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Abstract: Eco-compensation is an important policy tool to trade off economic development and
environmental protection in a watershed. This study introduced the gross ecosystem product
(GEP) accounting system to identify the eco-compensation provider (ECP) and eco-compensation
receiver (ECR) of a river basin. Then, a cooperative game model and a non-cooperative game model
between the ECP and the ECR were established, in which system dynamics was incorporated into
the game theoretical analysis to aid selection of the optimal compensation scheme. The study further
demonstrated the model applications by taking the Tuojiang River Basin as a case. The results showed
that the accounted GEP increased from CNY 32.2 billion in 2018 to CNY 35.5 billion in 2020, with
a growth rate of 10.2%. Deyang City, as an ECP, had a cumulative difference of CNY 11.759 billion
between its accounted GEP and actual GEP output over the three years. Neijiang City, Zigong
City, and Luzhou City were taken as the ECR, receiving the GEP revenues as CNY 11.289 billion,
7.661 billion, and 1.497 billion, respectively. Chengdu City changed from the ECP to the ECR and
ultimately to the ECP. However, Ziyang City and Meishan City changed from the ECP to the ECR.
The eco-compensations increased to varying degrees during 2018–2020 in both game scenarios, with
ECP payments and ECR revenues increasing by 16.5% and 4.6% in the non-cooperative game and
by 5.0% and 50.8% in the cooperative game. Particularly, the eco-compensation obtained by the
cooperative game had better environmental and economic performance, as there was a total of CNY
7.049 billion being saved. However, there was no savings of compensation by the non-cooperative
game. It is expected that the results may provide insight into the design of the eco-compensation
standard for a river basin.

Keywords: watershed; cooperative game; non-cooperative game; system dynamics; eco-compensation

1. Introduction

River basin poses negative externalities exception for their ecosystem services, that
is, the upper stream may transfer the responsibility for pollution control downstream, ag-
gravating the conflicts between economic development and environmental protection [1,2].
As an effective policy mechanism to mitigate such conflict, eco-compensation aims to
coordinate multi-stakeholders’ interests through economic compensation, thus facilitating
the conservation and sustainable use of ecosystem services [3,4].

Eco-compensation was first introduced by Larson [5], who believed that ecological
restoration can be achieved by property rights owners financially compensating areas
where ecological or environmental quality has been damaged. Chomitz [6] further argued
that eco-compensation is a requisite for policymakers to maintain the security of ecosystem
services. On this basis, the compensation is dominated by the government, using fiscal and
taxation policy to compensate for environmental protection. However, a watershed is an
independent system with complete hydrological and ecological functions [7]. If only the
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government bears all the negative external costs of the watershed, the consumers of ecolog-
ical services are likely to evade their obligations [1,8]. Pattanayak et al. [9] introduced the
concepts of ecological compensation provider (ECP) and ecological compensation receiver
(ECR), clarifying their rights and responsibilities. In practice, watershed management is
often based on hydrology, water quality, water quantity, etc., with the upstream as the ECP
and the downstream as the ECR, which leads to the compensation from upstream to down-
stream. However, such division may ignore the socio-economic value of the ecosystem
services [10]. Not only does the management have limited compensatory effects, but it
can also create conflicts among stakeholders that hinder the sustainable development of
watershed resources [11].

Another important issue is how to formulate a reasonable eco-compensation scheme.
Since game theory has been widely used to analyze the optimal strategic action of regions
or countries involved in conflicting interests, it has also been applied to the design of
eco-compensation mechanisms in watersheds [12]. The game is further divided into a non-
cooperative game and a cooperative game. The former focuses on individual behavior, i.e.,
all actors maximize their own interests through rational competition [13], whilst the latter
gives emphasis on coordination and is concerned with maximizing group interests [14]. In
non-cooperative games, bargaining game is an effective modeling approach for conflict
resolution among stakeholders in a watershed [15]. Bargaining is the process by which local
governments in a watershed negotiate compensation with the ECP and ECR to meet the
requirements for the best possible water quality and quantity [16]. Bai et al. [17] constructed
a bargaining game model of eco-compensation in watersheds with cost–risk interactions
by taking indicators such as water quality, water quantity, and pollution treatment costs
into account. To improve the design of eco-compensation, Qin et al. [18] further considered
the issue related to bargaining information asymmetry resulted from individual rationality.
Zhang et al. [19] proposed a dynamic Bayesian equilibrium bargaining model based on
the compatibility of incentives and constraints and obtained an eco-compensation scheme
suitable for the optimal water quantity and quality in a watershed.

