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OMEEAST —Z L FKE, KR, T AR,
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WENT — 22 ANFT D52 EnRREERD, 2%
RBELELTWLHEBNT — 22 HHTWD,
TableliZ AN T —2 D—EErT, TNULODANT
— X ZBEREEBEE T ASIBUCDBE R &0, 45 Aalik
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1. Geographical data
(altitude, land-cover, routine-network)
2. Meteorological data 3.GCM output 4. Set scenarios Inout
= In
GPCC, GSMaP etc PE MRI-AGCM Irrigated area pu
(1981-2004) Bias (2075-2099) (2075-2099)
Collection J
S l .
SiBUC & Hydro-BEAM [ Simulation
! Wleee 1 0 &
Discharge Runoff Runoff
(1981-2004) (Scenario #1) (Scenario #n) [ Output
Callbrallon@ l cee : @
Observed
discharge data X ) [ .
(1998-2002) Conflict Analysis Discussion

Fig.1 Procedure of analysis

B CTIEMRI-AGCM & CMIP3 D H il & IV 5, Fiedsk
KBRETNVICEVRESI N 2 X—2 L LT
av 7Y MEFICHEIAT Z & T, TREESE), K
EWRHARBEEEO T AN a7 ) 7 MEE] 1ZH
F72 W 24T 5. FOEAM CTIIARME FIENRTF
ANz 707 MEERERT,

2. 2 [EmEBEEETILSIBUC

SiBUC(Simple Biosphere Model including Urban
Canopy)iZSiB(Simple Biosphere Model) % ~X— 2 T BH
FEINTEEEBRTT LV THDH(HF S, 1994),
SiB(Sellers, 1986) IL %4 Kf ® GCM O #% 1 H A4 X
(~100km) T DO RRHE /K SCRFEEZ KRB L T\ D Z LIkt
L, SiBUC T Ikm#& 1 A X D K T fe 2 32 8L
T oo ERmREBEMT X ¥/ B —, MHH A,
K, FEHUZ/FL TWD, 512, HEBBUKE -
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FHT 5, SIBUCTRBLEN A HIREEREL KE <
SFDERTX Yy E—(ELVEREO/EY, 2
U— b)), Bl AN—CERFEOMER, T AT 7V ),
KRN, KB, WHAS), MR, MEESOIE

Table 1 Input data

A=Y WA RTA—H 22 AR I iR
SRTM30 2 1) 30 seconds -
GLCC ver.2 e 30 seconds -
ECOCLIMAP R 30 seconds -
SPOT-VEGETATION NDVI 30 seconds -
GPCC Rk & 1.0 degree Monthly
- 0.1 degree &
GSMaP [k & 0.25 degres Hourly
Ho8 SR, o, iR 0.5 degree Daily
JRA25 FFENT JEuE, SUE 1.1 degree (7K°F) 6 hours
MRI-AGCM RRTER 0.1875 degree Hourly & 3 hours
CMIP3 Pk 2 ex. 1.875 degree Monthly
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SRR T L T B (B 21X Kojiri, 2006), AAFSE
TILSiIBUCD H /11 % Hydro-BEAMIZ 5% F I L Tk
CE AR 2 FECIME S, 201 1) %2 F A A2 E A
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Fig.2 Flow routing in the Nile River Basin
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END

Fig.3 Algorithm of stability analysis(Okada, 1988)

(2) KXETILEAZEHEDLEa2YTUY
~ AT

AETIIAKRLET VI EMEDbE a7 7 b
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TUA Y ORENEF S 2 X, ZEMESHT
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Fig.4 Distrbution map of water balance components
(Evap, Qs+Qb, Win)
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i it (L R+ R ), EMEERK R AR LTV D,
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T I K815 TR 900~1100(mm/year) T B, &
FEHBEAETYATIBETHY, BDERETHD,
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HH, BKBIXFERK 750~950mm Th 5, HiE
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FRIEHE,  HRE B 3 40m L TP I L B
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HDHZ NN,

