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Abstract

The operation management of inter-basin water diversion (IBWT) project is usually lack of efficient co-
operative operations mechanism, which leads to the bias between the operation goal of the whole
project and the operations goal of the participants. From both the perspectives of non-cooperative game
and cooperative game, non-cooperative game models under different coalition combination and cooper-
ative game models based on methods of nucleolus weak nucleolus, proportional nucleolus and Shapley
value for the IBWT supply chain are developed, respectively. The corresponding numerical analysis is
implemented, and the cooperative operations mechanism for the IBWT supply chain is also discussed in
this article. This study suggests that: i) the operations performance of the IBWT supply chain and its
members under the cooperative game based on the methods of nucleolus, weak nucleolus, proportional
nucleolus and Shapley value, are no less than that under the non-cooperative game, and participant’s
benefits achieve Pareto improvement. ii) Due to the water supplier’s advantage of “first-move”, water
supplier gains more profit than the local distributor and the external distributor under the profits allo-
cation scheme based on the methods of nucleolus, weak nucleolus, proportional nucleolus and Shapley
value. iii) The local distributor’s profit is not improved under the profits allocation scheme based on the
proportional nucleolus method, and the cooperative alliance is not stale under this allocation scheme. iv)
The profits allocation scheme based on the methods of nucleolus and weak nucleolus shows the thinking
of equalitarianism, providing a more equitable cooperative-operation mechanism for the IBWT project;
the profits allocation scheme based on the method of Shapley shows the principle of utilitarianism, pro-
viding a more efficient cooperative-operation mechanism for the IBWT project.
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1. 5|

FEARRSERNE 5T, RS EAR KRR H @R, @EMEE T 2 MK TR, i
i K AE T T RR AR B T3 e 1 b 7 i X K % 905 7 i 5 B K i K AR [1] [2] e TS i /K AR
NI, ZKE. 2R 23K ZHBRNEIOKEIRRRS, #EAHK. EK Bt Ko, it
BEEEAYEThRE, W R 2 B TR Z KT TR 2, T RS S Sk VEURRC B A R iR e A v [ 1,
T AL B B A B 1 R ) i R PR R 2 f AL, AL, (3G S B B 8 5 N BB R K T AR s 8 v
H B A AR SR 1) P AT 1 R FH R3] [4]

AN 2 A N B A 5N B BRI K TRE (3 B R /KA T AR s A7 b, o g /K AL VA 4 I
L KEIEAN S KRN, KR E DL AN BE P S35 T T T . © X FREAKd
VR 2R A B B VS JERIAF 7T . XA (2004, 2005) F 5B 1 AN AR B E S 5 5 T RKAL I B
B RATE, FR0T T rE /KL UR 4R 2R AL R (1 ME S A T RS VR R X[3] [4]. BREAZE(2010) 0 41 & T 5 4R /L
AU H bR R R /KGR T2 12 8 8 B 0 A 2R SR G AT TR FL[5]. @ KT /KA A AR R Ak R e A 72
TR (2008) 1 7t 1 R K A6 25 B /K B AR S PRI B & 8 A B [6] « 5K TS5 (2008) 37 1 P 13 T 7 A0 A% AR
R 7K AL 2R 4 7K 7 U AL N7 A S SR [7]. Chen Z5(2013)RIF 58 1 1 7K b 193 30 41 i A WLk K7k B AR A T 5B 7
H[8]. @ KT BI/KILMARLME N HEFEAFHT 7T 2R JLIESE(2006, 2008) 73 73 £ 57 1 B /K AL 7K B S BE VML £
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SRARAY L ARXSARAT AR AE T B2 A7 2 ) R A AL [9] [10]. EHEZ055(2008)F 3 A6 VMI L) Rk AL
KR AL AE SRSS BEY[11] @ KT R /K AL AR 2 At L REA B8 SR 7 o 2R L 56 (2005) 734 1 P 7K I R 4%
I IR A I B A 0 AR [ R DR AR T AR R R R R [12] . ® K F R KAL A AR LN AL B L. R ILE
(2007) #2571 R /K AL P AR G A S /K BER G B (10 2 H AR BARL[13] . BREFASE(2010, 2011) 53 Sl A7 T W T I HL 2>
T EE /K A6 Newsvendor fEAGEC B Y [14] [15].© & T Rk AL TH A 2 4 B 5% 1 1 5 & VEWE 7 - (35 #4195 (2009)
LT R KA T AR 2 At B RS TT B R B 1 Bh A PRI AL [16] . Chen Z5(2012)BFF 5 T I 2478 R R ZK AL 1
PERIEEI AL 51 A[17]. Chen %5(2012) 57 1w /K AL T N B -G RG5O AEXS R Nash B /B A 34[18] . Wang
A1 Chen Z5(2012)HF 7t 1 Fa /K AL R BE RSO A e 0 5 E R 77 S8 [19]. 4R, B SCIREUDE A BT ZR A gk 4T
P A A 7K B A R 2 20 T PRI A AT 9

