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Study on the Uncertainty of Water Use Based on Cooperative
Game Theory in the Dongjiang River Basin
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Abstract: The cooperative game theory in economics was introduced into the analysis of future water use
uncertainty of regional water use sectors. The cooperative game theory cores of productive, domestic and
ecological water supply of the whole Dongjiang River Basin and its sub-regions in Guangdong Province
were made and future water use for each sector was allocated in a form of value range based on water de-
composition model involving cooperative game theory, considering water opportunity income of water alli-
ance consisting of each water use sector under national total water use control indicator. The water con-
sumption index sets of the whole Dongjiang River basin and its sub regions were provided, and the control
amount intervals for productive, domestic and ecological water use in the Dongjiang River basin in 2020
are 4. 26 ~6.29 billion m’, 4.26 ~6. 29 billion m’, 2. 52 ~4.21 billion m”, 0. 046 ~0. 93 billion m”,
respectively. This provides an important reference for future water management of the Dongjiang River ba-
sin under water volume control.

Key words: cooperative game theory; core; water use uncertainty; Dongjiang river basin

« WS HHEY: 2013 -12 -06
E4UH: EEARPAESRIWE (51210013, 41001019) 5 T~ ARAKFEEAIFT I E (2011 -11); ik
iy T ARAEAGIE NI E AR SR AR AR Tl B R SR BFSE. (ACCC/20100705 - 1)
EER A MIH T (1986 44), H; MARAME: KXSKFEPR; BWRMEE: FHEEEZE; E-mal: eescxh@

mail. sysu. edu. cn



439

U pE A . ST B SR A AR TP KA B E PERT 137

1 WEE 5

LS T, XA TR RS2 N ik
B, MR, AR L KRR K
WG, RILERIATRE T, LI HIX
e K S KGR A e B A F BRI, K BE IR
DOACTE B A TR DX BRI ot SEE B4 7 M b
R, DRAP R S FRBE K 22 4 PR e ) A B AR S H
Z—, P, BRI E R H A R
HOS RIS X BT, XFESITHK ST 24
MAEARFZSBRBE (i, XEAET) &l
9 PR 5 S FK B AR AR AR A0 7, K &6
PRI AZ AR J) o B Jedls (1) 7K & T 45 7
mt, AT (R K F 5T 35 A T
T o s K AN E SRR T () KL #ESr
UK PNECR, sE @R . Raush i F i
R E T R R 1 2 4R A — S J Ry k1 B
FY M S BRI A2 AR A A R BT S0 Y 5
E L & Sur i il i) SRS I G N 6
I, AT TR AR E P e, RIEZma AR T K
IR RTEN 2, 15y gk 7 52 AR el
T T R BRI PR R 1 R K AR A ABE AR 1 A
FHK AT 2 PR T AR B, JCHETE 2 A /K
SEEHrL N, WHKRGME, D&
IR TEAE RIS A e B ok R, 37724k
E2S N ARV & N B o E T S E TR N i A U
e RS AR R 1 3T 5 A I B i
B AE 2R BE n] N i R — [l il S A — o i ik
o B, ASCTEMAGAE IR BIE R Jeal b, Sk
TR P2 5K AL Ies , g FoR g
FK SR T B TS AR IR 25 F K - K 0 i
BAY, AT XA AR T TR BANE s M5 o IFLA
JUARAE AR VLI S LA 3 AR T TR A O 7K O 191 i
PRESE, i & K P AR R 46 bR AR 3
UK SRS T AR K E AR B S
%

2 ESfEmZE
2.1 EFERER

FREIE (game theory) , MFRXHE, RIgE4
W2 NSRS, BATIETE3E  BREE i ey
AT R, R TR R WO W T i
(Cournot, 1897) FIRZ ik (Edgeworth, 1981)
SEXTZBWTRIAE IR SC, 1944 4E, 5 - ipikE ()
+ Von Neumann) FIE 4 - B ITIH ( Oskar

Morgensten) 7£HA B LHAREEIE (9
WH5%547 ) (Game Theory and Economic Behav-
four) PRI TSR BI A2 ELR " A1
MEEMEAEIZE, BT, B2 ik, W
W, I 285G &5 AN T4
Bit . AL SRR LRz h
2.2 Atz
BYERRBE S 5 ANA — W] 2 i 2L R 3h
PR, BIEAERAMER . B ESATET: X
o2 NS AT 2 FEER R 2 ZECRA el
B S5 NZ IR/ Gner & 3 25 73 ok 2
g a el (B ) 2
221 RE XA ARBA, BN= 1T, 2,
, 0o, ZHMEE, RES N EM—4 T4
S H—ERH . FEERTEOL, RIVFIS= ¢ A S =N,
2.2.2 HrfEdE BWIEIERRTPANESG N N =
(1,2, =, nt, v (S) &&EXENH—UITE
(RIBCHE)  ERySefaeagl, Ho e -
v(d) =0 (1)
v(N) = };U({”) (2)

Mo (S) — ARk el Bl B ek 8, B Ran ik
S AR AT RIS, sBci S ot
SEIG B AT RAT I R ORI AR, ORI T SRR T
BEIRRSLIY o g R NS N FIFFIE R K v (S),
P AEREZREh 6= [N, v]. B1EMIEW
RIGTTERIA “EET M AEET R, F
JERIHK R G R, ASCEM “ S I0" JriExs
PRI AR T A TSR fife

