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Abstract:

Only the contradiction between upstream and downstream is focused in the problem of transboundary
water pollution for river basins and the "tragedy of Commons" between left and right banks is ignored. It
is the fundamental reason to cause externality that the market mechanism can not play a role in
transboundary water pollution control on the left and right banks of the river basin. The external effect of
transboundary water pollution control on the left and right banks of the river basin can be internalized by
using the ecological compensation mechanism under the leadership of the government, which is an
effective means to solve the problem of transboundary water pollution on the left and right banks.
Differential game theory is applied in this paper. The effects of ecological compensation mechanism on
the government's pollution control efforts for the left and right banks of the transboundary river basin are
investigated. The game equilibrium strategies about the government's pollution control efforts on the left
and right banks under the three governance modes are analyzed separately. The three governance modes
are no ecological compensation, ecological compensation and central government intervention
respectively. The three governance modes are compared. The effects of the transboundary ecological
compensation mechanism in the river basin are analyzed. The effectiveness of the conclusions is verified
by numerical examples. The corresponding countermeasures are proposed. The theory basis for the
ecological compensation mechanism of transboundary water pollution control is provided. The results
show that when the problem of transboundary water pollution control in the river basin is appeared, it is
inadvisable to fight alone for left and right bank governments under non-cooperative governance model.
The overall benefits of the basin can be improved effectively under the central government intervention.
However, when the right government provides enough funds for the left bank government to carry out
ecological compensation, the initiative of the left bank government pollution control will be effectively
stimulated and it is promoted to achieve the optimal overall benefits of the river basin.

Keywords: Transboundary water pollution on the left and right banks, River basin ecological
compensation, Government-led, Feedback equilibrium, Differential game.
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I. INTRODUCTION

When the ecological environment is under increasing pressure and cannot bear the social and economic
activities of human beings, environmental problems will hinder the development of all countries. As a
relatively complete ecological geographical unit, the river basin inevitably overlaps with different
boundaries or administrative divisions. With the increasing contradiction between economic development
and ecological environment, transboundary pollution problems occur frequently. Water resource has the
property of public goods, and its externality, non-competition and non-exclusivity are the fundamental
cause of "tragedy of the commons"[1]. Most of the transboundary water pollution problems in river basins
focus on the contradiction between upstream and downstream, while ignoring the perspective of left and
right banks. Due to the transboundary mobility of water resources, the left and right banks of the river are
distributed in different regions, affect each other due to pollutant discharge, and are more likely to fall into
the dilemma of "public pond" due to unclear responsibility attribution, which has gradually become the
focus of pollution, the focus of conflict and the difficulty of governance[2-4]. Therefore, the pollution of
any part of the water resources in the basin may cause damage to the circulation system of the whole basin.
The contradiction and conflict between the left and right banks has a long history. The reason is due to the
long-term accumulation of ecological environmental pollution and economic development level constraints
that have led to high water environmental governance costs. Under the background of the government
chasing political achievements and enterprises chasing benefits, the internal power of public land treatment
is insufficient[5]. It is difficult to accurately judge the discharge standard and pollution contribution rate of
the left and right banks. According to the obtained water quality monitoring data of the provincial
boundary section, it is also impossible to define the pollution responsibility[6] and the amount of rewards
and punishments[7], which has an impact on the implementation of the external restraint mechanism. In
order to make up for the deficiency of transboundary water pollution control on the left and right banks, it
is necessary to explore the external mechanism that forms the driving force for the treatment of
endogenous pollution on the left and right banks.

There are few studies on the treatment of transboundary water pollution on the left and right banks at
home and abroad, mainly focusing on how to divide the responsibility of pollution. The adjustment of
concentration accounting method mainly highlights the contribution of provincial pollutant discharge to
the water quality of each monitoring section. The representative section judgment method mainly divides
the representative sections according to the differences in the setting of sewage outlets and the different
discharge characteristics of provinces, selects the representative sections of provinces from the monitoring
sections, takes the arithmetic mean of the water quality monitoring values of the representative sections as
the pollutant concentration value of the province in the buffer zone, and then by comparing the
representative water quality value with the water quality target value, the compliance status of each
province can be judged[8]; According to the proportion of annual average emission of pollutants and per
capita GDP level, the amount of reward, punishment and compensation is allocated[9]. Due to the high
requirements for pollution source data or sewage outlet location, the above methods are rarely used. In
practice, some regions try to adopt the method of equal sharing between the two sides. A few scholars have
conducted relevant research from the perspective of cooperation and game[10], and from a micro point of
view, studied the water resources allocation scheme based on the relative utility function and the
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asymmetric Nash bargaining method[11]. However, due to the attention of the left and right banks to
individual relative benefits, Negotiation and cooperation often lead to conflicts[12], environmental letters
and visits and superior supervision can promote the left and right bank governments to jointly control
pollution and eliminate illegal emissions[13]. The above research clarified the necessity of cooperation
between the left and right banks and the possibility of joint pollution control. However, the specific
regulatory mechanism to promote the control of transboundary water pollution on the left and right banks
needs to be further deepened.

Although the research results of ecological compensation for transboundary water pollution control on
the left and right banks of the basin are very limited, the research results of ecological compensation for
transboundary water pollution in the upstream and downstream of the basin and ecological compensation
for transboundary air pollution in adjacent areas are abundant[14,15]. As for the ecological compensation
for transboundary water pollution in the upstream and downstream of the basin, scholars mainly focus on
the methods of ecological compensation[16-25], compensation standards[26-31], compensation
mechanism[32-36], multi-body cooperation and consultation[37-42], the balanced sharing of interests[43],
the phenomenon of collusion between government and enterprise[44,45]. As for the ecological
compensation of regional transboundary air pollution, scholars mainly focus on the compensation payment
principle[46], compensation mechanism[47-53], compensation standard[54,55], compensation
mode[56,57], and collaborative governance [58-60]. From the perspective of game methods and policy
choices, the above research provides a good idea for solving the problem of ecological compensation for
transboundary water pollution on the left and right banks, but the applicability of the above policy
mechanism transplantation needs to be further explored.

The transboundary cooperation between the left and right banks of a river basin is based on the
dynamic change process of continuous time. Differential game is a dynamic game to study the competition
and cooperation of multiple participants in a time continuous system. Therefore, based on previous studies
and differential game theory, this paper starts from the new perspective of transboundary water pollution
ecological compensation on the left and right banks, cuts into the governance pain points and blind spots,
which is a useful supplement to the previous transboundary governance research on the upstream and
downstream, constructs a differential game model between the left and right banks of the transboundary
basin under the constraint mechanism of ecological compensation, and studies the feedback equilibrium
strategy of the left and right banks, It is expected to provide theoretical reference for improving the
ecological compensation mechanism for transboundary water pollution control on the left and right banks.

Il. MODEL CONSTRUCTION AND BASIC ASSUMPTIONS

This article takes the treatment of transboundary water pollution on the left and right banks as the
research object, and studies the impact of the transboundary ecological compensation mechanism of the
river basin on the coordinated control of water pollution on the left and right banks. According to the
situation that the junction between the left and right banks in the transboundary section of the basin
belongs to different regions, the left bank area and the right bank area are set, hereinafter referred to as
"left bank™ and "right bank™.
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Hypothesis 1: A river belongs to different jurisdictions, and there are two game parties, the left bank
government and the right bank government, both of which are rational subjects.