3. 2 HiRBD KIS R

AKE CIRETE CRUE L7z 3R m Ak SR & A R
HET VST LI 2O BBUEE 2 ik 3 5,
ARG T o D F A V)L, 2 g g,
Bt Mgk & R AL S S A BT L B i ek AR
300 77 km? il 2 5 K TH Y, WL 200K
TR AT 21T H WER B D, +oy7e it
HERBE AW TIEBNANT —ZIZxfLTh+
SRFEENBLETH D, L, FTAJIFITE
HHEHL BT — X ORBICEA L THoThnied,
BRIBENT —2 07— 2B EIRETHLIZ L, &
AR OB EBRREINT — 2 IR E LTZ 08
TR IR Z T, T 0 EEORKNT
— 2 %7V vy RL-ULTEIFT D 2 & i TR
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Fig.5 Validation of discharge in the sub-basin

4. MRI-AGCM&CMIP3IZ & 5 KR ZE EhHEET

KEMSCCUE, 22 AR5 0 20km D GBI ST T A Bk
X & & 7 /U (Meteorological Research Institute
Atmospheric General Circulation Model: MRI-AGCM)
& it S & AF 56§ W (World  Climate  Research
Programme: WCRP)IZ X 2 $ 3K fE & 7 /L FH A LL G
71 ¥ =7 h(Coupled Model Intercomparison Project
phase 3: CMIP)DfFEREZFIM L, 21K I = L
—va YOANEEZRFTT 5, KEEBNCTEEY DB
JF [ 2% 2% JU (Intergovernmental Panel on Climate
Change: IPCC)D 41k # & E(IPCC, 2007) THIH &1
72 CMIP3 Ittt 4% [E D W 724 B THH % S /- %D
KEETNVICEDERBRTH L., Web¥ 1
(http://esg.linl.gov:8080/index.jsp) TAB SN TW 5 7=
O, #THLAFHRTH DD, 20t HHERD?2
W (MEHE)T —F IR > THITBREE D A4 XN
HY, T=FOANFRETTHORERY ) &R &2 E
35 (GE/A 5, 2011), CMIP3& O'MRI-AGCM O %3k T
BENZoWTIE, AIBY U A (REH OIREZEA A

TR BE AR 20t AR 2 20 4D R DRI 25) 1T & D FEBREE R
TH D, CMIP3DWL DO0DGCMIZ DWW TIXT
CITNT (BHER)ORRE AL TWDLR, EA
HOO)WZ LB &, Rl—ETNMIC L DT v DER
NS WED, 1T M7 TRESETWD, &
GCM D U] v Wy v #i PH % Table3 12 £ & » %,
MRI-AGCM T 3 RAEIR & ik D 2 IZBRE L T\ 5 7z
O, RGBT E S E RV L ICHEER
WETH D,

4. 1 GOM/NA 7 R#HIE

GCM DO AEAFFRRFES I 2L —a DA
JEL L THREFT D, ET AL T AEMET S
TEPHERESN TV D ORIIRTH B, ARFFETIE,
GCM BUE S M5 H BIME % iy BB e O\FEfRAT 7" o &2
7 NERAWTER SN ZBEREEO A BIE & —E
SELFEERA L, 28, WELEN 2 FU L
(100%LL )& 72 2561, AL LD EXMHIE &
LTE%RERERNEEZ, EEREE 2 & Lz,
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Table 3 Utilized range of MRI-AGCM and CMIP3

n corner Number of data Spatial resolution
° NAME Country Number of x mesh | Number of y mesh Longitude Latitude East and West | North and South Total Eastand West | North and South

