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Fig. 1 Location of applied river basins. (1:The Kiso River, 2: The Narmada River and 3: Struma River)

— 800 —



2. SHWEREETIVIZ K SR LT

2.1 HHERHETILOELRER
THEMEATICBEI L TiE, FEAMME L TA Yy va
eV, SWEMMAEE LTEZEET LVEHNTA
v ¥ 2 B @ H £ 77V Hydro-BEAM  (Hydrological
fit,
1998) %3 %, Hydro-BEAM %, Wik KGR
IZBD DK - WEENEC A REBR BT & R4 4 5 4 A
HHEF AL TH D (Fig. 2 2M), T OwEARME TR
WL - FEEME - e - Tk - KR - KE - ERE
REZBIIED, Tibb, fha BT Rk A A
AL Z EBRHERD, LWV FEMEEZRLEHDE T
%, Hydro-BEAM O##i&x, Wz EHFEA v a
WICREIY, ZNEFROA Yy v a lZhEMBEEHTD
Ay aBIZBET NV CTH D, $HIET MO EEILMR
FrEMICEVEEEXDZENTEX D,

River Basin Environment Assessment Model, /)7,

Fig. 3 ICE T NVORAK ZRT, TNEND A > v
2 X AB~EBEOD S BOHEHEEZHAELTEBY, A
JE~D JE O &R HA L, E I
MEICITEEL RIFTSRVWHTRE L T5, BT
X, FHEFE AJEIZ1T kinematic wave %%, B~E J&
IR REE AT 2, KBTI O
HERKOIKA, HEZRMEREEKEZ M2 T L D1
TNV BEMFEOBRIEFRELZBEL,
TiRE - HAKRKRH - BEREEEE R ET 5, £,
KR —TEMOKBEE L CAREBEEZREL, M
E-BBIZONWTHEBET L, 51T, HKEBORK
ENTIRIBOKTE R 2B 2 AsikB® 4 R4 LT
TR ETD, 22T, KEPDOPKRE 5 HK
PEAILIERIRICIE D EIRE L, REICEA Yy v a
WTINI~ERAT DD LT 5,

DAATBMHET LV TIE, ANT—HELTHERAY
VaDRBET—F (KR - BAKEOREMT—%) N

[ DEMdata | [tpB=—%|] @iz—4 |[ t7—% |

[ anm || sam |
[ st@mesanl || smhl |
[ #pesn | [z

S-S AT

| Degree Hour | | Degree day |

[ wWinematc | [ Diffusion |
[ wirematc |[ #o—81 |
=T
Cau > [zem [ ieeor |

=

D U Tl

Fig. 2 Feasible components on Hydro-BEAM
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Fig. 3 Conceptual illustration of Hydro-BEAM
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Table 1 Obtained data and information

Name Producer Chacteris-
tics
Topogra- GDBD CGER River basin
phical data boundary
Hydro-sheds | USGS River basin
boundary
SRTM CGIAR-CSI Elevation
GLCC USGS Land use
Meteoro- Surface data, | NCDC Hourly
logical Hourly
data global
GSOD NCDC Daily
GCM output Meteorolo- GCM
gical Beurou
in Japan
Observed The Narmada | WISDOM Daily
data River

GDBD: Global Drainage Basin Database

CGER: Center of Global Environment Research

Hydro-sheds: Hydrological Data and Maps based on Shuttle
Elevation Derivatives at Multiple Scales

SRTM: Shuttle Radar Topography Mission

CGIAR-CSI: Consortium for Spatial Information

USGS: US Geological Survey

NCDC: National Climatic Data Center

GSOD: Global Surface Summary of Day Data

WISDOM: Water Information System Data Online Management
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Fig.4 Graphic illustration of reservoir operation
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Fig.6 Map of the Narmada River Basin
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Fig. 8 Elevation distributions on applied river basins.
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Fig. 9 Averaged daily temperature at the Kiso River

Basin
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Fig. 10 Averaged annual precipitation at the Kiso River

Basin
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Fig. 11 Averaged daily temperature at the Narmada

River Basin
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Fig. 12 Averaged annual precipitation at the Narmada

River Basin

Fig. 13 Averaged daily temperature at the Struma

River Basin
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Fig. 14 Averaged annual precipitation at the Struma

River Basin
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Fig. 15 Daily discharge at Inuyama in theKisoRiver

Basin
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Fig. 16 Comparison of spatial distributions of

(a) Re-produced,

discharge at the Kiso River
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7% 3,600 L L7z, WEA(LOBEmE LTE, E
— 7 WEIRECHENL, 20— THE (5K
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DIRFHIRIRZITIER T D/ R & 72 - 72 (Fig. 17, Fig.
18 &),
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WS ObDX ABREREZFBIN TS, Ll
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Fig. 17 Daily discharge at downstream point of the
Narmada River Basin; Bigger than fifty—th maximum
daily discharges and smaller than 2000-th ones for these

ten years are plotted.
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Fig. 18 Spatial distributions of discharge in the Narmada River Basin
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Fig. 19 Daily discharge in the Struma River Basin
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Fig. 20 Spatial distributions of discharge in the Struma

River Basin
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Table 2 Comparison of hydrological characteristics due

to global warming

The Kiso Assessed characteristics

River

Temperature Rise of yearly averaged temperature from
8.5°C toll1.8 °C
Less periods of below zero degree

Precipitation Not specified change of averaged yearly of
2,151 mm/y
Decrease of monthly minimum
precipitation

Discharge Decrease of base flow

Increase of temporal delay of hydrograph

feature

High availability of reservoir for flood

Not effective reservoir operation for

irrigation

The Narumada

River

Temperature Rise of yearly averaged temperature from
8.5°C toll1.8 °C

Precipitation Increase of averaged yearly precipitation of
815 mm/y to 1,288 mm/y
No change of Climatic characteristics based
on Monsoon

Discharge Increase of peak
Decrease of low flow

The Struma

River

Temperature Rise of yearly averaged temperature from
8.8°C tol12.1 °C

Precipitation Decrease of averaged yearly precipitation
of 363 mm/y to 335 mm/y
Decrease of monthly minimum
precipitation

Discharge Decrease of base flow
Increase of temporal delay of hydrograph
feature

5. #5EE

AWFFETIX, GCM HAEAFIH L T 1979 7256
1988 4F, 2075 4E05 2084 £ 2 Wi 2% 412, 4y
MBIFHET AV E RV, [EMICKRESERD 3R
WO 21T o 72, T OREE, FIRECIRE
(bS8 A W ZE I Ll LETli 92 2 & T & 7=,
LIRS, bR LEIZ VTR 2,
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Comparison of Water Environment Variations in River Basin due to Global Warming

Takashi IMOTO*, Toshiharu KOJIRI, Kenji TANAKA and Toshio HAMAGUCHI
* Graduate School of Engineering, Kyoto University

Synopsis

The impacts of climate change on water environment in river basins are assessed to analyze the difference of
meteorological and hydrological characteristics in the world-wide scale with focus on water dynamics. In this study,
three rivers of the Kiso River (Japan), the Narmada River (India), and the Struma River (Bulgaria) are applied by using
the distributed runoff and environment model (Hydro-BEAM) with GCM outputs for present (from 1979 to 1988) and
future (from 2075 to 2084) climate condition. First, data handling processes, such as the bias correction and downscaling
process from GCM outputs to input data on simulation model are proposed for the limited river basins in Japan. Second,
the modeling for runoff simulation is taken for the designated river basin. Finally, the impacts of climate change for

water quantity are assessed.

Keywords: distributed runoff model, comparison, water environment, global warming
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