Hypothesis 2: Under the concept of xi Jinping's ecological civilization thought that "clear water and
green mountains are gold and silver mountains”, both the left and right bank governments will control the
water pollution in the transboundary basin. The cost of pollution control investment by the left and right
bank governments in the transboundary basin is related to the investment level of pollution control efforts,
and increases with the increase of the investment level of pollution control efforts. Referring to the
hypothesis of effort cost in literature [35], the effort cost of the governments on the left and right banks of

the basin at time t is expressed as Cz(t)ziszzz(t) and CY(t)zikYEzv(t) respectively,
2 2

where e (t) , Ev(t) >0 represents the investment level of the governments on the left and right banks of the

basin at time t; kz,kv >0 represents the cost coefficient of pollution control efforts of the governments on
the left and right banks of the basin respectively.

Hypothesis 3: Considering that the pollution control efforts of the government on the left bank will
have a direct impact on the water quality and quantity of the whole basin, the pollution control efforts of
the government on the right bank are difficult to affect the left bank, so the right bank government faces
greater pressure to control pollution. In order to encourage the left bank government to actively control
water pollution and ensure the water quality and quantity required for economic development, the right
bank government gives the left bank government an ecological compensation subsidy of 5 (t) proportion to

the investment cost of the left bank government's pollution control efforts, and 0<< (t) <1, that is, the

right bank government only gives part of the left bank government's pollution control ecological
compensation subsidy.

Hypothesis 4: Pollutant emission reduction of rivers in the transboundary basin is closely related to the
investment level of pollution control efforts of the governments of the left and right banks, and it is a
dynamic process. Then, the random differential equation of pollutant emission reduction P(t) change in
transboundary rivers can be expressed as:

I;(t):(szz(t)+(pYEv(t)—é‘P(t), P(0) =P, Q)

In the formula, Py is the emission reduction of the left and right banks of the transboundary basin at the
initial time; P(t) represents the emission reduction on the left and right banks of the transboundary basin at
time t, ¢z andev are the influence coefficients of the government's pollution control efforts on pollutant

emission reduction of the left and right banks respectively, & represents the attenuation rate of pollutant
emission reduction.

Hypothesis 5: Water pollution control in transboundary river basins is an inevitable requirement for
clear water and green mountains to be golden mountains and silver mountains, and it is also a necessary
meaning to realize coordinated development of economy, society and ecological environment, which can
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seek social welfare effects for the transboundary basin. Promoting energy conservation and emission
reduction, advocating green development, supporting strategic emerging industries and promoting the
transformation of extensive economic development mode are conducive to accelerating economic structure
adjustment and are of great significance to the sustainable development of regional economy on the left and
right banks. At the same time, the implementation of transboundary water pollution control can not only
effectively improve the living environment of residents, but also improve the satisfaction of residents’ life;it
can also attract foreign investment to change the current regional investment environment and reduce the
policy capital cost of regional development. It is assumed that the social welfare effect brought by the
government's pollution control and emission reduction on the left and right banks of the transboundary
basin is:

R(t) = Ro+ aEz(t) + BEv(t) + uP (1) (2)

In the formula, RO is the transboundary welfare of the basin at the initial time, a and g respectively
represent the impact coefficient of pollution control effort investment of the left bank government and the
right bank government on social welfare effect,a, #>0; u represents the influence coefficient of pollutant

emission reduction on the social welfare effect of transboundary basins, 1>0.

Hypothesis 6: the governments on the left and right banks of the transboundary basin have the same
positive discount rate R, R > 0.They are in infinite interval to pursue their social welfare maximization, due
to the particularity of their functions, the governments on the left and right banks not only pursue economic
benefits, but also consider the social and ecological benefits brought by pollution control, that is, the social
welfare impact brought by the efforts of the governments on the left and right banks. The pollution control
efforts of the governments on the left and right banks are the source of social welfare effects. Therefore,
this paper uses:R (t) and R (t) to represent the social welfare benefits brought by the pollution control

efforts of the governments on the left and right banks respectively. In the process of transboundary water
pollution control, as the pressure party for pollution control, the right bank government determines the
investment in pollution control efforts and the proportion of cost subsidies to the government on the left
bank at every moment; as the key party of pollution control, the left bank government determines its own
investment in pollution control at every moment. The goals of both are constrained by the change process
(1) of the emission reduction of transboundary river pollutants. Therefore, the objective functions of the
governments on the left and right banks are respectively for:

max Jz = ge " [wzR(t) — (1— 7 (t))Cz(t) ]t (3)

Ez

max Jv = [Fe "[ovR(t) - Cv(t) — 7 (t)Cz(t) ]t 4)

EY,r]

Where, »: and »v respectively represent the impact coefficients of the social welfare effect of
transboundary basins brought about by investment in pollution control efforts on the income of the
governments on the left and right banks, @z, wv>0 .
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This paper defines the differential game between the left bank government and the right bank
government. There are three control variables e, (t)>0, E,(t)>0, 0<p(t)<1 and a state variable

Cz(t) = 0 .However, in the left and right bank government non ecological compensation non cooperative
governance model, there are only two control variablese, (t) and g, (t) , and (t) = 0. The parameters in the
model are assumed to be time independent constants.

I11. MODEL ANALYSIS

In order to better analyze the impact of the transboundary ecological compensation mechanism of the
basin on the collaborative control of water pollution by the governments on the left and right banks, this
section further discusses the optimal pollution control decisions of the left and right bank governments and
the overall benefits of the basin under the left and right bank government non cooperative governance
model without ecological compensation (A), the left and right bank government with ecological
compensation governance model (B) and the left and right bank government collaborative governance
model under the intervention of the central government (C). In order to improve readability, superscript i is
used to represent three governance modes, i€ {A, B, C} ; The subscript j is used to represent the

governance subject of the left and right banks, j€ {Z,Y} .

3.1 The Left and Right Bank Governments without Ecological Compensation and Non Cooperative
Governance Mode A

Under governance mode A, when the government on the right bank does not provide ecological
compensation to the government on the left bank, that is, 7 (t) = 0. Therefore, the objective functions of

the governments on the left and right banks of the transboundary basin are respectively:

max J. =j7e "[wzR(t) - Cz(t)]dt 5)

Ez

max 3. = 7 e "[wvR(t) - Cv(t)]dt (6)

Ey

Theorem 1: under the non cooperative governance mode without ecological compensation, the static
feedback equilibrium strategies of the governments on the left and right banks of the basin are
respectively:

A (ra +0 +ozu)wz

EN (7)
(r + 5)kz

EYA* _ (rIB + $ + ¢7Y/1)0)Y (8)
(r + 5 )kv

Prove: In order to obtain the static feedback equilibrium, the continuous bounded differential functions
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Vi(P), j€ (Z, Y) exist HIB(Hamilton-Jacobi-Bellman) equations for any P>0:
v " = mar {wz[Ro+ aEz(t) + BEv(t)+ uP(t)]-

» 9)

v,
[0,E, () + o, E, (t)-5P ()]}

1 2
—kzE "z (t) +
2 oP

r‘VYA = mar {a)Y[R0+ aEz(t)+ BEv(t) + yP(t)]—
N (10)

A

1 . av,
ZkvE “v(t) + [p,Ez(t) + @, Ev(t) - P (1)] }
2 oP

By solving the first-order optimal conditions of pollution control effort investment levels e ande

of the governments on the left and right banks of the basin in equation (9) and (10), letting the first-order
partial derivative equal to zero, and the following equation can be obtained:

amw z + qonZA' (ll)
kz

Ez =

_ Po v +k(ovVYA' (12)

