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1. Study on climate change impact analysis study
using MRIAM20km KakushinProject)

Development of the hybridjuantilebias correction
method for flood runoff analysis on a river basin
scale

Preparation for a global hydrologic runoff analysis
model with BTOP model

2. Study on climatechange adaptation

Development of Integrated Flood Analys&y/stem to
enhance the implementation of flood forecasting anc
warning system in poorhgauged river basins, using
global satellite based rainfall and GIS data
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1. Study on climate change impact analysis
study using MRIAM20km (a part of
KakushinProject)

1) Development of the hybridjuantilebias
correction method for flood runoff analysis on
a river basin scale

2) Preparation for a global hydrologic runoff
analysis model with BTOP model
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Assessment of the impact.c
disaster risk and its reduction
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Example of comparisoYoshino River Basin, Japan

' 5 o %Z(oshino River Basin (Japan)
SIS Basin Area3,750 km2

N
‘ﬂ A Number of Rainfall Station$1 stations 73.5

km2/sta
~ A Number of Grid of AGCN29
Rainfall Station A Annual Precipitation1,800 mmg 2,000 mm
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A AGCM underestimates observation for heavy precipitation.
A It is necessary to apply a correction method on AGCM precipitation data for flood analysis.



Example of comp

i PR

ol | ;,g Bagmati River Basin
Sy ' ~ ABasin Area4,760 km2

A It can be clearly divided into rainy (Jun. to Oct.) and dry (Nov. to May) seaso

A Number of rainfall stations: 23 station®07 km2/sta

A Number of AGCM grid: 29

/\/ A Annual Precipitation: 1,800 m@2,000 mm

92
Bagmati River Basin Average (1979-1999) Bagmati River Basin Average (1979-1999)

GCM20: Underestimation

Bagmati Rivg Basin &Ierage (1979-1999)
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A AGCM. underestimates observation for heavy precipitation. ICHARM

A It is necessary to apply a correction method on AGCM precipitation data for flood analysis.
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Mean annual maximum daily rainfalSim/Obs.(19802004)
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Discharge (m3/s)

River Discharge Simulat
Case o

A River discharge simulation at Pakse
A Precipitation: Observation, GCM20 precipitation data for current, near future and future
A Temperature, cloud cover, daylight duration, radiation, vapor pressure, wind speed: CRU Reanalysis
A BTOPMC model parameter values are determined based on globally available data and calibration.
Current(19792004) Near Future (2EAR7) Future (2072099)
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Concept of bias

A) Extreme Value
The samples in top 0.5% of prob. of
non exceedanceare considered.

B) Other value
They are divided into each month.

robability of Non

The samples in top 0.5% on probability of non &

exceedancefor observation, GCM20 Present and

GCM20 Future aresubtracted

The ratio for same rank( ) between
observation ¢_0Obj and GCM20 Present
(GCMZ20_Prgis estimated.

to the value of GCM20 Future of sameank
(GCM20_Fiy and corrected value £_Fuj) is
obtained.

_ P_Obs
' GCM20_Pre
P_Fut =a,3 GCM20_ Fut

;iIsregarded as a
correction coefficient for eachrank and multiplied

Probability of Non

Exceedance

Exceedance

GCM20 Present

Observation

For ALL of the daily precipitation

J

Daily Precipitation
' Abstraction of top 0.5%
daily precipitation

GCM20 Present
GCM20 Future Correction

Observation
Top 0.5%f

probability of non exﬁqetﬂdﬁﬁ@

Daily Precipitation




Concept of bias correctic
Hybri

Samples except top 0.5% on observation,

GCM20 Present and Future are divided into Except
each month top
GCM20 Present 0.5%

Probability of Non
Exceedance

Observation

For ALL of the daily précipitation

Daily Precipitation Samples except top
‘ 0.5% is divided into

/

The ratio between observation P_0Obg, )

and GCM20 PresentGCM20_Pig) is 3 = each month.

estimated for each month and eachank § § =

( m) mAsregarded as correction S § Q e

coefficient and multiplied to GCM26uture U s S

of same month and sameank S = 3

(GCMZ20_Fyt) and corrected value g = X

(P_Fu, ) 1s obtained. % 3 é orrection coefficient
P Obs. . o = = is estimated for each

a . = —205 053/ January _‘.g Feb Z' 17" month and each
- GCMZO_Prem_i Daily Precipitati 1 / € ruary'-f -+. quantile.

Daily Precipitation

P—Fut. =a, > GCM20_Fut, .