Non-cooperative games are more susceptible to information dominance by players,
which may lead to an uneven distribution of eco-compensation among stakeholders [20].
Accordingly, related studies have introduced the cooperative game, i.e., all players form
an interest alliance to maximize the eco-compensation of a watershed, aiming to improve
the water quality and water use efficiency [21]. Based on equity principles, Shi et al. [22]
constructed a watershed cooperation game model dominated by water quality and quantity,
confirming that the compensatory benefits generated by the involved stakeholders’ cooper-
ation can significantly improve the quality of the water environment. Han et al. [23] derived
the optimal eco-compensation scheme by building a cooperative game model based on
hydrological, geographic, and environmental indicators of a watershed. Based on water
quality and quantity, Gao et al. [24] concluded that increasing ecological subsidies is able to
maximize the interests of all the players by conducting a cooperative game analysis between
the upstream, downstream government, and central government. However, continuing to
subsidize becomes more of a financial burden. For this reason, Ding et al. [20] proposed a
game model regarding government–business cooperation to enhance the sustainability of
compensation based on environmental performance targets. However, the effectiveness
of cooperative games can be limited by differences in watershed economic development,
pollution control, and management models, that make it difficult to achieve a long-term
and solid alliance [16]. Moreover, previous studies have not considered the relationship
between the supply and demand of ecosystem services, resulting in a vague definition of
eco-compensation relationships.

This study introduced the gross ecosystem product (GEP) accounting system to dis-
criminate the ECP and ECR in regard to ecosystem services in a river basin. By analyzing
the difference between the accounted GEP and the actual GEP output that can be allocated
to the stakeholders, the changes between ECP and ECR were identified. Given the varying
degrees of the individual rationality of stakeholders in watershed management, this may
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lead to an uneven allocation of GEP in the watershed. This study further selected the
optimal eco-compensation program by different forms of game theoretical analysis. The
results are expected to lay a foundation for China to formulate eco-compensation standards
for watersheds.

2. Materials and Methods
2.1. Study Area

Tuojiang River is a first-class tributary of the upper Yangtze River (28◦88′ N–30◦29′ N,
105◦44′ E–108◦20′ E), flowing through seven cities of Sichuan Province, namely Deyang,
Chengdu, Meishan, Ziyang, Neijiang, Zigong, and Luzhou, with a total length of 712 km
and a total area of 3.29 million square kilometers (Figure 1). Each of these seven cities has
a resident population of over 290,000 and an average GDP of CNY 73.70 billion [25,26].
According to the Second National Census of Pollution Sources Statistics, the total amount
of wastewater discharged by industrial enterprises in the Tuojiang River Basin reached
140 million tons, facing huge pressure on pollution control [27]. Given the high density
of population and industry, the development of a feasible eco-compensation program is
critical to improving environmental quality and enhancing ecosystem services.
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2.2. ECP and ECR Identification

GEP is the sum of the economic value of final goods and services provided by ecosys-
tems for economic and social development [28]. On the basis of the technical guidelines
of GEP [29] and the characteristics of the Tuojiang River Basin, this study established a
GEP accounting system, shown in Figure 2. This system is constituted of three hierarchies,
including products, regulating services, and cultural services. These three criteria consist of
eight indicators, including water protection, soil and water protection, flood regulation and
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storage, carbon sequestration, air cleaning, water quality improvement, climate regulation,
and natural landscape. The accounting is given as follows [30,31]:

GEPT = Mp + Rs + Cs (1)

where GEPT is the accounted result, Mp is the accounted result of products, Rs is the
accounted result of regulating service and Cs is the accounted result of cultural service. The
detailed accountings for Mp, Rs and Cs are shown in the Supplementary File S1.
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This study accounted for the theoretical GEP for the seven cities in the Tuojiang River
Basin during 2018 to 2020. Corresponding consumption data for agriculture, forestry,
animal husbandry, fishery products, water resources, and tourism were from the Sichuan
provincial statistical yearbook 2018–2020 [32–34]. The water quality data were derived from
monthly monitoring data during 2018 to 2020 from 24 state-controlled cross sections in
the Tuojiang River Basin. Data on water conservation, water transfer, and storage in
reservoirs and ponds, water transfer, and storage in lakes, soil nutrient content, soil carbon
sequestration, pollutant emissions, and annual evapotranspiration were obtained from
field surveys.

According to the statistical bulletin on national economic and social development in Sichuan
Province 2018–2020 [35–37], in combination with the basin area occupied by each city, the
actual GEP output regarding each city is given as follows:

GEPA =
n

∑
i=1
j=1

αj × Ai (2)

where GEPA is the actual GEP output, αj is the proportion of the jth city to the total area of
the river basin, j = 7; and Ai is the actual output of the ith indicator, i = 8.

If the difference between GEPA and GEPT is greater than 0, i.e., the actual output
is higher than the accounted result, it indicates that the city may be over-exploiting the
ecosystem services and should be deemed as an ECP and vice versa as an ECR.

2.3. Game Modeling

With regard to the game model construction, the player is not simply defined based
on the division of upstream and downstream in a watershed. This study introduced the
GEP accounting system to identify the ECP and ECR, who are considered as the players for
the game. This may better embody the “Polluter Pays” concept, as well as highlight the fact
that watershed as an ecosystem has great socio-economic value. Second, given the varying
degrees of individual rationality regarding the players, this study provided two classical
games to aid the selection of optimal eco-compensation program. Moreover, the model
was set upon necessary assumptions, to be consistent with the main conflicts regarding the
eco-compensation design, such as how to trade off fairness and efficiency.
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2.3.1. A Non-Cooperative Game Model

This study builds a non-cooperative game model based on bargaining, and the basic
assumptions are as follows:

(1) The main player in the game is the local government, which may be the ECP or the
ECR, depending on the difference between GEPA and GEPT . The central government
is the administrator of the allocation of eco-compensation.

(2) Local governments are considered rational economic actors. As far as ECP are con-
cerned, the aim is to maximize the use of ecosystem service for economic benefits
while paying minimum eco-compensation. In the case of ECR, the aim is to protect
the quality of the water environment while promoting economic development.

(3) Each player in the game knows all of the other’s information and there is no unequal
or unfair information.

(4) There is a time cost associated with each round of negotiations. For every round
of negotiations that is delayed, both players suffer economic losses. Therefore, a
discount factor σ (0 ≤ σ ≤ 1) is introduced into the game to reflect the time cost. The
closer the discount factor converges to 1, the smaller the economic loss caused by
the negotiation.

The objective function of the ECP and ECR is:

maxEGEP = ∑m
i=1 Gi − Cx

{
EGEP ≥ ET

Rx ≥ 0
(3)

minDGEP = Rx −
n

∑
j=1

Gj

{
DGEP ≤ DT

Cx ≥ 0
(4)

where EGEP is the GEP provided by the ECP; Gi is the GEP provided by the ith ECP; Cx
is the eco-compensation provided by the ECP after the xth round of negotiation; ET is
the expected GEP provided by the ECP; DT is the expected GEP received by the ECR;
DGEP is the GEP provided by the ECR; Gi is the GEP provided by the jth ECO; Rx is the
eco-compensation received by the ECR after the xth round of negotiation.