Ev

Substituting equation (11) and (12) into HIB equation (9) and (10), it can be obtained:

(aw z + qonZAI )2 . (P z + (vaZA' ) fo v + qovVYAl )
2kz kv

A

v, =ozRo+

+(uoz-ov, Py (13)

(fo v + ¢YVVAI )2 (aw z + ganZA' Naw v + (szvA' )
+
2ky kz

(o v - 5V, YP (1) (14)

A
v, =ovRo+

According to the structural characteristics of equation (13) and (14), it is assumed that the specific
expression of function V;(P) is:

VSA(P)=miP+m2, V(P)=1P +1. (15)
Among them, m;, myand Iy, |, are constants, then there are:
vV O(PY=my, VO(P)=1h (16)
Substituting equation (15) and (16) into equation (13) and (14), it can be obtained:

(aw z + $Zm1)2 . (P z + pymi)( fo v + @vl1)

2kz kv

+ (uw 2 — sM1)P (1) @17

A
vV, =wzRo+
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v, = ovRo+ (fo v + prl) + (0 2 + gem)ew v + g21) + (po v = 511) P (t) (18)
2ky kz

Equation (17) and (18) can satisfy any P>0, through calculation, the parameters of the optimal return
function can be obtained as follows:

( U 2
| M =
| r+o
| 2R ,(eozt )" (foz+om)(Boy+eil)
J 2rk z rk v
o (19)
I r4s
{I wvRo (,Ba)v+gov|) (aa)z+(0zm1)(aa)v+(pzll)
2rk v rk z

By substituting m;, m, and I, I, into equation (13) and (14), it can be obtained that the optimal return
function of the government on the left and right banks is:

. wzRo w z a7 + pzm1)’ w z + oymi)( o v + eyl
VAP - LM P+( pzm1) +(ﬂ pvm1)( S pvli) (20)
r r+o 2rk z rk v
. wYRo vy w v+ ovli)’ aw z + gzmi)(aw v + @zl
VAP = L ovH P+(ﬂ pvl1) +( pzm1)( pzl1) (21)
r r+o 2rk v rk z

By substituting equation (19) into equation (11) (12) (15), theorem 1 can be obtained.

Inference 1:Under the left and right bank governments without ecological compensation and non
cooperative governance mode, the optimal pollution control effort investment levels E:(t) andev(t) of
the governments on the left and right banks, the impact coefficients ¢. and ¢v of the pollution control
effort investment of the left and right governments on pollutant emission reduction, the impact coefficients
a and £ of the pollution control effort investment of the left and right governments on social welfare effect,
and the impact coefficient x of river basin emission reduction on social welfare effect, And the impact
coefficient »:and v of the social welfare effect of the transboundary basin brought by the investment in
pollution control efforts on the government revenue on the left and right banks are positively correlated,;
they are negatively correlated with the decay rate ¢ of pollutant emission reduction, the discount rate r, and

the government pollution control effort cost coefficients k. and kv on the left and right banks of the river
basin.

Proof: Find the first partial derivatives for ¢z, ov, @, f, 1, 6, r, wz, ov, kzand kv respectively,
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oE © 7 oE © v JEM oEM v
and get e __F >0 r o~ >0 z _ % 0 , f ——>0 |,
0@z (r+6)kz 0@y (r + 8 )ky oa kz op kv
Ax Ax Ax Ax
ok, _ oW 7 -0, oE, _ PzOY -0, Ok, :a5+ar+,ua)z>0’ oE, :ﬁ5+ﬂr+ywv>0,
ou (r + 6)kz ou (r + 6)ky owz (r + 6)kz dwy (r + 6)ky
oE M - w oEM - w oE M - w oEM - ®
: (;«0222)<0 , v (wpvzv)<0 , : _ (u¢222)<o , v (ﬂ¢Y2Y)<O
o5 (r+38)kz a5 (r+8) kv or (r +5)°kz ar  (r+6)ky
0E)  —[wz(as +ar + upz)] 0 E)  —[wv(Bs + pr+ up )] 0
= <0, = <0.
okz (r + &) kz)* aky (r +8)(ky)?

The certificate is completed.

From inference 1, it can be seen that when the left and right bank governments carry out water
pollution control, they should comprehensively consider their own pollution control efforts and investment
costs, contribution of pollution control efforts to promoting pollutant emission reduction in river basin, the
social welfare effect brought by basin emission reduction and its own benefits and other factors, so as to
determine the optimal investment level of pollution control efforts. It can be seen that both the left bank
government and the right bank government make decisions based on the perspective of maximizing their
own benefits, without considering the overall benefits of the basin.

3.2 Left and Right Bank Governments Have Ecological Compensation Governance Mode B

Under governance mode B, the right bank government first determines its own investment in pollution
control efforts. At the same time, in order to encourage the left bank government to control pollution, the
right bank government will provide a certain proportion of ecological compensation for the pollution
control cost of the left bank government. Under the pollution control incentive, the left bank government
determines its investment in pollution control efforts. The objective functions of government decisions on
the left and right banks of the basin are equation (3) and equation (4) respectively. In the ecological
compensation model, the left bank government often determines its own pollution control effort level
according to the pollution control effort investment strategy of the right bank government and the
proportion of ecological compensation to it, and the left and right bank governments take maximizing their
own income as the optimal strategy. From the perspective of long-term dynamics, The investment decision
of pollution control efforts between the left and right bank governments constitutes a Stackelberg
master-slave game In this case, the objective functions of government decision-making on the left and right
banks of the basin are:

max J; =iwe "[oR(t) - (1- 7 (1) Cz(t) ]t (22)
max Iy =ire "[ovR(t) = Cv(t) - 7 (t)Cz(t) it (23)
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Theorem 2: Under the ecological compensation governance mode of the left and right bank
governments, the equilibrium strategies of the Stackelberg game of the left and right bank governments are
as follows:

. (ra+& +ozu)o:z

E - *
@-nt) )r+95)kz

(24)

EYB* _ (rB + P +ovu)oy ’ (25)
(r + &)k

The optimal cost sharing ratio of the right bank government to the left bank government when the left
and right bank governments make cooperative decisions

wY — Wz
n(t) = ——— (0> w2) (26)

Wy + Wz

Proof: In order to obtain the equilibrium solution of Stackelberg game, the reverse solution method is
adopted to solve the decision-making problem of the left bank government first, and the HIB equation of
its objective function is:

B

v, =mar {oz[Ro+ aEz(t)+ BEv(t) + uP (t)]- (1-7(t))

B . 27)

v,
[0,E, (1) + 0, E, (t)-0P ()]}

1 2
—kzE "z (t) +
2 oP

Similarly, the first-order condition of equation (27) for E. is:

g, 2oztoN, (28)
(-7 (t)ke

The rational right bank government can predict that the left bank government can determine its own
strategy according to Equation (28), so the HIB equation of the right bank government is:

v ?

