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Abstract; Current research on Yangtze River basin water pollution control predominantly examines isolated policies while
overlooking policy synergy. In light of this, this paper studies the collaborative governance incentive mechanism for water
pollution in the Yangtze River basin, by analyzing the policy interaction between the River Chief System and ecological
compensation mechanisms, with the aim of contributing to the advancement of water pollution governance efforts in the
region. A tripartite evolutionary game framework was constructed involving the central government, upper-reach
municipalities, and lower-reach jurisdictions, this study explores the endogenous mechanisms for promoting basin

governance under the background of differentiated collaborative strategies and analyzes stability, determining the stability
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conditions of the game-theoretic agents in the optimal scenarios of water pollution control in the basin. On this basis, using
real data from the Tuohu Yangize River basin for simulation, analyze the decision-making differences of upper reaches and
lower reaches under different ecological compensation amounts, reward and punishment levels, and design potential
incentive mechanisms. The findings are as follows: (1) The penalties imposed by central governments on lower-level
governments fail to compensate for the regulators’ own enforcement expenditures, thereby inducing the adoption of lenient
regulatory enforcement. Factors influencing the governance strategy choices of the upper reaches mainly include ecological
compensation amounts and reward mechanisms, while those for the lower reaches primarily include externalities and reward
mechanisms. When upper-reach municipalities and lower-reach jurisdictions confront high ecological compensation and high-
reward scenarios, they engage in multi-stage games and eventually evolve to adopt proactive strategies to control regional
water pollution. With the joint efforts of local governments, water pollution in the Yangtze River basin will be significantly
improved. (2) Setting different ecological compensation amounts and observing the evolution path and results of local
governments, the results show that enhancing the basin-wide ecological compensation framework, standardizing
compensation standards and elevating compensation rates for upper-reach municipalities of the Yangtze can effectively
promote water pollution control efforts in the basin. However, raising compensation amounts for local governments in the
lower reaches does not affect their strategy choices. (3) Setting different reward and punishment mechanisms for lower-level
governments and observing the evolution path and outcome changes of lower-level governments, the results show that the
reward measures from the central government to local governments can accelerate the progress of water pollution governance
in the basin. The magnitude of fiscal and political incentives is positively correlated with the optimization of governance
speed. While, equivalent rewards prove ineffective in incentivizing upper-reach municipalities of the Yangtze. Furthermore,
the punitive measures imposed by central governments on upper reaches and lower reaches governments have a relatively
small effect in practical work, and strict punitive measures hinder the governance enthusiasm of lower-level governments,
especially in terms of strategic choices for lower reaches. Generally, promoting water pollution control in different areas of

the basin requires different policy incentives.

Key Words: River Chief System; ecological compensation; collaborative governance of the Yangtze River basin; design of

incentive mechanisms
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Fig.1 Game relationship model

S5 TR AR PR SR O, BB s SRR AT

(1) SRME A o b ZRBUR R 5 8 SRS I AT BUSCAS Y S, WA TT B R FBUR F 3236 BEAT 0 B 22 )il
IR my my  HUOT BUGERAS AT A 06 B I, B RBURF AT A AMBTT G B A S, . AT L i
T BUREERE BRI B SRS I SN €, e RV R IF UM T A 30 B BB A C, 5 24 1
JT B R R IGR B, R T O B IR BT ZASNG €, L GBURRIC SR AR I, R B
B BUR BOHBGA B I D, (D, BT, 5 B BURR I 55 08 [R5 BOR 8 A 3R B 1, 3
T BUM B GBS TG ST (SHEAR) PSS UAS P, P, R SEBR AT B DR T DL Y 5%
AR 20 AT SEPASUT BE BR, i A B T2 R R BRAS R R T TE

(2) Hems s . VT3 BUR AT B IR B SRS SIS o R, AT SR I5A B B EE 9 R, o
KAL E N7 BOR AT B 62 SRS I R U 7 BUM SIS G, A —J7 R I AR I B
TN Gy, KOT BTG BT, T e DO AR R B MR, BB 6, ALER, 6, — /N T 6, FIEXL
[ A M T A At A A2 AR IR DU B RT3 D7 AT R REAC B ) AR S MR 6,
KL W b 7 BUR AT BENSCEN ) A2 25NN 6, . L ORBUR 232 M7 BUR R YA 2 Wi s S HL(i=1,2,3,
4) o Mo i O BN s 7 BUR SRS 415 BRI B R T T

HAARRRIZ RS LN 1 iR,

®1 BRESHEX

Table 1 Meaning of model parameters

[LERERN RIS SR X

Game player Parameter symbols Parameter meaning
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[LEREEN RIS ZHE X
Game player Parameter symbols Parameter meaning
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Lower reaches of the Yangtze River D KV e BUR e £« A IR SRmg A HE R
G, KL R st 7 BUR ERE A IR I ) S8 A
G RV b 7 BON RERE A IR I BB A
0, LR et 7 BUR IS ) A A A M
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Table 2 Payment matrix
RME P BUR W AR e T O AR i T BUS AR
Strategy combination Central government revenue Revenue of upper-reach municipalities Revenue of lower-reach jurisdictions
(al,bl,cl) H,-S,-m;-m, R, +6,+m,-C, G,+m,—0,-C,
(al,bl,c2) H,-S,-m,+D, R +0,+m,-C, G,~6,-D,
(al,b2,cl) Hy=S,-my+D, R,-6,-D, Gy +0,+m,—C,—C,
(al,b2,c2) H,=S,=S,+D,+D, R,-0,-D, Gy+0,-D,
(a2,b1,cl) H,-m-m, R +60,+m,-C,-P, G,=6,+m,-C,-P,
(a2,b1,c2) Hy-m, R +6,+m,-C,-P, G,-0,
(a2,b2,cl) Hy-m, R,-0, G,+0,+m,~C,~Cy~P,
(a2,02,¢2) H,=S, R,-6, G3+0,