2.2.3 #73 i NGEEZEG= [N, o] i,
Wa= (x, 2, -, %) &—"ndimsE, WL
T PR 551

v, =o({i}),i =1,2,--,n (3)

Y x, = u(N) (4)

WIFK x y—~4619 (imputation) , s{FRIAC, 2
AL, ic kT (N, v),
2.2.4 8 6= [N, v] Z2—1n NGEMH
R, =N v = (2, %, =, x,) el
(N, v), XA S CN, e
in = v(8) (5)
XA « RS FROTTEE 6 BI%.L, IFid
HEC (). FLx(S) = T, W
C(v) = {x|x € I(N,v),v(S) <=x(S),S C N
(6)



138 HIlRA R AR (ASRBERR)

553 &

e B— I, AESIPIREIAFERN G R &
-, LA C. (v):
¢y = [ =HR s g
VSCN,S#d,x e I"(N,v)

e BTG MER, Bl e >0 0, ATLIA
VEIZR 0 RO s AR N RS 3R & - AZ0, T
e <O By, NPNGE X BESR, W LIS VER
FERIZ RN

17 ey MR e - Bl Co(v) # b M e
MFx C,o(v) R G MF/MEL, I8k LC,

3 T EAEEIEN XK A E
PEWFE

3.1 HREER

RIS FERIL = I f AR Lo, X 5
1E 22°38' ~25°14'N, 113°52' ~115°52'EM"™ | 49T
JER L BN ZRBEL TN BRI B A HE3 000
BANT B A T AR HK R K B
WRA TN LT RGBT 4 ), GDP
25 R4 GDP MR 7 M (493 Jifeon), A
AR EREREGE . e A HRE
PR ARRIR M, (1S ARV K2 2 HAA F R EGA
LU X TR AR R AN 326.6 {2 m’,
FIRT, ARV 38 SME UK B8 B 2t 90 12
m’, G R T R VTR 90% R KA R T
M4ESr K A (106,64 12 m*) , it F /K 3 K,
BURHDK R E A . 2 s, iz i
UL B R D, W U2 R R K
XA K 2 A I B
3.2 ¥R

AU R T ARG AR T R . E
HRE. ML WINBH R TSR, PR R
HIE 30 £ AT GDP F14% 77l K k45 T A
ST KRBT R ARSI, KA

SIET (T REKEEAH) MSHT SR
3.3 ETEEEFENRIREBAKLSHESEHR
e (EDK SR LR A R AR R H)
IKGEH B AR R K K — 4y g A
FAK ., ARG RK 3 K2 RKIEA1ERZE
S, DA K A S KR AR 35 FHZK AT 20 58
—ANFK KIS, 2 K P A —A ] S i AL R 47
ST, B K S P H e br . A e 1Y )
A K BARTN) AT REALRMRLE FH 7K 5k
B(S) 7 AT B 7 45 FH /K P A8 FE /K BB B A 3 i
/N )R G AR A I R WA g (PR et 4 il
f6b5) FE K P 34T Gy TR T A
VETEZE 00 PN 2 PR RIS B e A S 6 B S A
FKKERER N AT R ML s v(s) , X
BCFRH ZK I S e xof JEG BT AR A 4 14T 5 B4 T 1 35
A R E R 2 BT K R A B
FKB R VE R AR AR AT i B B S e i %0
EXT 28 FHAK P Z [ K B2 W s B i 20 . 48T
AR BHATE TR AL SR, 2% FKGEE
Wik, A FK P 30 4F ok K A8 s
fiE, ARIEBUR AR X & 8 Bk, ieHs5H
IK KIS 2R v (i), HARFI ]
SYBCRY KR, DMARBLF KSR g, K
S MBI ss o(s) A2 5458 04 K P
FIBRK R B RK R Z G LS s o) ZH,
1 DX HIZK K L2 s 22 A0 R SRy s s as FHZK -
BT KL es (R 1) o FZKREREL N 1
Wgi v(N) 2% 2020 48] AR 48 K S 46 br
SMEITEME (£2), F, XHE&HKSHK
BLE RS 1A B A A R FH 7K 36 11 4R 45 1 FH /K 2 1K
No MG, FTRAEEST K SRR A AR T
A& REET AR % FZK P FK o s R I f
SR AR, DA T2 X R R K A AN e

1 RN 2020 4R 73 XK P 25 RDK B BL 2 Wi

Table 1  The opportunity incomes of water alliance for each water use sector of each sub-region in the

Dongjiang river basin in 2020 10°m’
HhIX A7 K A=K A3 K A+ AR A7+ AT AR + AT
LT 0. 08 0.02 0.05 0.12 0.15 0.10
YR 12. 45 0. 05 2.12 14.4 17.5 2.4
B 0. 69 0.01 0.15 0.8 1.0 0.3
M 12.70 0.09 4.13 14.7 20.2 4.6
HHI| 5.43 0.24 10. 13 6.5 18.7 11.4
5 8.93 0.02 7.79 10.3 20.1 8.6
) 2.34 0.03 1.24 2.7 4.3 1.4
EctiRo 42. 61 0. 46 25. 60 49. 53 81. 84 28. 66
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Table 2 The total water use control indicator for each sub-region in the Dongjiang river basin in 2020 10°m’
HIX. T LR B N i3l R5E I R
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Fig. 1 The cooperative game theory cores of productive, domestic and ecological water supply of the

whole Dongjiang river basin and its sub regions in 2020
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Fig.2 The cooperative game theory cores of productive, domestic
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basin in 2020 and its & core( & =0.9)
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