Y

= mar {wv[Ro+ aEz(t)+ BEv(t)+ yP(t)]—lkvEZY(t)—
Ey., 7 2

(29)

B

1 2 oV,
n (t) —kzE "z (t) + [p,Ez(t) + ¢, Ex(t) - 6P ()] }
2 oP

Thus, by substituting equation (28) into equation (29) to find the first-order conditions about
Ev andy (t) B respectively, it can be obtained:
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g, fortoV, (30)
ky
7 () = awy + (pZVYB. -awz — (DZVZB. (31)
awy +@N, +awz - @V,
Similarly, assume that the specific expression of the function V;(P) is:
VS (P)= fiP+ f2, V°(P)=giP +g: (32)
Among them, f;, f, and g1, g, are constants, then there are:
vV, (P)=f1, V. (P)= g1 (33)

Substituting equations (28), (30)~ (33) into equations (27) and (29), the parameters of the optimal
return function can be obtained:

( Ho 2
I r+o
|

wzRo ((Jta)z+gozf1)2 (o z + @vf )(po v + @vg,)
+ +

—h
Il

r 2A-n(t))rkz rk v
| ovu (34)
|gl B r+o
Ig _oRe (for+ ) (@oz+eif)(aer o))
| r 2(1— 75 (1)) rk v rk v

By substituting f1, fand g1, g2 into equation (27)and (29), it can be obtained that the optimal revenue
functions of the left and right bank governments respectively:

. wzRo 0] aw 7 + paf. )’ w z + @vf o v+
V(P = z +uzp+( z + pzf)) +(ﬂz evf ) fo v+ ovg,)

r r+o 2A-n(t)) rkz rk v

(35)

2
VVB*(P) _ wvRo . U b (fo v + @vg,) . (aw z + @zf Y aw v + ¢z9,)
r r+o 2 -7 (t)) rkvy rk z

(36)

Substituting equations (35)(36) into equations (28)(30)(31), theorem 2 can be obtained.

Inference 2: It can be seen from theorem 2 that only when a < B, the right bank government will make
ecological compensation to the left bank government. Under the ecological compensation governance
mode of the left bank government, the optimal pollution control effort investment level of the left bank
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government is positively correlated with ¢z, ov, a, f, u, oz andev ;negatively correlated with o, r,
kz and kv ; Meanwhile, it is positively correlated with the right bank government of 7 (t) .

oy - wz . .
Prove: 5(t) = ——=% it can be seen from this formula that when w: < v , n(t)>0 ;
Y + @z
B * B
JoE, =[,u(a)y+a)z)]>o16Ev _ y770 % .0
opz (r+0)2kz opy (r + d)ky
B Bx B * B*
oE, _ oy + oz -0 . OE, :a)_Y>0 ’ Ok, _ [(pz(a)v+a)z)]>0 , oE, _ PYwY -0
o 2kz op kv ou 2kz(r +9) ou kKv(r+95)
GEZB* —[(a)v+a)z)(a§ +ar+y(pz)] 0 6EYB* (B6 +rB + upv) 0 GEZB* —[,u(pz(a)v+a)z)] 0
= > , = > , = > ,
okz 2(kz)kzz(r+5) Jdwy ky(r+ o) 06 (r+05)%2kz
6EYB* _ —(up zov) -0 1 6EZB* _ —[,U(p z(wv +a)z)] -0 , 8EVB* _ (up vorv) -0 ,
06 (r+38)2ky or (r+358)22kz or (r+d5)2ky
GEZB* —[(a)v+a)z)(a§ +ar+y(pz)] 0 8EYB* —[a)v(ﬁ5 +ﬂr+y(pv)] 0
= > y = > '
okz 2(kz)2(r + 8) ok (k2)*(r + )

oE " B [a)z(a5 +ar+/4gpz)]

Z

an(t)  ka(r+8)n(t)-1)°

> 0 . The certificate is completed.

From inference 2,it can be seen that the left and right bank governments still aim at maximizing their
own benefits when making decisions, but the ecological compensation of the right bank government can
stimulate the pollution control efforts of the left bank government.

3.3 Collaborative Governance Mode of Left and Right Bank Governments under the Intervention of
Central Government C

It can be seen from the above that no matter what kind of governance model, the decision-making of
the governments on the left and right banks of the transboundary basin is based on the goal of maximizing
their own benefits, without considering the goal of maximizing the overall benefits of the basin. In order to
facilitate comparative analysis, it is considered that under the intervention of the central government, the
governments on the left and right banks of the basin should establish a long-term cooperative relationship
and form a binding cooperative governance agreement to maximize the overall benefits of the basin. The
objective function in this case is:

max J; =i e "[(wz+@v)R—-Cz—Cylt (37)

Ez .Ey

Theorem 3: In the collaborative governance mode under the intervention of the central government, the
static feedback equilibrium solutions of the governments on the left and right banks of the transboundary
basin are respectively:
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EZC*= (ra +0 +ozu)wz + wv) (38)
(r+98)kz

Ef*= (rB+PB +ovu)wz+ wv) (39)
(r + 8)ky

Prove: There exists an optimal return function v_.©, with the HIB equation for all P=0:

[}

( 1 1 av |
I’VTC = mar {(a)z+wv)[R0+aEz+ﬁEY+/lP]7*kvE2Y7*szzz+ ! [¢ZEZ+¢JVEY*§P]> (40)
Bz By | 2 2 oP ]

Find the maximization first-order condition of the above equations on E:andev respectively, it can
be obtained:

EZ:oz(a)z+a)v)+ocVT (P) (41)
kz
£, ﬂ(a)z+a)L)(szT (P) (42)

Similarly, assume that the specific expression of the function is
V.°(P)=q,P + p, (43)
Among them, g; and p, are constants, then there are
V.S (P) =g, (44)

Substituting equations (41)~ (44) into equation (40), the parameter of the optimal return function can
be obtained

( (wz + wv)u
v
r+ 2 2 (45)
| (wz + wv)Ro [ﬂ(a)z+a)v)+¢vql] [a(a)z+a)v)+quql]
[pz = + +
r 21k v 21k z

By substituting g, and p; into equation (40), the optimal return function of the system can be obtained
as
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(wz + wv)Ro . (wz + wv)u - [ﬂ(a)z +a)Y)+(ovq1]2 . [a (w2 +wv)+¢qu]2 (46)
r r+o6 2rky 2rkz

VE(P) =

The optimal return functions of the left and right bank governments are respectively

VS = wV° 47)

z

V., = 0w (48)

Inference 3: It can be seen from Theorem 3 that under the collaborative governance mode with central
government intervention, the optimal investment level of pollution control efforts of the left and right
banks governments is positively correlated withy: , ¢v, a, f and ux, and negatively correlated with 4, r,
kzand kv . It is worth noting that the optimal pollution control effort investment level of the left and right
bank governments is positively correlated with: (wz + wv) .

PES" oy + o EST oy + o GEST  wv+o
Prove: 25z _ #levros) 0B, ulovre:) o 0B, ovie:
0@z (r+6)kz oy (r+8)ky oa kz
6Ef* _ 0y + @z S0 6EZC* _ pz(oy + ©z) _— 6EYC* _ ov(oy + wz) 20 GEZC* _ —[ygoz(a)Y+zcz)z)]<o ,
op Ky ou (r+06)kz ou (r +0)ky 06 kz(r+95)
6EYC* —[y¢)v(a)v+a)z)]
= . <0,
06 kv(r +6)
6EZC’k —[y@z(a)v+a)z)] GEVC* —[y(ov(a)v+a)z)]
= P <0, = 2 <O$
or kz(r +95) or ky (r +96)
0E;"  —[(wv+ wz)as +ar + up2)] 0 PE.  —[(@v+ @z)( S5 + Br+ up )] 0
= < , = < ,
okz (k2)2(r + &) oky (k2)2(r + &)
oE:" ad +ar + g z oE" S5 + Br+ up v
. ! LN v AP g 1t can be seen  that
o(wy + wz) kz(r +8) o(wy + wz) ky(r+9)

(ov + w2) = wv + w2 , the partial derivative is greater than 0, and both are positively correlated with

(oY + wz) .