1BCC-CM1 China 192 96 22.500 x=13 -6.528 y=45 1 22 242 1.8750 1.8650
2|BCCR-BCM2.0 Norway 128 64 22.500 x=9 -6.977 y=30 8 15 120 2.8125 27910
3|/CCsm3 USA 256 128 22.500 x=17 -6.303 y=60 14 29 406 1.4060 1.4010
4/CGCM3.1 (T47) Canada 96 48 22.500 x=7 -5.567 y=23 6 12 72 3.7500 3.7110
5/CGCM3.1 (T63) Canada 128 64 22.500 x=9 -6.977 y=30 8 15 120 28125 27910
6{CNRM-CM3 France 128 64 22.500 x=9 -6.977 y=30 8 15 120 28125 27910
7/CSIRO-MkK3.0 Australia 192 96 22.500 x=13 -6.528 y=45 1n 22 242 1.8750 1.8650
8/CSIRO-MkK3.5 Australia 192 96 22.500 x=13 -6.528 y=45 11 22 242 1.8750 1.8650
9 ECHAMS/MPI-OM Germany 192 96 22.500 x=13 -6.528 y=45 1 22 242 1.8750 1.8650
10{ECHO-G Germany/Korea 96 48 22.500 x=7 -5.567 y=23 6 12 72 3.7500 3.7110
11|FGOALS-g1.0 China 128 60 22.500 x=9 -6.977 y=28 8 15 120 2.8130 27910
12|GFDL-CM2.0 USA 144 90 21.250 x=9 -5.000 y=43 9 20 180 2.5000 2.0000
13|GFDL-CM2.1 USA 144 90 21.250 x=9 -5.000 y=43 9 20 180 2.5000 2.0000
14/GISS-AOM USA 90 60 22.000 x=6 -7.500 y=28 6 15 90 4.0000 3.0000
15/GISS-EH USA 2 46 22.500 x=5 -6.000 y=22 5 1 55 5.0000 4.0000
16/GISS-ER USA 72 46 22.500 X=5 -6.000 y=22 5 1 55 5.0000 4.0000
17!INGV-SXG Italy 320 160 22.500 x=21 -5.047 y=76 17 35 595 1.1250 1.1215
18/INM-CM3.0 Russia 72 45 20.000 x=5 -8.000 y=21 5 1 55 5.0000 4.0000
19/IPSL-CM4 France 96 72 22.500 x=7 -6.338 y=34 6 17 102 3.7500 25350
20|MIROC3.2 (hires) Japan 320 160 22.500 x=21 -5.047 y=76 17 35 595 1.1250 1.1215
21{MIROC3.2 (medres) Japan 128 64 22.500 x=9 -6.977 y=30 8 15 120 2.8125 27910
22|MRI-CGCM2.3.2 Japan 128 64 22.500 x=9 -6.977 y=30 8 15 120 2.8125 27910
23/PCM USA 128 64 22.500 x=9 -6.977 y=30 8 15 120 28125 27910
24/ UKMO-HadCM3 UK 96 73 22.500 x=7 -5.000 y=35 6 16 96 3.7500 2.5000
25,UKMO-HadGEM1 UK 192 145 22.500 x=13 -5.000 y=69 11 31 341 1.8750 1.2500
26/MRI-AGCM3.1S Japan 1920 960 22.875 x=123 -4.966 y=453 91 198 18018 0.1875 0.1870
27/MRI-AGCM3.2S Japan 1920 960 22.875 x=123 -4.966 y=453 91 198 18018 0.1875 0.1870
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Fig.6 Prediction in the end of 21st century by MRI-AGCM and CMIP3

(left: 20th century, right: A1B scenario, no bias correction)

4. 2 MRI-AGCMYFRSIRIE &+ 1 L& TR
HE

EETOERMA T avickbar7y 7k
fRAT 2 a9 D Al & L C, FREEE T otk
K L AERRE B MHBERMR AT D, Ak
IXCMIP3% & L 2GCMZ KEKIE M &k & LEEEIE
WIRHR 24T 21X K0S, RFRSC IR aHR o 7=
b, AEICTHHT 5MRI-AGCMIZ & 5 W35
NoEBELNDMBEXZCMIPIC WS, RIERK
0.6486 L W EQOMBEANRAOND LEX D, 5%, B
BB 2 5T 5 2 L &R AR OB S
AT L ETHRETHDLEEZD,

