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Abstract: Carbon offset policies are an effective means of coordinating regional ecological conserva-
tion, promoting environmentally friendly economic development, and achieving carbon neutrality;
they are being gradually implemented in all regions of China. This study analyzed the decision-
making behavior of local governments before and after the introduction of incentive and restraint
mechanisms. To this end, it constructed a dynamic evolutionary game model for local governments
with a carbon surplus and those with a carbon deficit. The results indicate that it is difficult to
implement carbon offset policies between regions without the intervention of the central government.
They also show that the effects of different incentive and restraint mechanisms vary significantly.
Specifically, a mechanism that targets both carbon surplus and carbon deficit local governments and
a unilateral mechanism that targets only carbon deficit local governments are shown to be effective.
Finally, the results indicate that the implementation costs of incentive and restraint mechanisms
differ, and their implementation intensity affects the time required for carbon offset policies to be
rolled out in all regions. Based on these findings, we propose policy recommendations for pro-
moting the implementation of carbon offset policies in all regions of China and alleviating carbon
emission pressure.

Keywords: carbon offset; local government; evolutionary game theory; incentives and restraints

1. Introduction

With the deepening of global environmental protection and sustainable development,
as well as the carbon neutrality targets proposed by many countries worldwide, low-carbon
green development has become an international development trend [1]. In September 2020,
at the United Nations General Assembly, Chinese President Xi Jinping announced that
China would aim to attain CO2 emissions peak before 2030 and achieve carbon neutrality
before 2060. However, there are disparities in the economic development levels, resource
endowments, energy consumption structures, industrial structures, and ecological pres-
sures of China’s regions [2]. This results in significant differences in their carbon emissions
and carbon sequestration capacity, which seriously threaten sustainable economic and
social development [3]. Carbon offsetting is an effective means of coordinating regional
environmental protection, promoting economic development, and achieving carbon neu-
trality; it has begun to be gradually implemented in various regions of China [4]. The
implementation of carbon offset policies will directly affect whether China can achieve
carbon emission targets and high-quality economic development.

Carbon offsetting essentially regards national carbon emission space as a scarce re-
source [5] and carbon sequestration capacity as a means of gain. By comparing the carbon
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emission reduction level of each region with its determined carbon emission threshold,
regions can be divided into carbon deficit and carbon surplus regions [6]. Regions with
carbon deficit compensate carbon surplus regions through financial payments or market
instruments to achieve the equitable and coordinated economic and ecological develop-
ment of each region [6,7]. China’s regions with carbon deficit are generally economically
developed regions with low carbon sequestration capacity and high carbon emission levels.
They often over-occupy the carbon emission space of the whole country in pursuit of rapid
economic development, resulting in the destruction of the overall ecological environment
of the country and the creation of negative externalities [8]. China’s carbon surplus regions
are often economically underdeveloped regions with better carbon sequestration capacity
and lower occupation of carbon emission space. If carbon surplus regions more actively
reduce their carbon emissions, then carbon deficit regions can enjoy free spillover positive
ecological externalities. However, carbon surplus regions would pay the cost of protecting
carbon sinks or giving up development opportunities [9,10]. It is the game dilemma of car-
bon surplus and carbon deficit regions regarding carbon emission reduction and ecological
conservation compensation that makes interregional ecological conservation deviate from
the optimal state.

How can carbon offset policies be effectively implemented by local governments in
China to achieve carbon emission reduction and high-quality economic development? This
paper will study this issue and creatively adopt an evolutionary game method to describe
and analyze the interest driving and interaction mechanism between local governments
in the implementation process of carbon compensation policy, explores the reasons why
carbon offset policies cannot be effectively implemented by local governments in China,
and further introduces three incentive and restraint mechanisms into the evolutionary
game model to analyze whether the three mechanisms can improve the implementation
effect of carbon offset policies, so as to provide policy advice to realize the coordinated
development of carbon emission reduction and regional economy.

2. Literature Review

Ecological compensation has recently become a hotspot. The existing research on
ecological compensation mainly used the analysis methods of game theory and empirical
research. The research of adopting game-theoretic methods focused on the interaction
mechanism among ecological compensation participants, while the research of adopting the
empirical methods focused on estimating the impact of different ecological compensation
variables on carbon emissions.