The certificate is completed.

It can be seen from inference 3 that the optimal investment decision of pollution control efforts of the
governments on the left and right banks considers not only their respective benefits, but also the overall
benefits of the basin.

IV. COMPARATIVE ANALUSIS

By comparing the optimal investment strategy and optimal benefits of the left and right bank
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governments under the modes of without ecological compensation, and non cooperation, ecological
compensation governance and central government intervention, the following relevant inferences can be
obtained.

Inference 4:1t can be seen from theorems 1 ~3,e;">€E;">E,", E; " >E/ =E, .

Y Y Y

. . . . - S +ar +
Prove: E® = EX,EX —E/ - (o~ o) +ar+mp2)] 1 can e seen from the front that oy > - |
2kz(r + 8)
. e e o o285 + pr+ up )]
SOE, -E, >0,E, -E; =
ke (r +6)
. . oy +owz)(ad + ar + .
EC-EP = (e + o) o )] . Since all parameters are greater than 0; So
2k (r +8)
B* C* B* C=* . H C* B * Ax Cx* B * Ax
E,".E, .E,  E,/ areall greater than O; It is concluded that €,">€,">E," ,E,">E, = E;

The certificate is completed.

It can be seen from inference 4 that the investment level of pollution control efforts of the left bank
government is the lowest under the non cooperative mode without ecological compensation. This shows
that in the absence of ecological compensation and state subsidies from the right bank government, the
mode of consciously controlling water pollution by relying on the left bank government cannot be
sustained for a long time. It also confirms that the situation of protecting the left bank and benefiting the
right bank will weaken the will of water pollution control in the left bank area. Ecological compensation
provided by the right bank government to the left bank government can stimulate the investment level of
the left bank government’s pollution control efforts without reducing the investment level of the right bank
government. This also shows that the right bank government has realized that the investment of the left
bank government's pollution control efforts can bring benefits to itself, and is willing to provide certain
ecological compensation to the left bank government.

Inference 5: It can be known from equations (1) and (19),mi=l=f;=g1,m,<f,,l,<<g,, according to
equations (15) and (32), v, (P)> Vv, (P), Vv,” (P)> V. (P) can be obtained.

Prove: v," - E)" = [”Z(WV —wz)(fS + pr+ upz) ]

4kzr(r +8)°

VE _EN = [(0n)* (@1~ 02)($5 + pr + o) ],Whenm > wz, 7(t) > 0is meaningful; According to the

Y 2
dkvrawz(r + 8)

Ax B Ax
Vv > E

z 'Y Y

formula, v, E;",v,”" E/ are always greater than 0,s0 v,”" > E

z 'Y

The certificate is completed.
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Obviously, it can be seen from inference 5 that the overall benefit in the transboundary basin when
ecological compensation is implemented is greater than that in the basin without ecological compensation
and non cooperation.

From equations (34) and (45), it can be known that f;+g1=0q;, and g;>f1, it can be known from
equations (26) and (34) that:

(wz + wv)Ro (ﬁa)v+g1(/)v)2(a)z+a)v)
+ +
r drkvawz (49)

(aw 2 + fp2)" (02 + @ov) (o 2+ fo)fov+ g,0v)
+
Ark zwz rk v

f,+g9,=

Then according to equation (45), inference 6 can be obtained.

Inference 6: When 3w:> wv> wz 3wz> wv> oz, thereis v " (P)> Vv, (P)+V > (P); when 3w:< wv,

thereis v (P)< vV, (P)+V, (P) .

Prove: From the previous formula, it can be known that

oy - 0z UD 2 UD ¥ Rowz (awz+¢zfl)’  (Pwz+ ol ) Bo v+ pvgl)
, fi= yg1= , fa= + + ,
oY + oz r+o r+6 r [2rkz(1 -7 (1)] rk v

oy > wz ,n(t) =

Rowy (ﬂa)v+(pvg|)2 (aw z + pzfl Y(aw v + pzgl) U(oy + wz)
+ + =

g2 = Q= ——"+,
r [2rkv (1 -7 (1)] rk z r+6
Ro(awv z Y z) oy 12 Y )@z 12 . .
poo Rolov+ o ), Wlorrongad | laor+ oz)pza] , p2—fa—g.is brought into a group of
r 2rk v 21k z

. . . -4 1
values for analysis, and the factor is decomposed into [—,wv —3wz,(wv)’ + (wz)z,—} It can be known

45 0z

that when 3w:> wv>w: , there is Vv (P)>V, (P)+V,”(P) ; when 3w:< v , there Iis

VE(P)S VS T(P) + VS T(P).
The certificate is completed.

From inference 6, it can be seen that collaborative governance decisions based on the overall interests
of transboundary basins under the intervention of the central government are not always able to maximize
the overall interests of the basin. When 3w:< wv, the overall benefit of the basin under the ecological
compensation governance mode of the left and right bank governments is greater than that under the
collaborative governance mode of the left and right governments under the intervention of the central

- . . 1 i
government. Specifically, when3w:> »v> oz, it can be seen from equation (26) that o< 5 (t)< —, that is,
2

when the ecological compensation provided by the right bank government to the left bank government is
less than 50% of its cost proportion, the overall benefit of the basin is the largest under the intervention of
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. . 1 .
the central government; Whensw:< wv , it can be seen from equation (26) that » (t) > — ,that is, when the
2

ecological compensation provided by the right bank government to the left bank government accounts for
more than 50% of its cost proportion, the overall benefit of the governments on the left and right banks of
the basin under the cooperative governance with ecological compensation is the largest.

To sum up, under the non cooperative governance mode of left and right bank governments without
ecological compensation, the optimal decisions of left and right bank governments are based on the
maximization of their own benefits. At this time, the self-benefits of left and right bank governments and
the overall benefits of the basin are the smallest. Under the intervention of the central government, the
overall benefits brought by the collaborative governance decisions of the left and right bank governments
are not always optimal. When the ecological compensation provided by the right bank government to the
left bank government is sufficient, the enthusiasm of the left bank government to invest in pollution control
efforts can be improved and the overall benefits of the basin can be optimized.

V. EXAMPLE ANALYSIS
The optimal decisions and benefits of the left and right bank governments in the transboundary basin
depend on the choice of model parameters under three different governance modes. This paper refers to the

research results of references [6,37,38],combined with the actual situation, the example parameters are set
as shown in TABLE | below.

TABLE I. Specific parameter assignment.

PARAMETER o ,B M kz kY ¢z oy 0 r wz wy Po
NUMERICAL 0.5 0.5 0.4 2 2 06 |06 |01 0.9 0.4 0.5 1
VALUE

The parameters of each calculation example are substituted into the previous relevant analytical
formula to analyze the influence of different parameters on the income and the comparative analysis of the
income under different governance modes.