2 RULEESHR

2.1 AR R
FEF AR 5SS 808 58] L IBUM RIS " <5 WS T R ISR RS K, E, MO R

Wtk £, WF .
E, ZPch(Hl _Sl_ml_m2)+Pb< 1-p,) (Hz_Sl_m1+D2) +( 1_P1)>P<~<H3_Sl_m2+D1 ) +( 1-p,) ( 1-p,) (H,-
S,=S,+D,+D,)

E,=p,p.(H=m=m,)+p,(1-p,) (H,—m;) +(1-p,) p.(H;=m,) +(1-p,) (1-p,) (H,=S,)

E,=p,E,+(1-p,)E,

[F] B TSV Uy UM R B IR R IR SRS (I BRI RS B, B, SOV SIS E,
I3

E, =p,P1+R,+0,+m,—-C,-P,

E,=-p,D,+R,-0,
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E,=p,Ey,+(1-p,) Ey
KA i a7 BURPR I H IR B WE™h B SR RIS B, K, SO E, 705008
E, =p,P,+p,(G,-G,—0,-0,+C,) +G,+0,+m,—-C,-C,—-P,
E,=-p,D,+p,(G,—G,—6,-0,) +G,+0,
E =p.E,+(1-p)E,
— PR ARG E N S STT A

d(p,)
F(Pu) di =p,(1 P(L>(Ea1 -E,)= (Pa_Pu)( D, —p:D,+D,+D,=S,)
(Pb)
F(p,)=—7— di =p,(1-p,) (E,,-E,;)= (p, Pb) [p.(D,+P,)+R, =R, +0,+0,+m,-C, P, ]
d(p,)
Fp)=——=p.(1-p.) (E,-E,)= (p=p)) [p(Dy+P,) 4p,(G,=26,+G,+Cy) +6,=G,=C,=C, =P, +m, ]

2.2 JEHALESE SR oA
XA 75 R R e T A R SR 2 T Fh R T L B SR R e AT A 3 0 Ry R R AT
S 32507 1 R GEBOE RT LA RS -
(1-2p,) (E,~E,) (P, *=p.) D, (P, *=p.) D,
Jiw=| (py=p, ) (P+D,) (1-2p,) (E,~E,) 0
(p.=p. ") (Py+Dy)  (p,=p. ) (6,-2G,+G,+C,)  (1-2p,) (E,—E,;)
E -E,=-p,D,-p.D,+D +D,-S,
s.t.aE, ~E,,=p,(D,+P,)+R,—-R,+0,+0,+m ,—C -P,
E . -E,=p,(D,+P,)+p,(G,-2G,+G,+C;) +G,~G,—C,~C;-P,+m,
K R85 ) AACHE R HO R 2 P 580 B RFIEAE AN 3R 3 B

R3 BEIHE SN EAEE

Table 3 Eigenvalues corresponding to the local equilibrium point

o 5, FROE(E A, FRIEME A, FRIEME A,

Equilibrium EigenvalueA EigenvalueA , EigenvalueA 5

(0,0,0) D,+D,-S§, R,-R,+0,+6,+m,-C,-P, G,=G3-C,—C3—-P,+m,
(0,0,1) D,=S§, R, =Ry +6,+0,+m,~C,-P, =(6,=6;-C,=C5=P,+m,)
(0,1,0) D,-S, —(R,—R,+60,+6,+m ,~C,-P,) G,—G,-C,—P,+m,
(0,1,1) -5, =(R,-R,+6,+6,+m,-C,-P)) -(6,-6,-C,=P,+m,)
(1,0,0) S,-D,-D, R, -R,+6,+60,+m,-C,+D, G,=G;—=C,=C5+D,+m,
(1,0,1) S,-D, R, =R, +6,+60,+m,~C,+D, —(G,=65-C,~C5+D,+m,)
(1,1,0) S,-D, =(R,=R,+0,+0,+m,~-C,+D,) G,=G,~Cy+D,+m,
(1,1,1) S, —(R,=R,+0,+6,+m,—C,+D,) —(G,=G,=Cy+D,+m,)

AWFFEZ% Lyapunov Frde th A5 0k SR HIHE AT LURE R I X R S SA 4 i it A T 20 A, 24 LS HE v LU R A
JIAT R A g S R e R4 47 il A T RS Y L i LA 5 R PR AE WL JBURE X T
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LT 5 3, B = 4 T ,6,-6,—C, =P, +m, >0, VLT ekt 75 BURF #E 47 A A5 06 BRAS A4S (1 0 £33
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Fig.4 The impact of ecological compensation on the evolutionary game process and outcomes of local governments
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Fig.5 The impact of reward mechanisms on the evolutionary game process and outcomes of local governments
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Fig.6 The impact of punishment mechanisms on the evolutionary game process and outcomes of local governments
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