(1) Recent studies that have used game theory to analyze stakeholders involved in
carbon offsetting have mainly focused on the following three aspects: carbon offsetting
for natural resources, carbon offsetting for tourism, and carbon pollution transferring.
Research on carbon offsetting of natural resources has mainly focused on carbon offsetting
of resources such as watersheds, forestry, and minerals. Carbon offsetting in watersheds
is the most mature area of research due to the clear relationship between the benefits
and losses of upstream and downstream stakeholders. By constructing an evolutionary
game model of rewards and penalties of upstream and downstream governments, scholars
have determined the costs of rewards and penalties between different regions [11–14].
They have also studied the relationship between the cost of watershed environmental
protection and the intensity of implementing carbon offsetting and additional watershed
environmental protection benefits and the volume of carbon offsetting [11,15,16]. Forestry
carbon offsetting can be conducted either between the government, forestry enterprises,
and forestry consumers [17] or between the government of a protected area and that of
a beneficiary area [18,19]. By constructing a game model, it has been found that the gov-
ernment’s compensation method of “producer support” is likely to be ineffective in the
long run. However, the compensation method of “consumer support” effectively combines
institutional supply and market mechanisms, which is more likely to create equilibrium
in the long run. Additionally, it is easy to fall into the “prisoner’s dilemma” of forest
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ecological management without central government incentive and restraint mechanisms.
The optimal stable equilibrium strategy can be achieved by limiting the penalties and
rewards issued by the central government [20–22]. The relevant stakeholders of carbon
offsetting of mineral resources include the central government, local governments, cen-
tral enterprises, local enterprises, and rural residents [23,24]; two or three of them can be
selected to construct a game model. Studies have shown that, under government supervi-
sion, increasing subsidies to carbon offsetting enterprises can motivate them to conduct
carbon offsetting work [25–27]. Research on tourism carbon offsetting mainly includes
matrix games that revolve around the government, residents, and tourism enterprises to
analyze game behavior [28–30]. They effectively explored conditions for the formation
of a stable game equilibrium between two sides and proposed relevant suggestions for
carbon offsetting. In addition, some scholars use game theory to study carbon pollution
in different countries or regions. Nkuiya et al. used dynamic game method to study the
impact of carbon emission decisions in different countries on national welfare and found
that the threat of a possible jump in damages or catastrophe may induce a lower or larger
emission level and initial welfare due to multiple equilibria [31]. Dockner et al. studied
commodity trade and pollution emission of two countries by using dynamic game method
with incomplete information and analyzed the impact of different institutional arrange-
ments on the overall welfare of the two countries [32]. Other studies focus on international
trade, carbon emission transferring, and carbon emission allocation [33,34].

(2) Scholars using empirical research methods mainly estimate the impact of carbon
offset variables on carbon emissions. Haya et al. studied the influence of California’s
second-generation compliance compensation plan on carbon emissions and found that
carbon offsets may reduce total emissions by reducing compliance costs and increase the
uncertainty of whether the emission target was achieved [35]. Some scholars proposed
a life cycle emission accounting method to evaluate the impact of different carbon offset
projects on carbon emissions [36,37]. Calel et al. estimated the waste caused by subsidies
in the implementation of a carbon offset policy in India [38]. McAfee found that in the
best case, carbon offsets would not lead to a change in total emissions by estimating the
emissions of the US fossil fuel industry [39]. Some other scholars have studied the impact
of carbon emissions and net savings rate on economic growth [40,41].

In summary, we find that the existing studies of regional carbon offsetting using
game-theoretic methods mainly focused on watershed, forestry, and mineral carbon off-
setting, as well as tourism carbon offsetting. Few scholars have systematically studied
carbon offsetting between carbon surplus and carbon deficit regions from the perspective
of decision-making dynamics of local governments. Therefore, this study constructed an
evolutionary game model to analyze whether carbon offsetting policies could be imple-
mented effectively by local governments in China and help the Central Government of
China to construct incentive and restraint mechanisms to promote effective implementation
of carbon offsetting policies.