Result of correction method (Japan, China, each 1 point)
Verification of present climate conditioWonthly Precipitation

Corrected GCM20 |~
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Effect of the bias correction method for river discharge simulation
for the Ikedastation of the Yoshino River, Shikoku, Japan
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Collection of observed daily rainfall data

Data collected from individual national meteorological

APHRODIT Evatagaj organization
Area () | Area per saon (sia
1 APHRODITE Monsoon Asia 4 Australia 4,520 7,686,850 1,700
2 APHRODITE Middle East 5 U.S.A 6,206 9,626,630 1,551

3 APHRODITE Russia 6 U.K 193 244,820 1,268



Effect of Hybrid Bias Corrg&tg

for MRF AM20km
- Mean annual precipitation

APHRODITE MA

25 years 1980 2004
g ‘
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© The method is simple and therefore
applicable such large domain easily.

© The corrected GCM20 shows almost
same distribution with observation
(APHRODITE MA).
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50N

MRFAM20km underestimate annua
maximum daily rainfall in many regiophs 4

APHRODITE MA
25 years 1980 2004
T LA e

b |

Bias corrected ones shows good
agreement with observed database.
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- Future projection of annual maximum daily rairdall
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@ The future projection of 25year mean annual maximum
rainfall is increased in many regions, especially in the
southeastern part of China and the middle part of India.
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Effect of Hybrid QuantileBias Correction Method
- Flood runoff analysigA case for continental river. Mekong)

Biascorrected rainfall (End of 21c.)
— Groundbased rainfall (Present climate
— Biascorrected rainfall (Present climate

— MRF20km_raw Climate of end of 21c
—— MRIF20km_raw (Present climate)
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BTOP model

Runoff Generation

Original
TOPMODEL

g
P
.....
= 3
-

\
\
=
“
[}
\

! V|

1 e O
J Recharge rate

H :
BEwiE
L

. - » ) | [ Canopy Zone
Hillslope i X ™ |

~———
| =

-
~to
~
Dy

Takeuchi, Ao, Ishidaira, HSJ, 44(4), 1999
Takeuchi, Hapuarachchi, Zhou, Ishidaira,
Magome, HP, 22, 2008

BEEEEE Takeuchi, Ishidaira, Sawada, Masumoto (eds
e Studies of the MRB, HP, 22(9), 2008

§ ("‘ ICHARM




50-year flood (annual max daily discharge): % increase from pre!
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2. Integrated Flood Analysis System
(IFAS)

For the enbancemenbf the implementation of flood forecasting
and warning system in poordgauged rivebasins,
using not only grounebased but alsoglobal satellite basedrainfall
data and global GlSlata

qt‘ ICHARM



IntegratedHood AnalysisSystem [FAS

¢c22ft 1TAG G2 AYLX SYSY (G & D Str@dmflonsCt 2 2

Global observation of rainfalll *

_ ! Satellite-based
by earth observation satellites

nearreal-time

Topographic data Other GIS data for runoff mode
rainfall data e

(Land use, soil, etc.)

Ex.) IFNet-GFAS, NASA- é
5 3B42RT, JAXA-GSMaP

5

Data download through
Internet, free of charge

/FAS( A basis forflood forecasting/warmn
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

| o f |

oo []]

ﬁurrentsituation

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

q Required much money & time for implementatior

After the application of IFAS:

Prompt & efficient implementation

No need to develop original core system

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




Satellite- bas

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

Product name 3B42RT CMORPH GSMaP_NRT S—
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
Historical data Dec 1997- Dec 2002- Dec. 2007
TRMM/TMI
T e | MR | AsSE | itpsharaku eorc
Sensors AMSU-B DMSP/SSM/Il | AMSR Jaxa.jp/GSMaP/in
DMSP/SSMII TRMM/TMI | SSMII dex . htm
" " IARI\/ISU-B ("\"CHARM



GSMaP (mm/3h

Algorithm for self correc
data without any grou

Moving fast A»Underestimation

Moving slowly A Better coincidence

Present I—,—\—I

Small spatial variance of cumulative rainfall

on a certain scale

Present —— | .
I e g — ) R
hourlater — “—— -
2 hour later ! ’—\—\ 2 hour later
iti 3h additional -
3h addltlonal . el
rainfall

Large spatial variance of cumulative rainfall

on acertain scale

A hypothesis on the reason why this
selftcorrection is empirically effective.