In the bargaining, the ECP has maximized GEP output as its strategic action objective,
while ECR has minimized GEP output as its strategic action objective. The bargaining will
continue until the solutions of E∗GEP and D∗GEP satisfy the following conditions:{

E∗GEP ≥ ET
D∗GEP ≤ DT

(5)

where E∗GEP and D∗GEP are the optimal strategic actions for the ECP and the ECR, respectively.
According to backward induction, ECP gives the allocable GEP in the tth round of

negotiation, and ECR obtains the optimal E∗GEP. In the ( t− 1)th round of negotiation, the

corresponding GEP provided by ECP ( GEPECP(t−1)

)
is:

GEPECS(t−1) = σ1 × E∗GEP (6)

At this point, ECP only accepts a price not less than GEPECS(t−1) given by the ECR,

and ECR receives the GEP in the ( t− 1)th round of negotiation
(

GEPECO(t−1)

)
:

GEPECO(t−1) = T
GEP
− σ1 × E∗GEP (7)

In the ( t− 2)th round of negotiation, ECR receives GEPECR(t−2):

GEPECO(t−2) = σ2 × (TGEP − σ1 × E∗GEP) (8)
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In the ( t− 2)th round of negotiation, ECP receives GEPECS(t−2):

GEPECS(t−2) = TGEP − σ2 × (TGEP − σ1 × E∗GEP) (9)

Assuming that the game is an infinite game, the price given by ECP in the tth round
of negotiation should be equal to the price given in the (t− 2)th round of negotiation, the
Equations (6)–(9) can be simplified as follows:

E∗GEP =
1− σ2

1− σ1σ2
× TGEP (10)

where TGEP is the total GEP of the river basin. According to the optimal strategy E∗GEP by
ECP, it can be concluded that the eco-compensation is:

C =
m

∑
i=1

Gi − E∗GEP (11)

If the GEP is given by the ECP in the tth round of negotiation, the ECR will receive the
optimal GEP as D∗GEP:

D∗GEP =
1− σ1

1− σ1σ2
× TGEP (12)

The corresponding eco-compensation is:

R = D∗GEP −
n

∑
j=1

Gj (13)

2.3.2. A Cooperative Game Model

There are three players in the cooperative game: ECP, ECR, and the central government.
The ECP and ECR are consistent with that defined in the non-cooperative game, who are
dominated by the central government. Given the variety of coalition possibilities that
exist, and this study only discusses the cooperation scenario composed of the three players
simultaneously {ECP, ECR, central government}.

The assumptions of the cooperative game are as follows:

(1) Definition: Let I be the set of the involved players and S be the set of all coopera-
tive sub-coalitions, ∀S ⊂ I; {i} be the set of players who have not involved in the
cooperation, ∀i ∈ I; v(S) represents the GEP revenue corresponding to S, which
satisfies the following conditions: when there is no cooperation, the revenue is 0;
when there is cooperation, there will be no further degradation on environmental
quality of the watershed;

(2) Validity: xi is defined as the contribution of the ith player from the total GEP. It satisfies

the following condition:
n
∑

i=1
xi = v(I), that is, the sum of the GEP allocated to each

city is equal to the total GEP of the river basin;
(3) Symmetry: Distribution of GEP per player does not change over time of cooperation;
(4) Redundancy: An involved player will not benefit from cooperation if they do not

contribute to the coalition.

The cooperation efficiency α (0 ≤ α ≤ 1) is introduced to assess the closeness of coop-
eration among players. Assuming that v is the characteristic function of the game and N is
the number of players in the alliance, the cooperative game can be expressed as G (N, v).
S is a subset of N (S ⊆ N), i.e., non-empty alliances in the game. v(S) represents the
revenue obtained by the coalition S. In this study, the Shapley value is used to solve for the
contribution xi of the ith player, which is expressed as follows [3]:
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xi = ∑
S∈N

w(S)[v(S)− v(S \ i)] (14)

w(S) =
(n− S)!(S− 1)!

n!
(15)

where v(S \ i) is the total revenue of S when the ith player is removed; w(S) is the weight
of S, and n is the number of players.