3. Evolutionary Game Analysis of Carbon Offset Policies
3.1. Methodology

Evolutionary game is a recent development of game theory. Originating in the field
of biology, it was first proposed by Maynard Smith et al. [42] when studying symmetric
population games; they claim the basic concept of evolutionary game is the evolutionarily
stable strategy (ESS). It abandons the assumption of complete rationality in classical game
theory, takes finite rationality as the premise, combines game theory analysis with dynamic
evolution process analysis, and puts the interaction between individuals into the back-
ground of evolution. Evolutionary game theory differs from classical game theory in that it
focuses on the dynamic adjustment process of the strategies by individuals with bounded
rationality in uncertain environments. It assumes that the participant is not a hyper-rational
individual with infinite reasoning ability, and unlike classical game, it does not see the
participant as capable of achieving the Nash equilibrium strategy through calculation and
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making choices accordingly. Rather, it is through the process of incessantly repeating the
game that the participant learns from the results, adjusts their strategies, and gradually
narrows their choices to a stable Nash equilibrium strategy [43]. Game participants with
bounded rationality adopt the replicator dynamic equation to adjust their strategies, and
the dynamic equation can be expressed as below [44].

F(xv) =
dxv

dt
= xv[E(xv)− E]

xv is the probability of a strategy being adopted by the game participant, E(xv) is the
expected benefit of adopting the v strategy, and E is the average benefit the participant
gains when adopting all possible strategies.

3.2. Game Model Construction for Carbon Offset Policies

The stakeholders of interregional carbon offsetting include the central government,
local governments at all levels, local residents, enterprises, and social organizations [45].
They all use available resources to maximize their own interests in the process of carbon
offsetting. To facilitate analysis, this study selected the central and local governments,
which have the greatest direct interests, as the game subjects. Local governments are
further divided into carbon deficit and carbon surplus local governments.

(1) Central government: In the carbon offsetting game, the central government’s
role is that of an organizer, coordinator, and arbitrator, whose aim is to guarantee the
fair, coordinated, and sustainable development of the economy and environment in each
region [46].

(2) Carbon surplus local governments: To reduce carbon emissions in their regions,
protect the ecological environment, and promote sustainable development, local govern-
ments with carbon surpluses may choose to invest in energy-saving and emission reduction
or carbon storage projects. To promote local economic development, they may also select
to utilize existing resources fully to develop their economy without investing in ecological
environmental conservation. Therefore, local governments with carbon surpluses can
choose between “conservation” and “no conservation” strategies to maximize the benefits
to their region’s economy and environment. Carbon surplus local governments that adopt
the conservation strategy will pay cost C, which represents the sum of the direct costs of
reducing carbon emissions and protecting the ecological environment, as well as the cost of
lost economic development opportunities. Additionally, carbon surplus local governments
who adopt a conservation strategy obtain benefits B from improving the local ecological
environment through energy conservation, reduced emissions, and carbon storage projects.
They may receive carbon offsetting compensation R from carbon deficit local governments.

(3) Carbon deficit local governments: These governments may compensate carbon sur-
plus governments for contributing to the carbon emission reduction of the whole country
and sequestering a large volume of carbon generated by their local economic development,
which reduces the impact on the environment. However, they may also consider it their
right to enjoy the ecological environment and choose not to compensate them. As such,
local governments with carbon deficits have two strategic options: compensation and no
compensation. Choosing the compensation strategy entails paying compensation costs
R. Further, the benefits to carbon deficit local governments are related to the strategies
of carbon surplus local governments. When carbon surplus local governments adopt the
“conservation” strategy, energy conservation, emission reduction, and carbon storage con-
servation projects of carbon surplus local governments that improve the overall ecological
environment allow carbon deficit regions to obtain benefits V.

The variables involved in the upstream and downstream government behavior models
and their meanings are shown in Table 1 below.
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Table 1. Variable definitions.

Player Parameter Description

Carbon Surplus Local Government B
Carbon surplus local governments

adopt “protection” strategies to gain
revenue

Carbon Surplus Local Government C
Carbon surplus local governments

adopt “protection” strategies to pay
the cost

Carbon Surplus Local Government
and Carbon Deficit Local

Government
V

Carbon surplus local governments
adopt “conservation” strategies to

benefit carbon deficit areas

Carbon Surplus Local Government
and Carbon Deficit Local

Government
R

Carbon deficit local governments pay
carbon compensation costs to carbon

surplus local governments

Carbon Surplus Local Government x
The proportion of carbon surplus

local governments adopting
“protection” strategy

Carbon Deficit Local Government y
The proportion of carbon deficit local
governments adopting “protection”

strategy

According to the above hypothesis, the benefit matrix of the game between carbon
surplus local governments and carbon deficit governments can be obtained, as shown
in Table 2. The benefits of carbon surplus local governments and carbon deficit local
governments adopting no conservation and no compensation strategies are (0, 0). This
strategy combination is used as the reference standard for the benefits of other strategy
combinations. Of the four strategy choices, the socially optimal strategy is for carbon
surplus local governments to choose conservation and for carbon deficit local governments
to choose compensation. The role of the central government is to guide local governments
to select the socially optimal strategy through macro-control.

