 B Satellite rainfall(3B42RT, .
8 - " (original GSMaP) 5
L2500 | - " (corrected GSMaP) | 40 2
é — Calculated discharge(Ground) E
22,000 f — 7 (3B42RT) E
o —_ " (original GSMaP) =
S 1500 - — " (corrected GSMaP) - 60 g
g ’ © Measured discharge S
S 1,000 «
r 80
500
) ) L 100
Parameters are calibrated using 9/6 97 9/8 9/9 9/10

ground-gauged rainfall and
measured discharge Date (2004,GMT)

+A flood-runoff event analysis in the Sendai River basin of Japan was very
accurately reproduced with IFAS using the ICHARM's self-corrected
satellite-based rainfall data without any in-situ ground-based rainfall data,
in spite of the under-estimation of rainfall rate in its original GSMaP
product.

(‘ ICHARM

IFAS-based runoff

Myanmar A=27,420km?
‘ e Rainfall (GSMaP-corrected) ~ —e—Observed ~ ——Simulated (2tanks) ~——Simulated (3tanks) B, . f Tributary of
50000 vl[r“|||||||- g -|-|-| TP 0 » Irrawaddy
45000 ’Mjlll_‘mﬂ | | H 2 5// Vs 3
40000 I 50 ¢ .
?35000 | 75 } ‘
gzoooo 100 __%
;fzsooo 3-layer 2-layer s £
2 . model — model - :;
5000 L / Observation s &
10000 ‘!Lg’m /\n“’w 200 Parameters are calibrated using
\ ‘% self-corrected GSMaP and
5000 225 observed discharge.
0 T T T T T 250
1-May 31-May 30-Jun 30-Jul 29-Aug 28-Sep 28-Oct
*The 2-tank model (PDHM Ver.2) reproduced the 15t major flood peak level and the
other major flood peak timings well, but low flows were much underestimated.
*The 3-tank model (PDHM Ver.1) reproduced both major flood peaks (timing and
level) and their recessions better. The 15t major flood peak level seems
overestimated, but this may show the possibility of inundation in the upstrearm@m
the gauging station.




IFAS-based runoff a

L=7Ilkm A=996km?

2,500 ” I | T TTT S
s ]
- Tamana
2,000 r I Ground-gauged rainfall , -
s B Sateliite rainfall(3B42R1; =
2 - ” (original GSMaP) 3
(.E 1,500 . - " ) (corrected GSMaP) | 40 <
= o — Calculated discharge(Ground) £
o o — " (3B42RT) £
T ° — " (original GSMaP) =
5 1,000 r ° — " (corrected GSMaP) | 60 ‘c
L o Measured discharge ‘©
[a] o
500 r 80
0 ! 100
Parameters are calibrated using
ground-gauged rainfall and 7/4 7/5 7/6 77
measured discharge Date (2006,GMT)

-

Why was the self-correction of GSMaP unsuccessful for this case?

(‘ ICHARM

Difference of frequency o

successful case : Sendai river unsuccessful case : Kikuchi river

3500 e === 0 1600 I H 0
N Ll =N ‘ ‘ - I \ N N N
N | | | ] R MWR observation N
S N 10 o\ N1 10
3000 | J B ! ! ! 1400 & N
\ 3 ! | | [ % == Ground gauged rainfal § 2
2o 0 Graund gauged rainfall | | | | | 1200 § [R—p——— §
30 N N1 30
— . GSMaP : § N : : : 1000 § I Corrected GSMaP § —
3 N 40 T N N1 <
2 2000 | E Gorrected GSMaP | § | | e § —— Caloulated discharge § £
= N E o (GSMaP) N =
% fg‘scMmil,;d dscharge : PRREH : : 5 3 E s § —— Caletisted dscharge § 5 3
2 1500 a - £ £ (Corrected GSMaP) ]
s (Corected GsMaP) | N | A TN
1000 | O Observed discharge 70 NN N7
I | | 100 N N
| | 80 | § N1 s0
500 | I N P
y § 90
MWR No MWR : N
o B i B 100
/6 0:00 9/6 6:00 9/6 12:009/6 18:00 9 observed od during peak o 74 120074 1800 7/5 000 7/5 500 7/5 12007/5 1800 7/8 000
Date (UTC) frequently rainfall Date (UTC)

Accuracy of rainfall distribution depends
on the frequency of MWR observations
(& accuracy of IR-based motion vectors)

i i O 1 (2010
< Image of microwave observation zawa et al (2010)

- MWR obs. is once a few hours on average, but not always
guaranteed.