At the same time, the Shapley value ϕi should satisfy the following three conditions:
Individual rational conditions:

ϕi ≥ v({i}), ∀i ∈ N (16)

Group rational conditions:

∑
i∈S

ϕi ≥ v(S), ∀S ⊆ N (17)

Efficiency conditions:
∑
i∈N

ϕi = v(N) (18)

According to the contribution to the GEP, the eco-compensation for ECP and ECR can
be expressed as follows:

C = xECS −4GEPECP × α (19)

R = 4GEPECR × α− xECO (20)

where C is the eco-compensation provided by the ECP; R is the eco-compensation received
by the ECR; 4GEP is the revenue from the basin economic development, and α is the
cooperation efficiency.

3. System Dynamics Modeling

The key variables in the game model, as well as the relationships among the variables,
are represented by the causal feedback loops of system dynamics. The flow diagrams
of eco-compensation stocks for the two game scenarios were constructed, as shown in
Figures 3 and 4, respectively. All types of parameters and input data are shown from
Tables S1 to S4 in the Supplementary File S2. Among them, the non-cooperative game
scenario includes an enhanced feedback loop (compensation provided by the ECP →
ecological fiscal revenue→ central government eco-compensation fund) and a balanced
feedback loop (compensation received by the ECR → ecological fiscal expenditure →
central government eco-compensation fund).

Cooperative game scenario includes three enhanced feedback loops: 1© compensation
provided by the ECP→ ECP contributed to GEP; 2© compensation provided by the ECP
→ ECP contributed to GEP→ revenue of the ECP; 3© compensation provided by the ECP
→ ecological fiscal expenditure → central government eco-compensation fund. Three
balanced feedback loops: 1© compensation received by the ECR→ECR contributed to GEP;
2© compensation received by the ECR→ ecological financial revenue→ central government

eco-compensation fund; 3© compensation received by the ECR→ ECR contributed to GEP
→ expenditure of the ECR.



Land 2023, 12, 1698 8 of 16
Land 2023, 12, x FOR PEER REVIEW 8 of 17 
 

 
Figure 3. System dynamics model based on non-cooperative game. 

 
Figure 4. System dynamics model based on cooperative game. 

Figure 3. System dynamics model based on non-cooperative game.

Land 2023, 12, x FOR PEER REVIEW 8 of 17 
 

 
Figure 3. System dynamics model based on non-cooperative game. 

 
Figure 4. System dynamics model based on cooperative game. Figure 4. System dynamics model based on cooperative game.



Land 2023, 12, 1698 9 of 16

4. Results and Discussion
4.1. GEP Accounting Results and Actual GEP Outputs

Figure 5 shows the GEP accounting results of the Tuojiang River Basin in 2018–2020.
In the past three years, the GEP increased from CNY 32.2 billion in 2018 to CNY 35.5 billion
in 2020, with a growth rate of 10.2%. This indicates that the ecological and environmental
quality of the basin is generally improved. Among them, the contribution of regulating
services to GEP was the largest, with a total of CNY 55.394 billion in three years, accounting
for 56.78% of the total accounted GEP. Among the GEP contributed by the regulating
services, climate regulation services accounted for the largest proportion (61.27%), with
a total of CNY 33.938 billion over the three years. In addition, the GEP contribution to
climate regulation services increased annually, rising by approximately 27.26% in 2020
compared to 2018. The GEP contribution of water conservation, soil conservation, and flood
regulation and storage remained basically unchanged, which was CNY 4.742 billion, CNY
9.314 billion, and CNY 6.668 billion, respectively, in three years, accounting for 37.41% of the
regulating service. However, the GEP contributions of air purification, water purification,
and carbon sequestration were relatively low at CNY 0.029 billion, CNY 0.158 billion, and
CNY 0.056 billion, respectively. The three in total accounted for only 1.32% of the GEP
contribution by regulating services, indicating the vulnerable environmental quality of the
Tuojiang River Basin.
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Similar to the accounted GEP results, the actual GEP produced in the Tuojiang River
Basin also showed an increasing trend over the past three years, with a growth rate of
9.56%. Regulating services remained the main source of contribution, with a total of CNY
54.686 billion over the three years. However, the contribution of air purification, water
purification, and carbon sequestration contributed less GEP over the three years, at 0.1%,
0.5%, and 0.2% respectively.