Table 2. Local government carbon offset game benefit matrix.

Carbon Deficit Local Government

Compensation No Compensation

Carbon Surplus Local
Government

Conservation B + R − C, V − R B − C, V

No conservation R,−R 0, 0

3.3. Game Model Analysis of Carbon Offset Policy

It is assumed that the proportion of carbon surplus local governments that adopt
a conservation strategy is x(0 ≤ x ≤ 1), and that of those that adopt a no conservation
strategy is 1 − x. However, the proportion of carbon deficit local governments that adopt
a compensation strategy is y(0 ≤ y ≤ 1) and that of those that adopt a no compensation
strategy is 1 − y.

(1) Evolutionary game analysis of carbon surplus local governments: It is assumed that
the expected benefits of adopting conservation and no conservation strategies by carbon
surplus local governments and the average expected benefits of all carbon surplus local
governments are Us1, Us2, and Us, respectively, where

Us1 = y(B + R − C) + (1 − y)(B − C) = B − C + yR (1)

Us2 = yR (2)

Us = xUs1 + (1 − x)Us2 (3)
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According to evolutionary game theory assumptions, carbon surplus local govern-
ments adjust their strategies according to the replicator dynamics equation:

dx
dt

= x(Us1 − Us) = x(1 − x)(Us1 − Us2) = x(1 − x)(B − C) (4)

Let dx
dt = 0, when the carbon surplus local government stops adjusting its strategy to

reach equilibrium, then x∗1 = 0, x∗2 = 1.
The replicator dynamics equation shows that when B > C, x∗2 = 1 is the evolutionarily

stable equilibrium point of carbon surplus local governments. When the ecological benefits
gained by carbon surplus local governments from adopting the conservation strategy are
greater than the sum of their investment in carbon emission reduction and ecological
environmental conservation and the costs of lost economic development opportunities,
carbon surplus local governments will adopt the conservation strategy. When B < C,
x∗1 = 0 is the evolutionarily stable equilibrium point of carbon surplus local governments,
and all carbon surplus local governments will adopt the no conservation strategy. When
B = C, there is no difference between carbon surplus local governments adopting the
conservation strategy or the no conservation strategy.

(2) Evolutionary game analysis of carbon deficit local governments: It is assumed
that the expected benefits of adopting compensation and no compensation strategies by
carbon deficit local governments and the average expected benefits of all carbon deficit
local governments are Ud1, Ud2, and Ud, respectively, where

Ud1 = x(V − R) + (1 − x)(−R) = xV − R (5)

Us2 = xV (6)

Ud = yUd1 + (1 − y)Ud2 (7)

According to evolutionary game theory assumptions, carbon deficit local governments
adjust their strategies according to the replicator dynamics equation:

dy
dt

= y(Ud1 − Ud) = y(1 − y)(Ud1 − Ud2) = y(1 − y)(−R) (8)

Let dy
dt = 0, when the carbon deficit local government stops adjusting its strategy to

reach equilibrium, then y∗1 = 0, y∗2 = 1.
The replicator dynamics equation shows that all carbon deficit local governments will

adopt a no compensation strategy, as R > 0, y∗1 = 0 is the evolutionarily stable equilibrium
point for carbon deficit local governments.

Consequently, there are four equilibrium points in the game between carbon surplus
and carbon deficit local governments: (0, 0), (0, 1), (1, 0), and (1, 1). However, only (0, 0) and
(1, 0) may be stable equilibrium points—without central government intervention, no car-
bon deficit local governments will choose to compensate carbon surplus local governments.
Local governments cannot rely on themselves to implement the central government’s
carbon offset policy. Central government incentive and restraint mechanisms are required
to ensure the implementation of the carbon offset policy.