- -During no MWR period, rainfall field is transferred by IR-
MUCERSECEENSY based motion vector

(‘ ICHARM




Global Precipitation Measurement (GPM)

Current Observation System:

and ,and
Core Satellite o - - 8 Constellation
Dual Frequency Radar oS S &‘ ﬁ& - q Sate”ites

Multi Frequency Radiometer

»
) % Satellites with Micro-wave

<-Observation of rainfall with more ] .

accurate and higher resolution

<-Adjustment of data from
constellation satellites

<-More frequent Observation

Cooperation :
DG L)) NOAA(US),NASA(US),ESA(EU),
Dual frequency Radar, Rocket China, Korea and others
NASA(US) 2
Satellite Bus, Micro-wave

gauging

—Earth heating Phenomena {} *JWRM

ment

—Study of Climate Cha " *Flood Forecasting
1y of Hmate Thange Global Observation *Forecasting of crop
~Improvement of every 3 hours productivity

forecasting system

Flood in Pakistan,

. . Province Deaths | Injured | Houses | Villages Population
o Heavy rain from late July due to monsoon which omage | ffected | _ lfected
brought inundation wide-area in the Indus river 2™ 1 Lp oo e o
oy Khyber
and affected about 20 m|"|0n people. Paktmunkhia 1154 [1193 | 200799 | 2,834 | 4365900
2 Inthe KP province, “flash flood” brought most of | uo 150 |soooe 3z Lszuocte
the number of deaths in this flood event. e e Lzee S
© In Peshawar, it rained 274mm/day (over 2 times | | || wwe|
as the highest record before) FATA : T e
. y 86 84 4,614 Awaited
@ GSMaP underestimated. — The ICHARM'’s self- | ™ resm | opms | omara | 1507 | s0ssars
1 H * Additional 600, IDPs from Sindh are living in Balochistan
correction-based or Thiessen-polygon-based Y U

3= w

GSMaP_NRT(total amount: 7/27~31)




IFAS-based runoff

50,000
' Satellite rainfall3B42RT) s ~-Nowshera
40,000 - " (original GSMaP)
. ’ - " (corrected GSMaP) . cul
8 - " (corrected GSMaP by Ground) 5 gafcu ﬁted by t
° — Galculated discharge(3B42RT) S ctault parameter
”E 30,000 — " (original GSMaP) r4 E
;’ — " (corrected GSMaP) £
= — " (corrected GSMaP by Ground) ;
q i L ©
Ground rainfall data were Q Moasured discharge 6 ¢
2-7times as manyas ———— &
GSMaP ones. This Lg
correction of GSMaP was

made on the basis of Estimated hydrographs in
each ratio of Thiessen : upper & middle Indus river
polygon (Ground/GSMaP). 7,28 7/29 7/3

GSMaP (original) Alghouth the runoff simulation

with ICHARM'’s self-correction
algorithm without any ground-
based rainfall data seemed best,
this does not necessarily mean
the truth. In any case, this
shows the high potential of
satellite-based runoff
simulation.

Ground-gauged

Rate(Ground/GSMaP)

Comparison between sa
and inundation simulations with anothe 'S
Rainfall-Runoff-Inundation (RRI) Model for Pakistan
flood, August 2010

Runoff-inundation simulation can interpolate
Subsurface flow sope-Rver | Missing satellite-based information
i : . g
‘”"Sa‘“'a‘e\dfi?f“fa‘e‘f)j\» ~~, [memeter 1 on flood inundation area

caused by flash flood.
T —

Overview of Flood Waters in Peshawal

Two dimensional,
(diffusion wave)

. * Nowshera

Sayama et al. (2010) "“,cmm
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Dissemination activities

e

ICHARM Website t
PDHM Ver.1.2 as of 2011/4)
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Global Flood Alert System (GFAS) -
Streamflow

Flood Forecasting Usine Global Satellite Rainfall Information Based on

Integrated Flood Analysis System (IFAS)

IFAS

ICHARM has developed a concise flood-runoff analysis system as a toolkit for more sffective
and efficient flood forecasting in developing countries. This system is called “Integrated Flood
Analysis System (FAS)”. IFAS implements interfaces to input not only ground-based but
satelite-based rainfall data, GIS functions to create river channel network and to estimate
parameters of a default runoff analysis engine and interfaces to display output results
ICHARM also has a plan to hold a training seminar for user to utilze IFAS effectively and to
do a coops study with local , , etc. [CHARM hopes that IFAS
vill be widely used as a basis tool for preparing flood forecasting and warning systems in
developing countries.