SEEAT KBRS VEI B M HE T T A/DATSE, Heln Young 25(1982)44 K% 5 A S H T /K B 5T & o B A%
A5y PE[20]; Tisdell £5(1992)iz F T AN A& VR ZR 7 VE WK BUEAERC B, MR B4R 55 A 1 4 il 77 6 [21]
Lejano %5(1995)iz F MIYGAL AR AR b 7 R DN KGRI TARIZ ', JE TSR A- 45 Shapley {8 7772
HEAT T X e i [22]; Teasley 55(2007) iz A 1F 2R I 7 v 0 AT 1 88 F3513 1) 7K 52 R4 VR IC B [23] s Wang 552003,
2007, 2008)iz HIAZ A= fi# A1l Shapley 18 7512708 1 I IS/K BEUR-& VERC B [24] [25] [26]. HILA FRIARE T8 R 2 500 5 It
WK AL R BE A VEIZ E LRI IERTT, 1A B A T 2R A %o 195 8 3 8] 7K A IO e 1 A A RO B % 5 A ) 2 0 Bt
TR T

PR KA SRR o, AR A RN S S RS EEENS, b FFSE ERER TERE
SR a A, MRS 5 R0 TR RNEEE B AR RS Qe B 5 SR . M 2
BERIEESAENLE] . $2m TAREE UL, SLIS 5 A28 Min RAToell, BN B R K L B B s 8 HE v
TIOR8 . AR SCEAR A AR S VE R ZER AR ARG A, AN (R B B 4 & 1 B I 3 K 4t B
(AR SR T g 7Y DA K JE T = FhA% A= 592240 Shapley B 7 L& MF 2R R, HE3EAT 4 EE BB 2047 .
2. FERERE

PERIRIAK TR R —N2KE. ZHMZ TR, . &, UK KRB RIRE R KRS, ML
WA, PTCEAGA R GUAERIRT « AN b 2345 7 R0 A0 H 23 B T A BRIKI K BRI N BE R G N TR 2, HH 1 bwid
Ao T 2 BRGNS B R o A SO B R GEAE N R o AN IR 0 i 434 7 BAAESF SA R K AR 43 R ¢ ¢ Fle,
RGN 7 AN A0 b K BRI AN 23 50 wy R w, A HER A1 R 24 R 2t K AN 23 R py R p, s ASHIRD AR
IR TN oy T, ASHOAN G 2 A7 P2 B K 520 5l g o Ry, AS AN &b b 2385 35 7K IR T I 243 3l
o, FH q, » A AN SN K G5 TR SR OSSR B I BUBRR 20 N o, By, o ASHIRI S b 7 %o B K B () FH B 2
RN BRI B, HO<B, B, <1, SRS 8 5 K BRI RN o fl @, , HO0<g,p,<1, H
B+ o, By + @, <lo Zuii/KBHIRT SRZ K FKAN (52, BEK RO, FA AR K RIEsE, MK EER
T SR KA AR, UK B R T SRR N o DRI, A Hb R4 1 243t 7K WU 5 SR BRI 5 R d (py) = o — Bt — 74P,
dz(pz):az_ﬁzrz_%pzo )H\Uﬁql(pl):dl(pl)’ (]z(pz):dz(pz)_%rz0 AL RFAZE Ty ARG
P &S KA py A py s RS B AS i RT A MK B R A w AT w,