3.4. Game Analysis of Carbon Offset with the Introduction of Incentive and Restraint Mechanisms

According to the evolutionary game analysis of carbon surplus and carbon deficit
local governments provided above, without the intervention of the central government, no
compensation is the evolutionarily stable strategy of carbon deficit local governments, and
the socially optimal goal (conservation and compensation) cannot be achieved. The central
government must establish incentive and restraint mechanisms to guide local government
strategies to converge to the socially optimal goal. The central government can construct
the following three types of incentives and restraints to guide local government behavior
toward the socially optimal goal.
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1. The incentive and restraint mechanism for carbon surplus local governments: When
a carbon surplus local government conducts ecological conservation, the central
government gives a reward P; otherwise, a penalty Q is given. This study terms this
Incentive and Restraint Mechanism 1.

2. The incentive and restraint mechanism for carbon deficit surplus local governments:
When carbon deficit local governments compensate carbon surplus local governments,
the central government gives a reward P; otherwise, a penalty Q is given. This study
terms this as Incentive and Restraint Mechanism 2.

3. The incentive and restraint mechanism for carbon surplus and carbon deficit local
governments: This is when carbon surplus local governments conduct ecological con-
servation, carbon deficit local governments compensate them, the central government
gives both sides a reward P but imposes a penalty F if one of the two governments
does not fulfill its corresponding obligations, and the size of penalty given to both
sides is Q. This study terms this Incentive and Restraint Mechanism 3.

3.4.1. Game Analysis of Carbon Offsetting under Incentive and Restraint Mechanism 1

Constructing the local government carbon offsetting game model according to Incen-
tive and Restraint Mechanism 1, the benefit matrix of the carbon surplus and carbon deficit
local governments game can be obtained, as shown in Table 3, where

Us1 = y(B + R − C + P) + (1 − y)(B − C + P) = B + P − C + yR (9)

Us2 = y(R − Q) + (1 − y)(−Q) = yR − Q (10)

Table 3. Benefit matrix of the local government carbon offset game under Incentive and Restraint
Mechanism 1.

Carbon Deficit Local Government

Compensation No Compensation

Carbon Surplus Local
Government

Conservation B + R − C + P, V − R B − C + P, V

No conservation R − Q,−R −Q, 0

The replicator dynamics of a strategy adjustment by carbon surplus local governments
are

dx
dt

= x(1 − x)(Us1 − Us2) = x(1 − x)(B + P + Q − C) (11)

When dx
dt = 0, that is, carbon surplus local governments stop strategy adjustment to

reach equilibrium, then x∗1 = 0, x∗2 = 1. When B + P + Q > C, x∗2 = 1 is the evolutionarily
stable strategy of carbon surplus local governments; otherwise, x∗1 = 0 is the evolutionarily
stable strategy of carbon surplus local governments.

Similarly, the replicator dynamics of a strategy adjustment by carbon deficit local
governments remains the same: dy

dt = y(Ud1 −Ud) = y(1− y)(Ud1 −Ud2) = y(1− y)(−R).
Subsequently, y∗1 = 0 is the evolutionarily stable equilibrium point of carbon deficit local
governments.

Therefore, according to the above analysis, the incentive and restraint mechanism
for carbon surplus local governments only affects their equilibrium strategy. Adjusting
the reward and penalties can encourage them to promote carbon emission reduction or
strengthen carbon storage projects. Furthermore, the rewards and penalties can replace
each other to achieve the same results. However, they cannot change the behavior of carbon
deficit local governments, and the “no compensation” strategy is still the evolutionarily
stable strategy of carbon deficit local governments. Therefore, the incentive and restraint
mechanism that only targets carbon surplus local governments does not work effectively.
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3.4.2. Game Analysis of Carbon Offsetting under Incentive and Restraint Mechanism 2

Constructing the local government carbon offsetting game model according to Incen-
tive and Restraint Mechanism 2, the benefit matrix of the carbon surplus and carbon deficit
local governments game can be obtained, as shown in Table 4. The replicator dynamics of
the carbon surplus local governments strategy adjustment remains the same:

dx
dt

= x(Us1 − Us) = x(1 − x)(Us1 − Us2) = x(1 − x)(B − C) (12)

Table 4. Benefit matrix of the local government carbon offset game under Incentive and Restraint
Mechanism 2.

Carbon Deficit Local Government

Compensation No Compensation

Carbon Surplus Local
Government

Conservation B + R − C, V − R + P B − C, V − Q

No conservation R,−R + P 0,−Q

When dx
dt = 0, that is, the carbon surplus local government stops strategy adjustment

to reach equilibrium, then x∗1 = 0, x∗2 = 1, When B > C, x∗2 = 1 is the evolutionarily stable
equilibrium point of carbon surplus local governments.

