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The cooperative environmental game model in the Tidal River Network Regions

and its empirical research
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Abstract: Decision-makers always have incentives to choose proper emission strategies to maximize their individual
economic and environmental benefits and the regional environmental game thus occurs when multiple decision-makers are
involved in selecting the emission strategies. In this paper, environmental non-cooperative game model and cooperative
game model were established for tidal network regions based on (1) sewage emission and its impact on environmental
quality and (2) economic considerations, including tax benefits, pollution abatement costs and environmental losses. The
Nash equilibrium of non-cooperative game indicated that, in the case of non-cooperation, no relations existed among the
pollutant emission strategies chosen as each regional decision maker made its selection independently of others. On the other
hand, in the presence of decision maker cooperation, the model was further divided into grand coalition game and sub-
coalition game and the solutions to them were obtained. The characteristic function values were computed for all possible
coalitions and the Shapley values were used to allocate the total payoff among all the participants with consideration of
fairness. The results showed that, in the grand coalition game, the selection of the emission sirategies was made by

considering maximal global gains and the thus-selected emission strategies were well related with both the environmental loss
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coefficient and the environmental impact coefficient of all the participants. A case study of three tidal river network regions
was conducted to verify the models, with the emissions and payoff being investigated under non-cooperative game and
cooperative game situations. Compared with the non-cooperative game, in the cooperative game, the pollutant emissions
were reduced by 17.98% , 15.36% and 5.55% , the payoff was increased by 2. 17% , 3.21% and 1.25% , and the
environment quality was increased by 14.24% , 13.33% and 10.52% , for three regions respectively. These results showed

that a win-win outcome can be obtained in the tidal river network regions in cooperative game.

Key Words: environmental game model; coalition game; Shapley value; tidal river network
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Table 1  Parameter values of the model

[X 8 Region 1 2 3
B; /(JiIt/t) 1050 1020 1550
a;/(mg-L7ta™) a;;=0.0032;ay, =0.0013;a5,=0.0016  a,,=0.001 ;a5 =0.003;a3,=0.0015 a,;=0.001;a, =0.001 ;a3 =0.0025
¥ /(FITT/t) 50 55 35
¢; /(JiJC +mg-L7a™") 30000 45000 65000

*x2 Nash H#& R EE ! IEEIEW S »

Table 2 Nash equilibrium strategy ¢ and payoff ;! of non-cooperative Game

[X 35§, Region 1 2 3
el /(/a) 904 830 1352.5
Jr/(Jigt/a) 343133 230703.5 739687. 1

F3 KEUERETES YR EEINE

Table 3 The added value of pollutant concentration of the water quality monitoring sections

X3, Region 1 2 3
EA VR R INE/ (mg/L) 5.08 5.02 6.07
A Ve BB INE/ (mg/L) 4.35 4.35 5.43

MR 3 TR TSR (K RHEECRIS Alcs: . AadsssE7e N, (K BEIEA (1),
I'(2),r3),I(1,2),I(1,3) ,I'(2,3) , I'(1) %780, Wk,

x4  FERESEEZ NK)BHE KM

Table 4 Emission strategies and payoff of sub-coalition game /" ( K)

K {i} 1U2 1U3 2U3 1
ef/(t/a) 904 845.5 800 904 741.5
e5/(t/a) 830 800 830 732.5 702.5
e5/(t/a) 1352.5 1352.5 1322.5 1307.5 1277.5
75 /(Jig8/a) 343133 342321.8 338625 / 336004. 8
75 /(AigT/a) 230703.5 233675.7 / 227975.3 235456.6
75 /(Jig8/a) 739687. 1 / 750053. 1 748180.8 766205. 8

HE AR BN S 5FH I HTE 2, (v) L 2(v) L z5(0) .
HRYGL IR 4, T E R R AL
v(®)=0,0(1)=0v(2)=v(3)=0
MK=1U2M, (1 U2)=/ +j5 - -2 =2161.1
MK=1U3B, (1 U3)=/ +j5 —j —j5 =5858
MEK=2U3B, (2 U3)=j +j5 —j» —ji =5765.6
MEK=I0,0(1 U2U3) =5 +j;5 +j5 —j) —j» —Jj3 =24143.7
2 (v) BHENES,
TR z,(v) =360.2+976.3+6126=7462.5
[EFE, FTLAG SR 2, (0) | 2z3(v) BO1H
z,(v) =7416.4
z,(v) =9264.8
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A LAGIE . z,(v) +z,(v) +2z,(v) =v(])
£5 7 (v) WitEERE

Table 5 Computation process of z; (v)

K {1} 1U2 1uU3 1
v(K) 0 2161. 1 5858 24143.7
v(K\i) 0 0 0 5765.6
v(K) - v(K\i) 0 2161. 1 5858 18378. 1
| K| 1 2 2 3
W(|K|) 1/3 1/6 1/6 1/3
WK [v(K) - v(K\i)] 0 360.2 976.3 6126

XK IR A I L tE (T8 a)
7=+ z,(v) = 350595. 5
b=+ z,(v) = 238119.9
7=+ z(v) = 748951.9
HEERIHL, SR 3 A3 HES & 4300 b & VERTI> T 17.98% (15.36% \5.55% . & 1FEI S 53 5]
BT 2.17% 3.21% 1.25% , PBEFE BIHRE T 14.24% 13.33% 10.52% , A UL BR85S VR R 45 3 L
% HETEIF5 2 F R Shapley {82318 H 9700 07 20 ATHY
4 Zig
1) FEST T BN ) X A A VR SRR WY T AE G E IR 1Y Nash 941, S5 %M FEAEGERTT,
Z 5H5 UL Bl KA O RIES , TR HETS Sk 5 Hfh 2 5 # ok
2) iz HEVEFEZR AT IS ST 19 W) X IR EE A VR0 B IR o ST R AiE pR 85, A1 Shapley {75
K T AEMZE R, BRI, O K AR T, 2 55 MRN8 % 8 T 2Rkt ik, ik
B HETS R 5 T 2 538 IR IR S50 RTS8 56 Q45 & B g I DX S ) X A 0647 T 56
T, 25 R R WA H ] Shapley (L EF T A VEIES S0 Bl & nT AT Y, 20 i J5 3058 A VEIGEE K TR SRR ES , T I [X 35
BAEERZ R,
3) AR s K FAE G VR 25, P b AR [ B0 A 7 A B 45 B A AR 3, 7 L 248 5 XS =22 8] i 3 05 &
VB, TH bR R BAREEA TS A T Bl 12 DX S HE TS 5 W 1 ity

N
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