PEIR R K TAEH, RGUBLN R« AHAN SR 1028 s 7E AN R B B2 {WS}, {LD}, {ED}, {LD, ED}, {WS, LD},
{WS, ED}, {WS, LD, ED}J H #5555 5 A«

Ty, = Wit (P,) +Wo0, (P,) [ () + 0, (P,) ¢t | (€)
o =(P-W =)0 (p) )
g, =(p, =W, =¢,) 0, (P,) + P21, ®)
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Mws 1o = Miwsy + 1Ty “)
Miws eo) = Minsy + ey ®)
Mo o) = Moy + ey ®)

s 1o.e0) = Hyws) + 1oy + ey 7

MAEA 1 8 2 0L R P R A SO0 A0 AN B B 20 T B Ao K 4 1 0 £ A
LA R T4 47 7 v 0 Shapley (E 7 v (KBS VLR VB K 6 R 66 45 F 1 20 H0R), IR b 47 0 LLACIE A2
3. FEKRAE THERERKAN EEAIFEFESHLERE
3.1 ESMiEEK BRI A

E%?ﬂ‘iiﬂﬁi)ﬁ7K1#ET“%L4EA1’ET$3$H%MY7J”% RGN B S YRS A R AR K IR HE R AN w AT w, T,
A Kb AN A1 b 348 T 2 Sl R SR SR 2 KA p AT p, s U B IR K AR B BE I AR A AR TR R AR A A R
max I, 5 (@ (P (W), 0 (P, (w,)))
max T, o, (P,) ®)

st
maxH (pz)

RIFZARG VR RIZR I, AT A5 A AN S K SIS B HE A« 28 SRk i AT T & 53 a9«

W = ;J - Br)+ (cq) )
W= g i) ey (o-e) 25 (10)
p141( - )+ (e+c) (11)
p; = 432( - )+ 7 (e ,)- o 12)
G = (- An)-Fn(e+e) (13)
% =2~ A >—172(c+c2)—§¢2r2 (14
RAGUHERIR A 2B R AN 2B v (R S A R o N
i =g (e~ A8) 70 +) ] +g (@A) (o) ~2005 T <o (15)
HLM:QZU%—AQ—A@+QHZ (16)
Mieo, = 16172 (0= B1) =72 (c+e,) + 20, ] 7)

3.2. BEREEkENERSPKENIESEEITER
P AR K AL R % R R B R o M = ME I . R 4 A {WS}, {LD, ED}, /= &85k B 4H &{WS, LD}, {ED},
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P A K A N A A 1 g AR

RS 4L 4 {WS, EDY, {LDY, T THIKF 4 B M i = = I LR (R gL
(1) RMBREIALA(WS), {LD, EDYIIEA i EEFIREL
B VR R K BB R R B AL 45 (WS}, {LD, ED}E A E MR I T A : RGN B S sk S A A St
IKGEIRHER A w R w, o T, A0 b H 5349 2L A O R B S K A p, AT p, U5 BRI B AL 5 WIS},
{LD, EDH{AE A G T

maxH (ql(pl( 1) qz(pZ(W2))>

(18)
st Max Ty o e, (P Py)
KR ZAEEEEZE S, W3 RGHEN R AHAN SN 48 75 BB B A 8 1 R 43 ) A«

. 1 1
My = g[(al - Bn)-rn(c+ cl)]2 +§[(az = Bob) -y, (c+c,)- 2¢2r2]2 +copl (19)

1 2

N 1 1
I pep) = W[(Oﬁ -Bn)-n(c+ Cl):|2 +W[(az =Boty) = 72(C+C,) + 20,1, ]2 (20)
1 2