High cloud
speed
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150 1
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= e
Low wind spegiv

Low orographic rainfall
in lower layers of atmosphere
Almost good estimation

with high-frequency microwave
radiometer aboard satellite

High wind
speed

Heavy orographic rainfall
in lower layers of atmosphere

Underestimation
with high-frequency microwave

radiometer aboard satellite
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Validationof selfcorrection methog _—

for JAXAGSMaP o '
(TyphoonMorakot, Taiwan, 2009) =~ 3 &

80 100
[ | > 100

mg/bg;“/ed Rainfall [mm 3h] GFAS Total Rainfall in Taiwan [mm] GSMaP Total Rainfall in Taiwan [mm] Corrected- GSMaP Total Rainfall in Taiwan [mm]
@ 080300 0500 (UTC) (2009/08/08 0300 08/ 08 05:00 (UTC)) (2009/08/08 0300 08/ 08 05:00 (UTC)) (2009/08/08 0300 08/ 08 0500 (UTC))

1:2000000 1:2000000 1:2000000

3 hour rainfall - 2009/08/08 03:00 UTC
Left Ground gaugedCenter_L3B42RT Center_RGSMaP Right Corrected GSMa



Validation of seltcorrection method
for JAXAGSMaP .

(TyphoonMorakot, Taiwan,’2009)= =
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Comparison o
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Sendaigawa L=137km *A=1,600kM Kikuchigawa —L=71km *A=996kn

In Kikuchigawa, discharge using corrected GSMaP underestimate due to accuracy of correction satellite-based rainfall.

Product Waveshape errof Volume errgr Peak discharge er
Sy EY Ep

Sendaigawa Groundbased 0.030 -0.021 0.030

Satellitebased 0.029 -0.026 -0.035
(correctedGSMalp

Kikuchigawa Groundbased 0.037 -0.027 0.015

Satellitebased 0.342 0.425 0.656 ARM
(correctedGSMalp =28



Design concept of IFAS

1. To prepare interface$o get satellite-basedrainfall datain addition to ground-
basedrainfall data, to secure the worldwide availability of input data for flood
forecasting/analysis system.

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

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

5. To prepare aeries ofeasyto-understandgraphicaluserinterfacesfor data input,
modeling, runoff-analysis,and displayinghe outputs.

6. To distribute the executable progranfree of charge from the ICHARM/PWRI
website

29



Flood runoff simulatio»h mo

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

116.5 | 116.4 | 181.8 | 198.7
| | |

11& 9!5.6 11& 114.8

123.0 | 53912 | 08,5 | ;st

164.0.| 935 : 94.5

Import data
e Produt  Provider

Global Map(Elevation data) ISCGM

Elevation GTOPO30 USGS
Hydrolk USGS

GLCC USGS
Land use Global Map(Land cover) ISCGM
Global Map(Land use) ISCGM
Geology Geology CGWM
Soil Texture UNEP

Soil type Soil Water Holding Capacity UNEP
Soil Depth GES

Modify elevation until all sells are
decided their flow directions

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

Elevation

Flow direction generation Basin boundar and

'sz“’ dirté \\
; each cell; then, the basin

/:f /%

etermined at (

ba matlcally corrected for flow

_—
g



Parameter estimatio

2. Distribute GIS data
Into some classes

1. Import GIS data

GIS data

Land use classification
(GlobalMap)

3. Input value
for each tank

4. Set value for
each cell

Surface
paramete

InfiItrationRoughl,J l]
capacity -ness

Broadleaf Evergreen Forest

[ Land use/Land cover
vl ! Broadleaf Deciduous Forest

Needleleaf Deciduous Forest

Mixed Forest

Shrub
Herbaceous

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

Paddy field
Cropland / Other Vegetation
Mangrove
Wetland
Urban
Snow, ice
Water bodies

i " Fr AEERS

Imported GIS data

0.0005 0.7 é

Parameter set

E IFAS has already set
default parameter.
E Each parameter
reflects local condition.

0.00002 2 &

0.00001| 2 | e

0.00001| 2 | e
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Default run\o_

© Two types of distributed hydrological model
OPWRI Distributed Hydrological Model (PDHM Ver.2)(below)
@BTOP Model (coming soon!)

Rainfall

Rainfal
11111 bl L sy
Surface flow of water Surface tank E % ] ] River channel tank s:[ S'¢ o s s
oh - S )(S 2 - So)
Flwfwtm% Gro dwattk \
Flowy in the nnel % ‘ L
T [ 22 (h-s)ns
- ._AhA
L LTankL L L L L L g
—> — -

¢ Lower ¢
| LTank

L.—L- -
I_—>|_ u_ u_ ﬁ_
ME MM

Upper area Lower area
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River course mod
Cell type classificatior

From surface,
1 groundwater and other

Upper L |_ L |_ |.. L |.. rivgr course model
tank —>5— I — —
Lower ¢ l ¢ ¢
tank | L—>| L L | L River course flow
River | | | | iRRlD —_ =
tank
Upper area Lower area [2* RBH Bx RBH
Cell type0 Cell typel Cell type2 Cell type3
Number of T Th. = RHBx B&lé
upper cell 1 2 65 c RBET
(default) | B |
Constantof _ 3
Resume law
Manning
roughness - 0.035
coefficient

Cell type3 routing by the Kinematic waving method.
(displayed as a main river channel)