5.1 Impact of Different Parameters on the Overall Income of the Basin

(1) The impact of the cost coefficient of the government's pollution control efforts on the overall
benefits of the basin
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Income

Fig 1: Impact on the overall income of the basin

Through the simulation parameters, it can be seen from Fig 1 that under the premise of ecological
compensation by the central government, the impact of the cost coefficient of the left bank government's
pollution control efforts on the overall income of the basin is analyzed. It can be seen that the cost
coefficient of government pollution control efforts is directly proportional to the investment level of
pollution control efforts. With the improvement of the level of pollution control efforts, the cost coefficient
of pollution control efforts keeps increasing; with the increase of cost, the overall income of the basin
gradually decreases. Therefore, with the increase of pollution control efforts, the overall benefits of the
basin gradually decreased. Similarly, it can be concluded that the cost coefficient of the right bank
government pollution control efforts has an impact on the overall income of the basin. With the increase of
the investment in pollution control efforts, the overall income of the basin gradually decreases. It can be
seen that local governments need to be encouraged to actively participate in water pollution control under
the premise of certain ecological compensation.

(2) The impact coefficient of government efforts on pollutant emission reduction on the overall income
of the basin
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Income

Time
Fig 2: Impact on the overall income of the basin

Through the simulation parameters, it can be seen from Fig 2 that the impact coefficient of the
government's pollution control efforts on the pollutant emission reduction on the overall income of the
basin is analyzed. It can be seen that with the increase of the impact coefficient, the overall income of the
basin increases significantly, and the impact coefficient of the government's pollution control efforts on the
pollutant emission reduction is directly proportional to the overall income of the basin. Similarly, the
impact coefficient of the right bank government's pollution control efforts invested on pollutant emission
reduction increases, and the overall income of the basin gradually increases.

(3) The impact coefficient of the social welfare effect of the government's pollution control efforts on
the overall income of the basin

Income

—¥—
—S—a

(TR TIT1
eeee
e

—B—a
1.5 1 1 L 1 L

0 10 20 30 40 50 60
Time

Fig 3: « impact on the overall income of the basin
Through the simulation parameters, it can be seen from Fig 3 that it can be seen from Figure 3 that the
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impact coefficient of the government's pollution control effort investment level on the social welfare effect
on the overall income of the basin is analyzed. It can be seen that with the increase of the impact
coefficient, the change of the overall income of the basin increases significantly, and the impact coefficient
of the government's pollution control effort investment level on the social welfare effect is directly
proportional to the overall income of the basin. Similarly, the impact coefficient of the right bank
government's pollution control efforts on the social welfare effect increases, and the overall income of the
basin increases gradually. It can be seen that the more obvious the impact of government's investment in
pollution control efforts on social welfare, the better the effect.

5.2 Comparative Analysis of Benefits under Different Governance Modes

By substituting the parameters of each calculation case into the previous relevant analytical equations,
and then combining with Equations (15), (32) and (45), we can obtain the comparison diagram of the
government income of the left and right banks with or without ecological compensation governance mode,
as shown in Figure 4.

I
13 -~
' /@' __o__e__o--e——o---o——e
- o-- o
oo
1.2F // - © T
g
g,
4
L1 7, 1
£ /7 O Sk 2Rt |
8 i _*——’*‘"*-_*_
< A _ ¥
1@-/, * " * * * ¥ 3
0.9F , 1
*
’ —¥— No ecological compensation left bank government
0.8F ,7 - -G - With ecological compensation left bank government| -

- =% - No ecological compensation right bank government
---&-- With ecological compensation rigth bank governme

—

0 10 20 30 40 50 60
Time

Fig 4: Comparison of the respective benefits of the governments on the left and right banks with or
without ecological compensation

As can be seen from Fig 4, cost subsidy can significantly improve the income of the left and right bank
governments. Compared with the right bank government, the left bank government has a more obvious
income improvement effect under the condition of cost subsidy. This is because the ecological
compensation provided by the government of the right bank to the government of the left bank can
stimulate the enthusiasm of the government of the left bank in pollution control efforts, so as to reduce the
pollution emissions of rivers in the basin and increase the social welfare of the basin, thus increasing the
income of the government of the left and right bank. At the same time, because the right bank government
provides ecological compensation to the left bank government, the pollution control cost of the left bank
government is reduced, but the pollution control cost of the right bank government is increased. Therefore,
compared with the right bank government, the left bank government has a more obvious income
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improvement effect under the governance mode with ecological compensation.

In addition, when other example parameters remain unchanged, let »: = 0.2,0v = 0.9 ,and at this time
3wz< wv ,the total income of the basin under the three governance modes are compared, as shown in
Figure 5.

Income

—#8&— Basin income without ecological compensation —%— Basin income without ecological compensation

—P— Basin income with ecological compensation - -3 - Basin income under the intervention of the central government

—©— Basin income under the intervention of the central government —©— Basin income with ical compensation
n . n n . I 1 I

"
0 10 20 30 40 50 60 ) 10 20 30 40 50 60
Time Time

3wz> wv> wz 3wz< wy

Fig 5: Comparison of the overall benefits of the basin under the three governance modes

As can be seen from Fig 5, when 3w:> wv> w2, the overall benefits of the left and right bank
governments under the intervention of the central government are much greater than those of the left and
right bank governments without ecological compensation or with ecological compensation; When
3wz< wv , the overall benefits of governance decisions made by the governments of the left and right
banks with ecological compensation mechanism are much greater than those made by the governments of
the left and right banks under the intervention of the central government. The overall benefit of the left and
right bank governments in the transboundary basin under the non cooperative governance mode without
ecological compensation is much less than that under the other two modes, which once again verifies the
results of the inference. Therefore, it can be seen that the governance mode with ecological compensation
can promote the improvement of the overall benefits of the basin, and is an effective means to solve the
problem of transboundary water pollution control in the basin.

V1. CONCLUSION

Based on the differential game theory, this paper studies the impact of ecological compensation on the
control of transboundary water pollution by the governments on the left and right banks. The model results
show that when solving the dilemma of water pollution control in transboundary basins, the non
cooperative governance model without ecological compensation is absolutely undesirable, and the
intervention decision-making model of the central government is not always optimal, and the ecological
compensation model of left and right bank cooperation is effective. In particular, the current financial
transfer payment will bring great pressure to the national finance, and there will even be insufficient
compensation. The ecological compensation mechanism will become a realistic choice to solve the
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dilemma of transboundary water pollution control. According to the results of the model analysis, the
following aspects should be paid attention to in improving the basin transboundary ecological
compensation mechanism.

As a relatively complete eco geographical unit, the decision-making on the left bank often has the most
direct impact on the water quality and quantity of the basin. Therefore, the central government and the
right bank government should give priority to ensuring the long-term benefits of the left bank government.
First, establish a "1 + 2" stepped compensation model of cross basin ecological compensation led by the
central government, because the state can coordinate the ecological compensation among provincial
functional areas in the region by means of central financial transfer payment, tax adjustment and the
establishment of ecological compensation coordination fund; To improve the financial compensation
mechanism of the provincial government, the provincial government can coordinate the interests of the
local municipal government as an effective supplement to the central ecological compensation, which not
only reduces the financial pressure of a single subject to undertake ecological compensation, but also helps
to narrow the difference in regional financial revenue, optimize the allocation of resources, and reflect the
objectives of fair distribution and stable economic development goals, improve the efficiency of ecological
compensation. Local governments can coordinate the interests and ecological compensation within their
jurisdiction and the administrative regions below prefectures and cities.