1. Utilization of satellite-based rainfall as an input data
Realtine satelite-based rainall nfor mation which covers the almost whale wor d s rovided from NASA, NOAA

XA, etc. Satelte-based rainial coukd be avaiible f there f even a persanal computer connectine the
ternet. which can substiute eround ranfalcaugss to some extent

2. Implementation of multi run-off analysis engines

A run-off analysis eneine is a ph model Most of related to
physical basin condition of ls1d use and soil type, which are lobally avaisble in public. Guideline parameters are
prepared based on past simulation results, therefore, the spplication can be extended to any poorly eauge:
basns easily.

IFAS has a f

wemmme ICHARM will improve the system continuously to make it more

| PELA® [€) ¥172201 98¥sugira¥3 Download HP¥itas download site¥itas download page¥indexchtml =

2. Implementation of multi run-off analysis engines
run-off 3

model Most of related to
physical basin condition of land use and soll type, which are globally available i public, Guieline parameters are.
prepared based on past simulation results, therefore, the applization can be extendad to any poorly gauged
Basin easl.

IFAS has a function of multi enche enabsis
3. Implementation of a model creation function
IFAS has a function {0 create runoff model and to estimate perameters using the GIS data of elevation, land

use, soil type, ete. With this function. runoff analysis can be spplied 10 basins with msufficient hydrological and
ceophysical information.

4. Visualization of flood forecasting results
IFAS has interfaces to display outpat results on digital map, User can easily identify the risk of flood with seing

visuslized simulstion results

5. Free distribution

IOHARM distrbutes [FAS xacutabe ie)for roo, IABQWINLOADS

Main Structure of IFAS

Satellite-based rainfall data
Ground. o\

Rainfall data based rainfall data

Modeling

Extimatio

Greation of a river channel
i of parameters.

Runoff analysis Qbutsgmodsl iz |0 |

Display of results iz

user-friendly software and contribute to flood mitigation at local

communities. (Ver.1.3 will be coming soon!)

]|
T e

e
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Training workshops =
Purpose of the training course |F7‘\‘et @M @} APN

To build capacities to undertake hydrologida'i prediction/forecasting in relatively
ungauged basins using satellite-based rainfall. -

Program

*Remote Sensing of Precipitation from Space (JAXA)
«Introduction of river administration in Japan
sIntroduction of Global Flood Alert System
*Operating procedures for IFAS

+Validation method of satellite-based rainfall

*Current conditions and problems in each country

International Workshop on Application and Validation of GFAS
2008: Ethiopia, Zambia, Cuba, Argentina, Bangladesh, Guatemala, Nepal
(7countries)

2009: India, Indonesia, Viet Nam, Bangladesh, Nepal, Laos (6countries)

IFAS Seminars in overseas (sponsored by ADB, JAXA, UNESCAP, etc.)
Nepal (2009), Indonesia, Myanmar, Vietnam (2010),

Pakistan, Thailand, and more (2011)
ICHARM Master Course, JICA short courses, etc.

Toolkit for flood forecasting
system (IFAS) A

S
& 7
) a &7
I3

~ i
=) .“t 4
< _JAPS

IFAS|

Lecture, Training
ICHARM LOCAL USER

Development of IFAS Observation, data collection
Implementation of flood forecasting system

improvement o
Improvement of IFAS through customization of IFAS

Flood forecasting and alert
Reduction of flood risk damage

Validation,

/, e /r,
Application results %%

Local data

Residents

- Testtene 2

il
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FAS to enhance local
situ observation net

Training

e

C

L4

onclusion \'

The combination of satellite-based rainfall information, global GIS data
and IFAS (Integrated Flood Analysis System), as a practical toolkit for
local users, especially in poorly-gauged river basins to integrate all
those global information, has very high potential to promptly &
efficiently implement flood analysis & forecasting system, in
consideration with further step-by-step improvements in the future.

Key valuable information can be acquired through satellite-based and
global-GlIS-based IFAS simulations even if the accuracy is not enough
from the perspective of the coincidence of hydrograph.

On the other hand, it should be also noted that, without any in-situ
(ground-truth) data, such integrated information & analysis cannot be
assured, verified nor improved.

It is, therefore, indispensable to couple satellite & global GIS data with
in-situ (geographical, geophysical and hydrologic) data in order to

improve the quality (accuracy) of the integrated information & analysis
and to upgrade the range & depth of application, which will lead to the
establishment of local ownership of flood forecasting and warni :
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