4. 3 MRI-AGCM&CMIP3C & Bk K IRBKE
D HEE

AHTIX, Fewm Uit K DBAKFER D27 Y
7 RN ZAT D 72, MRI-AGCM & CMIP3% Fiv T
QU R OBKEELHEET H, A L7ZGCMIT

MRI-AGCM(2075-2099) & CMIP3(2080-2099) o &
24GCM, 4854FE45 D FE/K i (mmlyean)ELEE TH 5,
2 TOGCM THAERBERFIZHTR(4.181) L7z A 7 A
WEE{T-oTW5, DF0, SEE L TV A Z
B R & 21 R R & O & fE Y 7L
ML TWNWL I L LRAMETH D, Riw3LTIL485
FrOK[BEEON, Bk FAL20% (5412 1E] O fifE =)
ZSMEEKIE, TAL10%% 104E¥8 K fl, TA75%% 20
EVEARIE, TAL2%7% 504 18K E, K OVTFAr1%% 100
FEVBAKIE E L, RimsCCIdaign@.38h) chie Lz
ER A D CRE S 2Rt & 2 R FTRE K&
WHEOERE L Car 7 U s ENT O IZE 0] §EfEIK
OHFISEMEE LTHWS,

- -
— —

5. ERERFEICEH21HERT A ILNIFREK
FEDD

ARECTITEEFIE S TV A0 LHRH T A —

— 585 —



2 OB EEBA L, vF U Ao B K E
ERETDH, BLETHRSZEY, FAO FFHEIC X
D& A NN E O R R T 1980 FAU 5
RATHIMEMNICH 5, ZOERAEZRL 21 K
FEmT D0, A TIRO)RO L 9 IR
EAEAT S,

AL IONIT

FERIRIE O = e - emiramn . )

Z 2T, R R RERERE iE A (km?) & X, FAO Aquastat
2 & & S Tu % Nrrigation potential | % E 0k L,
AFR LTI Z OfE & BUEREMEE A (Aquastat TFIZA
LERFOM)E OEZFRY M REREE L, Z0OME
CHEPIERERE E O E DR BRERRE L ERT D,
FERE AR PE R 0 J7 5L, BUAE - HOF A CREE i f 03
FEL TV DG O HE R & SR TN s+,
N5y O AR & #0 T & KR & B < il MR o,
BRREPLELIIC EWVILEEIT-> TS, Alb
DEERFE TV AOTF, #EMEREEE Ik
B K EA T v 3 v BIRERE K & (Gtlyear) & B E
T 5, Fig7 ICEBEMRBEGE T > a )oK T LA
Y — OFFEME K EOHER 275 L, Fig.7 DRk
IRERBECH Y, BERRBEN 0%E W Z LI,
BREOHEMHE LS LWERER)TOIZ L2 E
W95, 2k, REBRET VCHEESND &ITHE
MERAKETHY, BIEFHEBRE &% LVWEIC
Aquastat o [EBIFEREE K &I B EE 5 L 9O IZH
iz T->TWVW5D,

6. KXETIHEAZHEDLEFODIUY
hEEATE R R

E1—]
6. 1 EXERDERTE
100

- % | OEgypt OSudan&S.Sudan ¢ Ethiopia AUpstream countriesl
g‘ o o (@) (@] q
@ 80 1 o ©

] o

h=g o O

5100

‘f 60

2

o 50

: 40 g o o o o B g
g ] o O

.0 o © °

2 30 4 o ©

g Y

£ 20 1

3 <

[~ 4

8 10 & A oA A

0 A—a—bH— 4 N b b

0 10 20 30 40 50 60 70 80 90 100
Ratio of development for irrigated fiel@)

Fig.7 Irrigated water use of each player in each ratio of
development for irrigated fields

ARFE T, # 4 FCHLNIZEKREOH A ATREK
ERE LRERREHE) L, B 5B CHE LN RN
T ) ABIEAKEREE ASMEE Licar 7Y
7 NMEWNEITD, a7V 7 MENEZITO 202X
HEABERTCHD, AV —, A7 ar, &IFIA
FhaRETLHMNEND D, KLETNVHNDEMED
Hiear 77 MEFTCHREERTH 5, RIFETIL,
FLAY—% AT LAY —, AT arx1l@ED,
BRAFIEFF & 2 BEMEIC 3R E T 5 (Tabled), 7 LA ¥ —iX
FANNTHRBTCHH =T b, PHRIBEO R —%
Ve A—Z U, FR AV EREBE O F AT,
EOBEFANNEREE(Y T 5, =7, 2o
=T, TNV, VU UEYET B, AT a TR
EFREE 0%, 10%, 20%, ..., 100%& 4% 11 @
e 5, BHIEF (T VA Y —IZHT 2HEEDES
ZUET HHESEIEF)ITE LI B EBUKEN S NER
EEESL, 2 IC(AEBUKENFE CEOHEIX) T A
TV ER K BRI FTREK B & & KR EDOZE)D
ERENELERIFIEFRENbDETDH, DT
LAY —IZX LT TV a izEznEntixk Th s
72, EESHIT 14641(=11 D A F)E 0D, KK
LU FICET AV OEEZ Y T, Fig3limrd
TNAITYRXLEFHETD,