Secondly, establish a binding ecological compensation incentive mechanism between the governments
on the left and right banks of the basin. In the process of watershed transboundary ecological compensation,
it is often difficult to achieve the optimal and stable equilibrium strategy of the left and right banks if the
government only relies on its own consciousness, thus falling into the "prisoner's dilemma™ of river basin
transboundary. Through the intervention of the central government, establish a reasonable and effective
incentive and restraint mechanism. The governments on the left and right banks should sign binding river
basin ecological protection compensation agreements, clarify the stakeholders of water pollution control
and ecological compensation, standardize the behavior of the subject responsible for compensation, let the
defaulting party pay the price, and promote the establishment of river basin transboundary ecological
compensation mechanism, so as to optimize the overall income of the basin.

Finally, the practice of river basin transboundary ecological compensation should be combined with the
actual situation of the basin and the local conditions to choose the appropriate model of river basin
transboundary ecological compensation. For example, the negotiation and transaction between the
upstream and downstream of Dawen River Basin, the joint investment between the upstream and
downstream governments of Chishui River Basin, the intergovernmental financial transfer payment of
Dongjiang River Basin, and the Intergovernmental mandatory withholding based on outbound water
quality in Liaohe River Basin and Taihu Lake Basin are all positive practices of the basin's transboundary
ecological compensation mechanism at the local level. In addition, due to the lack of special legislation on
ecological compensation in China, the local practice of river basin transboundary ecological compensation
has fallen into the situation of insufficient legal evidence, and the practical process of local ecological
compensation has been affected.

Therefore, it is necessary to speed up the formulation and improvement of laws and regulations on

1551



Forest Chemicals Review

www.forestchemicalsreview.com

ISSN: 1520-0191

May-June 2022 Page No. 1530 — 1555

Article History: Received: 24 February 2022, Revised: 05 April 2022, Accepted: 08 May 2022, Publication: 30 June 2022

river basin transboundary ecological compensation, legalize the river basin transboundary ecological
compensation mechanism, and promote the river basin transboundary ecological compensation into the
track of standardization, institutionalization and legalization.

The research hypothesis of this paper only considers the situation of the government's pollution control
efforts on the left and right banks, and does not consider the impact of the participation of enterprises and
the public on ecological compensation. In the future, we will further explore the government enterprise
strategy interaction under the environment of enterprise and public participation in governance.

ACKNOWLEDGEMENTS

This research was supported by General Program of National Natural Science Foundation of China
(Grant No. 51579104).

REFERENCES

[1] Sun S K, Wang Y B, Liu J, et al (2016) Sustainability assessment of regional water resources under the DPSIR
framework. Journal of Hydrology 532: 140-148.
[2] Xu S H, Han C F (2019) Study on basin ecological compensation mechanism based on differential game. Chinese
Journal of Management Science 27 (08): 199-207.
[3] Zhao L J, Cao W (2011) Study of regulating model of cooperation and reallocation of benefits on transboundary
pollution of lake basin. Journal of systems engineering 26 (03): 367-372.
[4] Yang Z, Niu G M, Lan Z R (2021) Policy strategy of transboundary water pollution control in boundary rivers
based on evolutionary game. China Environmental Science 41(11): 5446-5456.
[5] Gao X K, Xi Z Y (2021) Evolutionary game of government and enterprise pollutant discharge behavior under
combined measures. China Environmental Science 40 (12): 5484-5492.
[6] Li X, Cao F F, Chen X C, et al (2013) Spatial source apportionment analysis of target pollutant for sensitive area: a
case study in Xin'an River Basin for inter provincial assessment section. China Environmental Science 33 (09):
1714-1720.
[7] Chen Y P, Cheng Y X (2018) The eco-compensation tactics of basin with seriously disrupted water environment.
Journal of Huazhong Agricultural University (01): 121-128 + 162.
[8] Xu J Y, Kang Q, Duan H Y, et al (2014) Study on water quality assessment method of left and right provincial
boundary buffering area. Water Saving Irrigation (11): 64-67.
[9] Zheng S P, Huang L C, He J Y (2020) Study on the horizontal ecological compensation scheme between southern
Zhejiang counties: take Aojiang River Basin as an example. Environment and Development 32(08): 4-6.
[10] Seidakhmetov M, Alzhanova A, Baineeva P, et al (2014) Mechanism of trans boundary water resources
management for central Asia countries. Procedia Social and Behavioral Sciences 143: 604-609.

[11] Wang X, Zhang Y, Zeng Y, et al (2013) Resolving trans-jurisdictional water conflicts by the Nash bargaining
method: a case study in Zhangweinan Canal Basin in north China. Water Resour Manage 27: 1235-1247.

[12] Fan H, Niu W J, Niu F (2014) Study on trans-boundary water resource conflict based on behavioral geography
Modern Electronic Technology 37(10): 15-19+23.

[13] Sun D Y, Wang H M, Niu W J (2013) Research on transboundary water pollution conflict in river basin based on
graph model. Resources and Environment in the Yangtze Basin 22(04): 455-461.

[14] Jiang K, Merrill R, You D M, et al (2019) Optimal control for transboundary pollution under ecological
compensation: a stochastic differential game approach. Journal of Cleaner Production 241(12): 118391.

1552



Forest Chemicals Review

www.forestchemicalsreview.com

ISSN: 1520-0191

May-June 2022 Page No. 1530 — 1555

Article History: Received: 24 February 2022, Revised: 05 April 2022, Accepted: 08 May 2022, Publication: 30 June 2022

[15] Javier D F, Guiomar M H (2019) Spatial vs. non-spatial transboundary pollution control in a class of cooperative
and non-cooperative dynamic games. European Journal of Operational Research 276(1):379-394.

[16] Hao C X, Zhao Y K, He Y, et al (2019) Research on market ecological compensation mechanism in Chishui
River Basin based on stakeholders. Ecological Economy 35(2): 168-173.

[17] Ni Q, Zhao M J, Li C Q, et al (2021) Multidimensional trust and its impact on the willingness to pay for
ecological compensation in China’s transboundary watersheds—taking the largest tributary of the Yellow River as
an example. Journal of Environmental Planning and Management 64(12): 2257-2275.

[18] Xu S B, Wang Y D, Geng X Y (2020) Ecological compensation: Theoretical review and research prospect.
Forestry Economics 42(03): 14-26.

[19] Yi Y X, Yang M, Fu C Y (2021) Analysis of multiple ecological compensation strategies for transboundary
pollution control in a river basin. Managerial and Decision Economics 42(6): 1579-1590.

[20] Pettinotti L, Ayala A, Ojea E (2020) Benefits from water related ecosystem services in Africa and climate change.
Ecological Economics 149(7): 294-305.

[21] Xu L Y (2018) The theory and legal system framework of the effective integration between government and
market in ecological compensation. Journal of Jiangxi University of Finance and Economics (04): 111-122.

[22] Coq J F L, Froger G, Pesche D, et al (2015) Understanding the governance of the PES programme in costa
rica: a policy process perspective. Ecosystem services (16): 253-265.

[23] Zheng Y C, Ge Y X, Jie Y M, et al (2019) Analysis framework of diversified watershed eco-compensation:a
perspective of compensation subject. China Population, Resources and Environment 29(07):131-139.

[24] Zzhu R X, Li P Z (2020) How to achieve horizontal coordination of cross-regional watershed ecological
compensation?— based on a qualitative comparative analysis of 13 watershed ecological compensation cases.
Public Administration Review 14(01): 170-190+224 —225.