2) JRERBRIAA A{WS, LD}, {ED}IIEA1EIEZRER

W AL K B B R A R B 4 A {WS, LD}, {ED}EGTEIZRIR SR UUT Ju: RS 0L s A A Hh 3 45 78 2H 1 1)
EC R 1 PSR AR M 2 K AR R K BEIRRE AN p A wy , BET, A BY R D SR L KA py WG SR BB R 4H
“{WS, LD}, {ED}HEA1EZBIR T -

maxHWs Lo} (ql(pl) Qz(Pz(Wz)))

21
st. maxl‘l o (P2) @)
RAFZAESVEIZR A, AT A5 2 G0 87 7 AR A 1734 R 4L s P B B DA R I b 2 85 e ) 50 R ) 2 3l
. 1 2 2
H{WS,LD}=4_71|:(a1_ﬁ1r1)_7/1(c+c1):| +%[(“z_ﬁzrz)_72(c+cz)_2¢2r2] +Cp 1 (22)
. 1 2 1
H{ED}: [(0‘2_ﬂzrz)_72(c+cz)_2¢zr2] +_(az_ﬂzr2_§02rz)¢zrz (23)
16y, Ve

(3) REBRIAA A{WS, ED}, {LD}IEA1EEZRER]

W AL K B B R B B 4 A {WS, EDY, {LD}EGEIZRRSEUUT Ju: RS SL s Ao b 4345 75 2H 1 1)
16 B P e W S A 2 g 7K AN RO AR K TR A AN p, R wg, BETT, ASHE A T PSR A KA py, T SRR B A
“{WS, ED}, {LD}HEA1EZBiR T -

max I1 il 1 1 2 2
maX s ey (6 (P (). 2 (P2 ) o0
st maxl‘[ o, (P1)

RAFZAREAE IR, 7745 5 G000t L 7 AT A 707 7 2L Rl A BBk L A A 3 7388 e 140 B2 A 935 9 -

- 1 1
s eoy :g[(al -B5)-n(c+ Cl)]z +E[(a2 =Bob)=72(C+¢;) - 2¢2r2]2

1 2 (25)
1
+7/_(0‘2 =B, _(Pzrz)(ozrz +Coh
2
« 1
H{LD} =167 [(al_ﬂlﬁ)_71(c+cl)]2 (26)
1
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3.3. Bkt SRR ER
PRI K R K IR 4 S {WS, ED, LDMETE T, KIKHE H 5k [7] o e 58 A i FR 40 b (1) 28 K A p, FH p,
A5 Bk B 4H A {WS, ED, LD}IARAL R 40 R

Max Tyys 1o.ep) (Pr: P2) @7)

SRAAZAALTE) R, RT A5 2 3 R0 471 1t 253 4 24 Sy 7 A A0 T I B 2330 Ay«

« 1 1
Py =2—}/1(051—/31'1)+E(C+01) (28)
*—i(a —ﬂr)+1(c+c) (29)
P, = 2, 2= P2R)* 5 2
« 1 1
O, :E(al_ﬁlr-l)_zyl(c+cl) (30)
« 1 1
q, :E(az_ﬂzrz)_572(c+cz)_¢2r2 (31)

RGILRITE A KONG5 85 e 2H RS Ik B ) s AR 43 A
- 1 1
s 1o.eoy = E[(al -B5)-n(c+ Cl):lz +E[(az =Bob)=12(c+¢,) - 2¢’2r2:|2

’ (32)

1
+}/_(a2 =B, _¢’2r2)¢72r2 +Coly
2

4. BHERK N ESFIRITRE

FERTAAF SR SR @ 5 Hrdeati b, 70 nldE TAA= . §9i45. BeBliZA= T L& Shapley
BV B TR R K A S B S M 2R . b, AT S9SN EL A A T V4 B ) 2 AN R BER B 2 & e v ok
FAEF], AT RS 5 R4 S5 A BRI 32 . Shapley B3R ML bR oTik, /&RUR AR IZ IS 5 AN id ot
BRZHAT I, 2 5 NI N %S 5 AT 2 5 1 B B AL &7 Br stk i P 28, ARBLR 2 ZThA
T AP AR
4.1, BFREFENESERFTRR