The difference between the GEP accounting results and the actual GEP outputs for the
cities in the Tuo River Basin from 2018 to 2020 is shown in Figure 6. Of these, Deyang City
had positive GEP differentials in all three years, at CNY 5.746 billion, CNY 1.761 billion,
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and CNY 4.252 billion, respectively, accumulated as CNY 11.759 billion. This suggests that
its affiliated watershed section has been subject to overdevelopment and overutilization.
Therefore, Deyang City should be regarded as the ECP. As a major equipment manufac-
turing city in China, Deyang City accounts for 25% of the industrial output in Sichuan
Province [38], with a pronounced high carbon lock-in effect, leading to a continued demand
for the GEP. Neijiang City, Zigong City, and Luzhou City all had negative GEP differences,
indicating that the three cities are the ECR because of their high GEP contributions to regu-
lating services. The difference in GEP for Chengdu City from 2018 to 2020 was 0.991 billion,
−0.219 billion, and 1.477 billion, respectively, indicating that it changed from ECP to ECR
and then to ECP. This is mainly due to the fact that Chengdu was in a period of industrial
and energy transition, and the actual GEP output fluctuated greatly. As a result, its role
in eco-compensation was changing. From 2018 to 2020, the GEP differentials for Ziyang
City were 1.510 billion, 1.301 billion, and −1.137 billion, respectively, and for Meishan City
were 2.457 billion, 2.133 billion, and −0.134 billion, respectively, indicating that the two
cities changed from ECP to ECR. At the same time, the GEP accounting results for goods
and regulating services in the two cities were improved significantly, indicating that the
two cities were gradually moving away from a resource-dependent model of development.
Among the regulating services, these two cities contributed the largest increase in GEP
for climate regulation, indicating that they had made progress in improving the quality of
the ecosystem.
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4.2. Eco-Compensation Allocation
4.2.1. Non-Cooperative Game Based Allocation

From 2018 to 2020, the eco-compensation in the Tuojiang River Basin showed an
upward trend, with the compensation paid by the ECP increasing from CNY 2.183 billion
to CNY 2.543 billion, with a growth rate of 16.5%. The compensation received by the ECR
increased from CNY 2.587 billion to CNY 2.706 billion, with a growth rate of 4.6%.

The eco-compensation for each city during 2018–2020 is shown in Figure 7. Deyang City
was deemed as the ECP, and its compensation payment increased from CNY 1.172 billion
in 2018 to CNY 1.921 billion in 2020, with a growth rate of 63.9%. This may be due to
the continued growth of consumer demand and the expansion of resource-dependent
industries (e.g., the phosphorus-based chemical industry), which has a significant impact
on the watersheds [38]. Ziyang City and Meishan City shifted from the role of ECP
to the ECR, from payments of CNY 0.308 billion and CNY 0.501 billion to revenues of
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CNY 0.501 billion and CNY 0.060 billion, respectively. This may be attributed to closer
interconnections of ecosystem services among cities, driven by the policy of integrated
development of the “Chengdu-Deyang-Meishan-Ziyang” urban agglomeration. Chengdu
was the ECP in 2018, paying CNY 0.202 billion in eco-compensation; in 2019, it became the
ECR, receiving CNY 0.113 billion in eco-compensation; in 2020, it became the ECP again,
paying CNY 0.622 billion in eco-compensation. Chengdu, as a megacity in Western China,
has a large population and faces great challenges in terms of socio-economic development
and resource and environmental constraints [39]. From 2018 to 2020, Neijiang City, Zigong
City, and Luzhou City were regarded as the ECR, with total revenues of CNY 3.775 billion,
CNY 2.973 billion, and CNY 530 million, respectively. A possible reason is that Neijiang
City and Zigong City are dominated by tertiary industries, which contribute 48.96% and
45.20% of the GDP, respectively, and are characterized by low emissions and low resource
consumption. The liquor industry, as a pillar industry in Luzhou City, contributes 52.3% to
the GDP [40]. Its demand for water resource development is higher than that of Neijiang
City and Zigong City.
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4.2.2. Cooperative Game-Based Allocation