[25] Wang X Q, Gao J, Ma S Q, et al (2020) A model of shared responsibility of watershed ecological compensation:
a case study of the Jiuzhoujiang River Basin. Resources Science 42(2): 242-250.

[26] Wang J F, Feng S Q (2019) Study on compensation standards for transboundary water pollution from perspective

of emission right transfer. Resource Development & Market 35(03): 324-328+394.

[27] Shi G M, Wang J N, Bi J (2012) The standard design of cross-border watershed eco-compensation based on water
guality agreement between upstream and downstream. Acta Scientiae Circumstantiae 32(08): 1973-1983.

[28] Huang W (2012) Design basis for standard of compensation and horizontal compensation mode in
watershed-based PES. Ecological Economy (06): 154-159+172.

[29] Rao Q H, Qiu Y, Wang F F, et al (2013) Quantification of trans-regional eco-compensation in Minjiang River
Basin. China Environmental Science 33(10): 1897-1903.

[30] Cheng B, Tian R S, Dong Z F (2012) Patterns and assessment of the watershed eco-compensation standard
practices in China. Ecological Economy (04): 24-29.

[31] Wang F E, Xu X Y, Fang Z F, et al (2009) Quantitative of water pollution eco-compensation in Qiantang River
Basin based on COD flux. Resources and Environment in the Yangtze Basin 18(03): 259-263.

[32] Wang J F, Hou C B (2013) Study on implementation framework and compensation pattern of basin ecological
compensation mechanism in China: From the perspective of compensation funds source. China Population,
Resources and Environment 23(02): 23-29.

[33] Shao L L (2020) On the establishment of the legal mechanism on benefit compensation concerning transboundary
river basin ecosystem—from the perspective of regional coordinated governance. Politics and Law (11): 90-103.
[34] Zhou H W, Peng Y M (2020) Study on water ecological compensation mechanism in Taihu Basin. Yangtze River

51(04): 81-85.

[35] Yu X J (2007) Discussion on constructing water ecological compensation mechanism in Taihu Lake Basin. Issues

of Agricultural Economy (09): 56-59.

1553



Forest Chemicals Review

www.forestchemicalsreview.com

ISSN: 1520-0191

May-June 2022 Page No. 1530 — 1555

Article History: Received: 24 February 2022, Revised: 05 April 2022, Accepted: 08 May 2022, Publication: 30 June 2022

[36] Huang D C, Guo H X (2010) Study on the construction of ecological compensation mechanism for transboundary
water pollution in the Yangtze River delta. Science & Technology Progress Policy 27(18): 108-110.

[37] Zhang J, Mao T, Qian W (2016) Multi-agent negotiation model of ecological compensation for transboundary
water pollution in river basin. Science and Technology Management Research 36(03): 225-229+239.

[38] J, Zeng Y Q (2015) Multi-attribute decision making of water pollution ecological compensation plans based on
prospect theory. Environmental Science and Technology 28(05): 55-59+67.

[39] Li J, Jia H'Y, Xu J F (2019) Study on ecological compensation of reservoir water resources in Yangtze River
Basin. Yangtze River 50(06): 15-19.

[40] Chen K (2011) Discussion on the negotiation mechanism of cross-boundary water pollution treatment in Yangtze
River. Journal of Anhui Agricultural Sciences 39(11): 6643-6646.

[41] Li S D (2016) Dynamic optimal control of pollution abatement investment under emission permits. Operations
Research Letters 44(3): 348-353.

[42] Coq J F L, Froger G, Pesche D (2015) Understanding the governance of the PES programme in Costa Rica: a
policy process perspective. Ecosystem Services (16): 253-265.

[43] Hu Z H, Liu J Y, Zhong M R, et al (2016) Interests balance of trans-boundary river basin ecological
compensation based on evolutionary game theory—taking Lijiang Basin as a case. Economic Geography
36(06):42-49.

[44] Jiang D L, Cao G H (2015) Collusion between the government and the enterprise in pollution management.
Journal of Systems Engineering 30(05):584-593.

[45] Cao G H, Jiang D L, Tang R J (2011) Dynamic optimal decision based on watershed eco-compensation:
application of differential game theory. System Engineering 29(11): 63-70.

[46] Wang Y H, Xuan Y (2021) Study on the principle of PES for air pollution governance of Beijing-Tianjin-Hebei.
Ecological economy 37(03): 192-196.

[47] Yin S S, He J (2020) On improvement of legal mechanism for air pollution ecological compensation in China.
Ecological Economy 36(05):176-181.

[48] Yin S S (2020) On the incentive legal regulation of joint prevention and control of air pollution for local
government. Environmental Protection 48(05):60-65.

[49] Du C B (2018) Ecological compensation mechanism in synergy governance of haze: a case study of
Beijing-Tianjin-Hebei region. Academic Journal of Zhongzhou (12): 29-34.

[50] Guo G J (2016) Research on intergovernmental air ecological compensation mechanism in context of
cross-border governance in air pollution based on case of Shandong province's intergovernmental air ecological
compensation practice. Resources Development and Market 32(07): 832-837.

[51] Gao X L, Xu J C (2016) The framework design of the ecological compensation system in the
Beijing-Tianjin-Hebei region of atmospheric governance. Journal of Henan College of Finance & Taxation 30(03):
41-44,

[52]Wang L H, Rong Z G, Zhang J (2012) Exploration of Ecological Compensation Mechanism for Air Pollution
Control in Shijiazhuang City. Industry and Technology Forum 11(19):114-115.

[53] Feng C P, Yin S J, Xiao X Z, et al (2020) Study on allocation and compensation of regional carbon emission right
in Zhejiang Province. Journal of Systems Engineering 35 (05): 577-587.

[54] Wei W X, Wang Y H (2019) Study on Ecological Compensation Standards for Air Pollution Control in
Beijing-Tianjin-Hebei Region. Journal of Finance and Economics 45(04):96-110.

[55] Wang L P, Chen F L, Yang Ran (2018) Research on ecological compensation standard of haze pollution in the
Beijing-Tianjin-Hebei region. Acta Scientiae Circumstantiae 38(06):2518-2524.

[56] Liu W (2015) Research on the establishment of market-oriented ecological compensation model for air pollution
in Beijing-Tianjin-Hebei Region. Management Modernization 35(02):64—65+120.

1554



Forest Chemicals Review

www.forestchemicalsreview.com

ISSN: 1520-0191

May-June 2022 Page No. 1530 — 1555

Article History: Received: 24 February 2022, Revised: 05 April 2022, Accepted: 08 May 2022, Publication: 30 June 2022

[57] Niu X Y, Wang B F, Cao Z W (2018) Study on market-oriented ecological compensation model for air pollution
in Beijing, Tianjin and Hebei. Accountant (01): 61-62.

[58] Wang W Q (2014) Research on cross regional cooperative treatment of air pollution -- Taking Beijing as an
example. Journal of Public Management 11 (01): 55-64 + 140.

[59] Ye F F, Wang Y M (2019) Steategy of regional cooperative governance in air pollution: game analysis based on
weighted DEA. System Science and Mathematics 39(01):37-50.

[60]Wang N (2019) Study on the cooperative governance model of air pollution in Hebei Province under the
background of coordinated development of Beijing-Tianjin-Hebei. China Collective Economy (02):28-30.

1555