5T SR K BRI () E ARk 5EA N = {WS,LD,ED}, j=WS,LD,EDeN , EEHEE SN &— 1B,
N BEFRARIE B, S,,S,, -, S, A KB N 19— A008], B TR k=1, WaJ",S =N, S,NS =4
V(S)MREHLIE S MARHER S, FoRBEM S 25 MR A1ERTREMF R RRH , kB LAAMATE RAZAE, 4
A BRI S B9 v({WS)) « v({LD}) AIV({ED}) o 523y, =X, +IT,, MISIHIRE S H1H Yigs + Yoo F1 Veo -
AL E PR ATFREN Y = (Vs Vios Yeo ) » SEAS EARTE A 3R A K975 25 (ayoff) 2 51H Xys ~ Xeo F1 X » WIFH 28
R AT X = (X s X Xep ) » 12445 26 1 Ji 6 RS 5 R 0 40 FRAE (imputation), L 2 AMAHERE . 44
MR [20] [21]e & x(S)=), X » WAHW TR §) MEEYE, x >v({j}); i) SEpmEE,
X(S)2v(S); iii) FEFAMFE, x(N)=v(N).

AR SRR AR, FRATBOE I NS4

v((Ws})=v({LD}) = v({ED}) =0, v({LD,ED}) =TT} g ~TTjp ~Io

{LD,ED}
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B A 7K At R A 1 T IR AR R

({WS LD}) {Ws LD} st _H*LD ’ ({WS ED}) {ws ED} st _HTED ’

* *

({WS LD, ED}) {ws LD,ED} — s _HLD —Igp

(1) AR

TESAFAERIRI R e =v(S)-X(S), #e>0, WHENMSE EAEIFMNE, #e<0, WTHEMFNN S5 EERT
Tl [20] [24] [25] [26]. JEIXAERIEE, (3T H TR ((EA G RIE B SR AN B S AR, AR TE—
MEBLE x, #15 & fe/h, WA W R TR A (Nucleolus) (1 28 M B K] 7] 751

(33)
st. {x(S)+e=v(S)
x(N)=v(N
(2) Bl ER
TE SRR ¢, =(V(S)—X(S))/|S| s WA a0 R T 5 A B e P A K )
min &,
5 ) ”
st. |S|g >v(S)
MWﬂW)
(3) AR AR
S SHFRERTIR &, = /v s WA G0 R T LB A A ) 2 1 R i) R
min &
X z(l—gp)v({j}) (35)

4.2. BF Shapley E5 G {EIEFEER

1953 4, Shapley #2117 & 1FHZ5d & B0 B Shapley-Value 31i8[27], 1ZFRL = S 1FIH 2R 16 b g —Fh
FRIINES, B SEE T B AR 23 1 55 B 3 2 TR B A S G 3 43 i o 7E Shapley Bk, BB S FRAEAN Rl 73
2 EEAR N Shapley {8, THHE AR

jwz[v(s)_v(sm}ﬂ, j =Ws, LD, ED (36)

ScN

v, |S|RIKHE S HRURAEL v(S\{]}) NI S PRI A IR

5. BUES R

BEPETISRK TRE, AU A 45 P8 R K& R r, 4393008 1020.6 12 m® i 1067.5 42 m®, B 5@ A fi4h
Mo 23 FH P BRI 2R A B8, #4979 0,001, ZR e (3t 80 7 AN AL 7048 e P /KR T 36 oo AT o, #4909 0,001 S5 4fa 7K
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Table 1. Numerical analysis of non-cooperative game and cooperative game of IBWT supply chain

=1 BRSNS EEES S EE RN L REN T

5% ) P, q, q, ;s 0, I, I,
E[ERey (s 2.972 4.383 4120 5.949 21.151 3.395 13.028 37.574
A 2.148 3.193 8.240 11.899 24,546 5.092 18.410 48.048
‘ B 2.148 3.193 8.240 11.899 24,546 5.092 18.410 48.048
Ex(anes
ERL A 2.148 3.193 8.240 11.899 26.174 3.395 18.479 48.048
Shapley 2.148 3.193 8.240 11.899 26.388 5.092 16.568 48.048