The expected benefits of adopting compensation and no compensation for carbon
deficit local governments are

Ud1 = x(V − R + P) + (1 − x)(−R + P) = xV − R + P (13)

Us2 = xV − Q (14)

The replicator dynamics of strategy adjustment then becomes

dy
dt

= y(1 − y)(P + Q − R). (15)

Let dy
dt = 0, that is, the carbon deficit local government stops strategy adjustment to

reach equilibrium, then y∗1 = 0, y∗2 = 1.
When P + Q > R, y∗2 = 1 is the stable equilibrium strategy—when the sum of

rewards and penalties from the central government to carbon deficit local governments is
greater than the compensation paid to carbon surplus local governments, carbon deficit
local government choose the compensation strategy as the evolutionarily stable strategy.
Otherwise, the no compensation strategy is the evolutionarily stable strategy for carbon
deficit local governments.

According to the above analysis, the restraint and incentive mechanism for carbon
deficit local governments only affects their equilibrium strategy. When the conservation
benefit to carbon surplus local governments is greater than the cost, the restraint and
incentive mechanism for carbon deficit local governments can have better role results.
Adjusting the rewards and penalties can encourage carbon deficit local governments to
compensate carbon surplus local governments and help carbon surplus local governments
choose the conservation strategy.

3.4.3. Game Analysis of Carbon Offsetting under Incentive and Restraint Mechanism 3

Constructing the local government carbon offsetting game model according to Incen-
tive and Restraint Mechanism 3, the benefit matrix of the game between the carbon surplus
and the carbon deficit local governments can be obtained, as shown in Table 5.
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Table 5. Benefit matrix of the local government carbon offset game under Incentive and Restraint
Mechanism 3.

Carbon Deficit Local Government

Compensation No Compensation

Carbon Surplus Local
Government

Conservation B + R + P − C, V +
P − R B − C + P, V − F

No conservation R − F,−R + P −Q,−Q

The replicator dynamics equations for strategy adjustments by carbon surplus local
governments and carbon deficit local governments, respectively, are

dx
dt

= x(1 − x)[y(F − Q) + P + Q + B − C] (16)

dy
dt

= y(1 − y)[x(F − Q) + P + Q − R]. (17)

Let dx
dt = 0, dy

dt = 0 can give x∗1 = 0. x∗2 = 1, y∗3 = b = P+Q+B−C
F−Q , y∗1 = 0, y∗2 = 1,

x∗3 = a = P+Q−R
F−Q . If 0 ≤ a ≤ 1, 0 ≤ b ≤ 1, then there are five equilibria in the evolutionary

game between carbon surplus and carbon deficit local governments: (0, 0), (0, 1), (1, 0),
(1, 1), (a, b).

Let F(x) = dx
dt and G(y) = dy

dt . We use the Jacobian matrix to analyze the stability of
each local equilibrium point of this two-dimensional dynamical system:

J =

 ∂F(x)
∂x

∂F(x)
∂y

∂G(y)
∂x

∂G(y)
∂y

 =

[
c11 c12
c21 c22

]
(18)

The stable equilibrium point of the replicator dynamics equation satisfies the following
two conditions.

(1) tr(J) = c11 + c22 < 0.
(2) det(J) = c11c22 − c12c21 > 0.

Table 6 was obtained from the Jacobian matrix of the replicator dynamics equation.

Table 6. Jacobian matrix of equilibrium points.

Equilibrium Point c11 c12 c21 c22

(0, 0) P + Q + B − C 0 0 P + Q − R

(0, 1) F + P + B − C 0 0 −(P + Q − R)

(1, 0) −(P + Q + B − C) 0 0 P + F − R

(1, 1) −(F + P + B − C) 0 0 −(P + F − R)

(x∗3 , y∗3) 0 c∗12 c∗21 0

The stability of the equilibrium points can be judged from the Jacobian matrix as
follows.