6. 2 MEFEAEHAOKER

AfiCix, KXETNVHEMAEDE =T
7 NMENT % T A NV Lk R A2 R, ¥
figf# (Equilibrium)iz = > 7 U 7 MR, S F 0 ER
REDOHKBEELZar 7)) 7 FOELEILETHS,
a7 V7 FOBELELLELT, YEET VA Y )
PTENVZ R Z TRICH T O LV 5 21TE 2 HIREIZ R
HEVBBRIREEZIToZEETHY, ZhZhictk
STHHONLbD, L IEZTEDRITIER
LRNVLDEEZBND,

Fig.8 (27 A NI FIRICABI R FiE 2w A L7z
AERAEIRT, Mt T2 7V 7 NYBRRICE T 2
BRI E OB ThD, KEKFETT L
A —@lc a7V 7 SR o R I iR
FHEREL, FHELR L, 2B 5 4£18
Kz 1 &L, 100 Fik%E 5 LRFLLTWD, ZD
TIT7X0 T A Y —MTRAEIBEMERD LT
LHIENbnb, TFFET, AF AN EEEREIC
ML CTIXBAKENE L 2 bIc2oh, REBRBED
BRI T 2 mich 5, —F, =7 b
EARA—F Y s A= ATEAKRENT L 2L L 72
o T b J 3 B 38 B o0 B AR S8 1T AR 3 B
WEBTrE & 2AE D5, Fig8 LhbhrdIZ i,
(B 213)20 FEKFEDEEREDO T LA ¥ —FH)E
45(%) TH DAY, T D 45%) &\ 9 IREEIT 20 A K

— 586 —



=
o
o

—O— Egypt
—&— Sudan&S.Sudan
—<— Ethiopia

Upstream countries

©
o
!

©
o

70 A

60

50 A

40 1

30 4

20 A

10 4

Ratio of Irrigated Water Resources Development (%)

o

0 1 2 3 4 5 6
Fig.8 Result of conflict analysis

(Horizontal axis, 1: 5yr drought, 2: 10yr drought, 3: 20yr
drought, 4:50yr drought, 5: 100yr drought)
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Fig.9 Visualization of plural equilibriums in the case of 5 year drought

(upper: 10% to 50% refinement, lower: 60% to 100% refinement)
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Fig.10 Visualization of plural equilibriums in the case of 20 year drought

(upper: 10% to 50% refinement, lower: 60% to 100% refinement)
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Fig.11 Visualization of plural equilibriums in the case of 100 year drought

(upper: 10% to 50% refinement, lower: 60% to 100% refinement)
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Conflict on Water Resources Development between Multiple Countries in the Nile River Basin

Masahiro ABE"), Kenji TANAKA, Toshiharu KOJIRI and Toshio HAMAGUCHI

(1) Yamatosaka Dam Office, Ministry of Land, Infrastructure, Transport and Tourism, Japan

Synopsis
The aim of this paper is to propose hybrid of conflict analysis and hydrological model. The method is
applied to the Nile River basin, utilizing MRI-AGCM and CMIP3 as boundary conditions, land surface
model (SiBUC), and distributed runoff model (Hydro-BEAM) based on scenarios which depend on irrigated
area. It is reasonable to consider graded options in order to express events among qualitative preference
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orders within feasible events and a method is proposed to operate graded options. The method to visualize
plural equilibrium events which calculated by conflict analysis is proposed. Results of this method would
describe that it is necessary for adaptation on 20 years drought years in the case that all basin countries
develop 40 % of remained potential field for irrigated area. It is indispensable to feed back to the set of
options and preference orders by decision makers.

Keywords: international river management, hydrological model, conflict analysis, Nile River basin
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