In the cooperative game, the eco-compensation increased slightly from 2018 to 2020,
shown in Figure 8. The compensation paid by the ECP increased from CNY 0.439 billion
to CNY 0.461 billion, with a growth rate of 5.0%. The compensation received by the
ECR increased from CNY 0.240 billion to CNY 0.362 billion, with a growth rate of 50.8%.
Among them, Deyang City was regarded as the ECP, and its compensation payment
increased from CNY 0.236 billion in 2018 to CNY 0.348 billion in 2020, with a growth rate
of 47%. Neijiang City, Zigong City, and Luzhou City were the ECR, and the compensation
received by these three cities increased by an average of 3% per year. Chengdu was the
ECP in 2018, paying CNY 0.041 billion in eco-compensation; in 2019, it became the ECR,
receiving CNY 0.013 billion in eco-compensation; in 2020, it became the ECP again, paying
CNY 0.113 billion in eco-compensation. Ziyang City and Meishan City were gradually
changed from ECP to ECR due to their increase in regulating services. In 2018, Ziyang
City and Meishan City spent CNY 0.062 billion and CNY 0.1 billion on eco-compensations,
respectively. However, these two cities received CNY 0.068 billion and CNY 0.0008 billion
in eco-compensations in 2020.
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4.3. Discussion

In the discussion section, we compared the differences in the allocation of eco-compensation
between the two game scenarios to derive the optimal compensation program. From 2018
to 2020, the ECR in the non-cooperative game received a larger share of GEP, with a
total of CNY 11.525 billion, more than those in the cooperative game. However, given
individual rationality, eco-compensation in the non-cooperative game must be borne by
each ECP separately, which makes it difficult to meet the actual demand. For example,
in 2019, Meishan had to spend CNY 0.492 billion on eco-compensation in addition to the
allocated GEP (See Figure 9). In such cases, local governments may face budget deficits
due to failure to transform the ecosystem services without financial intervention from the
central government. In contrast to the non-cooperative game, the ECP in the cooperative
game received more GEP revenue, an increase of CNY 5.786 billion over the three years.
In addition, the GEP allocated to the cities in the river basin is shown as positive from
2018 to 2020 in the cooperative game scenario. Under the cooperative game scenario, a
total of CNY 7.049 billion in eco-compensation funds were saved in three years. This
indicates that the allocation scheme better reflects the principle of watershed integrity
and that mutual benefits can be realized through close cooperation between the ECP and
the ECR. At the same time, the cooperative game reveals that the savings can be used to
strengthen watershed management and further improve ecosystem services. To ensure
the stability of the cooperative alliance, the central government should coordinate with
local governments in the basin to ensure that each player strictly follows allocation rules to
enhance environmental and economic benefits.

We also compared the eco-compensation under the two game scenarios with the
actual eco-compensation. From Figure 10, it can be seen that the compensations of both
games are larger than the actual compensations. In particular, the compensation under the
non-cooperative game scenario is much higher than the actual compensation. In 2018, eco-
compensation in the noncooperative and cooperative game scenarios was CNY 2.586 billion
and CNY 0.24 billion, respectively, but actual compensation was only CNY 0.047 billion.
In 2019, eco-compensation in the noncooperative and cooperative game scenarios was
CNY 2.668 billion and CNY 0.309 billion, respectively, but actual compensation was only
CNY 0.035 billion. This means that there is a large funding gap for actual ecological
compensation, regardless of which game-based compensation scheme is chosen.
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The cities within the Tuo River Basin vary in terms of economic development, popu-
lation size, and water resources. However, current eco-compensation policies are mainly
based on environmental performance indicators, such as water quality, water resource
quantity, sewage discharge, and so on, ignoring the economic and social services provided
by the watershed as an ecosystem [41]. This may further lead to a loss of fairness and
efficiency of eco-compensation [42]. In this study, the GEP allocation contributes to defining
the eco-compensation relationship in the watershed, which overcame the issue related
to subjectivity in determining ECS and ECR based on water quality and quantity. For
example, Chengdu is inherently recognized as an ECP under the classification criteria that
focus on water consumption [27]. However, according to the results of the non-cooperative
and cooperative games, Chengdu as an ECP should receive CNY 0.113 billion and CNY
0.013 billion in eco-compensation, respectively.