TE: TR Jem®, KELERRL: A2 m®, FlE S 27T,

TR AR B A S, HK A — AT 0.2-0.5 J8/m® 2 [W[28], 5 RE LR R R A ¢ A
0.2 JE/m®, A8 454 7 FI4hH 43405 7 OV K AR o, R ¢, 4050 0.3 1 0.4 T6/mes B ASHURI Ah K T3 BUE o, i
oy S5 20 12 P A1 30 12 mP, AHUR SN A BT R T4 AS BN IR IS 5, By, 9B 5. ASC4 B
A 1 B I A AR O A8 B AR L B B AT MU A0, TS0 R 1 g

B M B (1) JET A= SR HIBA 710 Shapley 177 v 1 & E HIZEHS T F 4k MG
TARGIERZERS T, KGR TS EMAE . () BT, S, WA 79 Shapley 14/
VR 2 TR BB BRI A L BB 2% AR B 2 SO R T A A ERARE T . (3) ARG EMZE R, RS
RIS G R i T A A B R RIAN A B . TR, B3RS IR 7iRA Shapley 877 H5RIF1 28
ST, B0 75 R FORE 2 T A A R R AL UM A7 . (4) ATERIZRI T, SE TR T
SERA 7 v I BE BT RE R 26 AV 7 %858 4 — 51, Shapley 75 A= S9AA-JribMIbL, REHLRRI/ RSB %
LT, 1791 548 T 40 SUATSRE > — SR8 . (5) 36T E A 7 vk IO B TR L R 28 A0 7 6 - A
M 23 BT R85 T P R T AT, M 25 B R0 A T 0 AT 5 5 I 30 s .

6. &t

SRR TR E FEERZ A AN S FEENS, S5 ERS TREEKEE BAsHmWE. 183
MAEG VR R M SR IEAL A, I T A FIBR AL & T S iR K St BB & R R A . %A
Jri%A0 Shapley 18 75V K185 gl K BERBE & VR REGRIEAY,  JFREAT T ELBUE M, FEMIEAE B, SR TSR
SRR BN AR BEFAREN]: (1) AT $9A0. HBIRZA- 73N Shapley {87772 (1 & 1F 1
FEIG I T &R T ARSI, AKBHIOTWE & TS ERZES . (2) 2. s iz
JIEAT Shapley A8 77 VAR & E T ZE T B0 K fHE N K LA i 32 8 SUR M T AR S R 2R T, SEal T
S 557 A Ritdudt . (3) ARGERIZE T, RGN e RE, BAT “SeahitHh” , HRENEHHEANE R T
ASHL SRR A SN R s TS VR SR EEAT R O, R LIRS R SRR T ORI A S R R, S
TRAS 9. LBl = TJ59E AN Shapley {HITERIFIZE BT T, RGN ERAT AR [ 2 T A
IIEHE M AN SR . (4) AT ARG IR RIS, T LI A T v O B BB 2 70 FC 7 28 1 AR 33 45 1 1O )
B B, H AR GU BN 7 5 A0 705 72 235 BRIBR S 0S A 3 7 6 7o AN A BB » A b7 B 75 T RE 2 S T IR BA
O T LU AT TR R B i sk R K B S B A 28 0 e O R R SRR B ANAR E - (B) B RIZRIE I, BT 4707
FRFIZA IR N R 25 20 Bl SR 584 — 3L Shapley {H 775 S AR FIA- T iEAREL, R Go0 N 55 4 Bl 5
B BRI, Ao B R S ORI AR R > — LR . AR, FETRASTIE R S ATTVE R B SRR 25 20 T
FARBL T2 3 SO B AR, ST AK TR it 7 — A A PSR E ML 2T Shapley {H
TSR BENEEA 28 73 W 7 SRR DA S, 8BS i K TRESR A 1 — M Dy s ) A Az E HL
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B2, BTRATNRE. 39AT5EA Shapley (7 EMI GRS LL T ARG R RAE,  — T3 T {7585 A4k i
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