(1) When F + P + B − C > 0, P + F − R > 0, P + Q + B − C > 0, and P + Q − R > 0,
(1, 1) is the only stable equilibrium point. The phase diagram of the dynamic evolution of
carbon surplus and carbon deficit local governments is shown in Figure 1a. That is, the
central government’s incentives and penalties for carbon surplus and carbon deficit local
governments’ behavioral strategies are sufficiently strong to compensate for the net costs of
compensation and conservation in any case, and local governments’ behavior will converge
to the social optimum, ensuring that the central government’s carbon offset policy can be
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effectively implemented. However, larger rewards and penalties require not only greater
financial support from the central government, but also more administration costs in the
process of implementing the rewards and penalties.
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P + F − R > 0, P + Q + B − C > 0, and P + Q − R > 0; (b) F + P + B − C > 0, P + F − R > 0,
P + Q + B − C < 0, and P + Q − R < 0; (c) F + P + B − C < 0, P + F − R < 0, P + Q + B − C < 0,
and P + Q − R < 0; (d) F + P + B − C < 0, P + Q − R > 0, P + Q + B − C > 0, and P + Q − R < 0.

(2) When F + P + B − C > 0, P + F − R > 0, P + Q + B − C < 0, and P + Q − R < 0,
both (0, 0) and (1, 1) are stable equilibrium points, and (x∗3 , y∗3) are saddle points. The phase
diagram of the dynamic evolution of carbon surplus and carbon deficit local governments
are shown in Figure 1b. That is, there is no guarantee that the (1, 1) state will definitely be
realized, and according to the phase diagram of the dynamic evolution of carbon surplus
local governments and carbon deficit local governments (Figure 1b), it is known that the
probability of convergence to the equilibrium state (1, 1) is PB = SABCH , whereby the larger
the area of ABCH, the higher the probability of convergence to the (1, 1) state, and the more
effectively the carbon offset policy can be implemented. The area of ABCH is related to the
saddle point H. When point H converges to (0, 0), its area is larger, and the coordinates of
point H are ( R−(P+Q)

Q−F , C−(P+Q+B)
Q−F ); therefore, when P + Q is larger, point H will converge

to the origin (0, 0). This indicates that the greater the rewards and penalties from the central
government, the higher the probability that the local government game will converge to
(1, 1), and the more effectively carbon offset policies can be implemented.
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(3) When F + P + B − C < 0, P + F − R < 0, P + Q + B − C < 0, and P + Q − R < 0,
(0, 0) is the only stable equilibrium point. The phase diagram of the dynamic evolution of
carbon surplus and carbon deficit local governments is shown in Figure 1c.

(4) When F + P + B − C < 0, P + Q − R > 0, P + Q + B − C > 0, and P + Q − R < 0,
(0, 1) and (1, 0) are stable equilibrium points, and (x∗3 , y∗3) are saddle points. The phase
diagram of the dynamic evolution of carbon surplus and carbon deficit local governments
is shown in Figure 1d.

The above discussion states that under Incentive and Restraint Mechanism 3, the
central government’s rewards and penalties for both carbon surplus and carbon deficit
local governments have a greater impact on both parties’ decisions. Only when certain
conditions are met can local governments’ decisions be driven closer to the socially optimal
goal.

4. Discussion

The goal of the central government is to converge the behavioral decisions of carbon
surplus and carbon deficit local governments toward the equilibrium point (1, 1)—the
conservation and compensation state—by means of incentive and restraint mechanisms that
adjust the reward and penalty parameters P, Q, and F. According to the stable equilibrium
point of the evolutionary game between local governments, it is known that different
incentive and restraint mechanisms have different effects. The size of the parameters of the
same mechanism determines the speed of convergence of local governments to the target
equilibrium state. This section further discusses the effect of different mechanisms and the
effect of the size of the reward and penalty parameter values on the speed of convergence
based on the above game analysis.

4.1. Effectiveness of Different Incentives and Restraints Mechanisms

To guide the local government game to converge toward the social optimum and
enable local governments to implement carbon offset policies, this study considers the
construction of three types of incentive and restraint mechanisms, which are designed
and implemented by the central government: an incentive and restraint mechanism for
carbon surplus local governments, an incentive and restraint mechanism for carbon deficit
local governments, and an incentive and restraint mechanism for both carbon surplus and
carbon deficit local governments. Analysis of the equilibrium state of the evolutionary
game between local governments shows the following.

(1) The incentive and restraint mechanism for carbon surplus local governments
only affects the equilibrium strategy of the carbon surplus local governments. When
P + Q > C − B, the sum of incentives and penalties of the central government’s strategy
for carbon surplus local governments is greater than the net cost of conservation, which can
promote a reduction in carbon emissions or stronger carbon storage projects among carbon
surplus local governments, and incentive and penalty policies are interchangeable and will
achieve the same results. However, it does not change the behavior of carbon deficit local
governments, and the no compensation strategy is still an evolutionarily stable strategy
for them. Therefore, an incentive and restraint mechanism only for carbon surplus local
governments does not effectively promote the implementation of carbon offset policies
among all local governments.