Based on the results, we provided the following policy implications: 1© In the for-
mulation of eco-compensation standards for watersheds, the heterogeneity of water re-
source carrying capacities and the socio-economic development should be fully taken
into account. 2© The ECP should improve water use efficiency and gradually transform
resource-intensive industries into low-carbon industries. The ECR can provide ecological
services trade on the premise of ensuring the security of ecosystem services, to promote
sustainable use of resources. 3© Coordination between upstream and downstream areas
is encouraged based on the criteria of equity and efficiency, to facilitate sustainable basin
development in the river basin.
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This study has some limitations: Firstly, it should be noted that due to the influence of
GEP accounting boundaries, accounting indicators, and data availability, it is necessary to
consider the establishment of a unified GEP accounting standard for watersheds, in order
to better identify the compensation relationship between multi-stakeholders. Secondly,
the game model simplifies the complex interactions among players in the allocation of
eco-compensation. For example, this study considers only the strictest form of alliance
in the cooperative game, which weakens the individual rationality of the alliance mem-
bers. In addition, there is a need to explore the environmental bottom line faced in GEP
transformation and to consider the correlation between GEP and environmental capacity
in future studies.

5. Conclusions

This study contributed to the construction of a cooperative game and a non-cooperative
game between the ECP and the ECR to select the optimal eco-compensation program. The
roles regarding the ECP and ECR were determined by the difference between the gross
ecosystem product (GEP) accounting results and the actual GEP outputs regarding a
watershed. Cooperative and non-cooperative game-based system dynamics models were
constructed separately for GEP allocation to investigate the change in strategic actions
between the ECP and ECR.

Taking the Tuojiang River Basin as a case example, the results showed that the GEP
increased from CNY 32.2 billion in 2018 to CNY 35.5 billion in 2020, with a growth rate of
10.2%. Of these, the regulating services contributed the most to the GEP, with a total of CNY
55.394 billion in the three years, accounting for 56.78%. Deyang City was played as the ECP,
and it had positive GEP differentials, with a cumulative difference of CNY 11.759 billion.
Neijiang City, Zigong City, and Luzhou City were played as the ECR, receiving revenues of
11.289 billion, 7.661 billion, and 1.497 billion, respectively. Chengdu City changed from the
ECP to the ECR and ultimately to the ECP, and its difference in GEP from 2018 to 2020 was
0.991 billion, −0.219 billion, and 1.477 billion, respectively. From 2018 to 2020, Ziyang City
and Meishan City changed from the ECP to the ECR, the former GEP differentials were
1.510 billion, 1.301 billion, and −1.137 billion, respectively, and the latter differentials were
2.457 billion, 2.133 billion, and −0.134 billion, respectively.

With regard to the eco-compensation allocation, the compensations increased for both
non-cooperative and cooperative games, with ECP payments and ECR revenues in the
former increasing by 16.5% and 4.6%, respectively; and in the latter increasing by 5.0% and
50.8%. However, a total of CNY 7.049 billion in eco-compensation funds was saved under
the cooperative game scenario, whilst the non-cooperative game generated no savings in
compensation. Although the cooperative game-driven allocation shows better economic
and environmental benefits, there is still a funding gap for actual eco-compensation. This
further calls for the improvement of the eco-compensation program.
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