(2) The incentive and restraint mechanism for carbon deficit local governments only
affect the equilibrium strategy of the carbon deficit local governments. When the benefits
of conservation for carbon surplus local governments are greater than the costs, incentives
and restraints are more effective, and carbon surplus local governments will spontaneously
choose the conservation strategy. Therefore, as long as P + Q > R, the sum of incentives
and penalties from the central government to carbon deficit local governments is greater
than the compensation to carbon surplus local governments, and carbon deficit local
governments will select the compensation strategy as an evolutionarily stable strategy,
thereby achieving the socially desirable outcome. Therefore, the central government can
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promote the implementation of carbon offset policies at a lower cost when the benefits of
conservation for carbon surplus local governments outweigh the costs.

(3) Incentives and restraints for both carbon surplus local governments and carbon
deficit local governments have a large impact on the equilibrium state of the local govern-
ment game. By adjusting the parameters, the behavioral strategies of local governments
can be made to converge to any state. To ensure that the carbon offset policy can be
implemented and let the state of local governments converge to the conservation and
compensation state, the incentive and restraint mechanism of the central government must
satisfy the following condition: F + P + B − C > 0, P + F − R > 0. That is, the sum
of the central government’s rewards for carbon surplus local governments adopting a
conservation strategy and the penalties for adopting a no conservation strategy must not
only be greater than the net cost of conservation, but the sum of rewards for carbon deficit
local governments adopting a compensation strategy, and the penalties for adopting a no
compensation strategy should be greater than the compensation for carbon surplus local
governments.

4.2. Effect of Different Incentive and Restraint Parameters on the Speed of Convergence of the
Evolutionary Game

The central government’s rewards and penalties for local governments can induce the
local government game to converge to the conservation and compensation strategy and
affect the speed of convergence to that equilibrium. Below the examples of Incentive and
Restraint Mechanism 2 and Incentive and Restraint Mechanism 3 are employed to illustrate
the effect of different reward and penalty parameters on the speed of convergence of the
evolutionary game.

(1) The effect of parameters on the speed of convergence of the evolutionary game
under Incentive and Restraint Mechanism 2:

According to the evolutionary game analysis of local governments under Incentive
and Restrain Mechanism 2 in Section 3, it is known that when B > C, P + Q > R, (1, 1) is
the stable equilibrium point of the evolutionary game of carbon surplus local governments
and carbon deficit local governments. The replicator dynamics equations for strategic
adjustments of carbon surplus local governments and carbon deficit local governments are
assigned according to the conditions dx

dt = x(1 − x)(B − C) and dy
dt = y(1 − y)(P + Q − R),

and they were simulated numerically using MATLAB.
First, we considered the simulation of the local government evolutionary game in the

absence of central government intervention. Let B = 0.6, C = 0.1, R = 0.6, and let the
initial x0 = 0.2, y0 = 0.2. The numerical simulation of the local government evolutionary
game using MATLAB yielded Figure 2, which shows that carbon deficit local governments
will not consciously implement carbon offset policies in the absence of central government
intervention.

When the central government’s Incentive and Restraint Mechanism 2 is introduced,
and it satisfies the condition P + Q > R, let P + Q = 1.2, 1.4, 1.6, 1.8 obtain the digital sim-
ulation diagrams Figure 3, respectively. The figures show that as the central government’s
rewards to carbon deficit local governments increase, carbon deficit local governments
converge to the “compensation” strategy more quickly, while the time taken for carbon
surplus local governments to converge to the conservation strategy remains unchanged.
This means that the incentive and restraint mechanism targeted at carbon deficit local
governments has no effect on the behavioral decisions of carbon surplus local governments.
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(2) The effect of parameters on the speed of convergence of the evolutionary game
under Incentive and Restraint Mechanism 3:

According to the evolutionary game analysis of local governments under Incentive
and Restraint Mechanism 3 in Section 3, it is clear that (1, 1) is the only stable equilibrium
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point when F + P + B − C > 0, P + F − R > 0, P + Q + B − C > 0, and P + Q − R > 0.
The replicator dynamics equations for strategic adjustments by carbon surplus and carbon
deficit local governments are assigned according to this condition:

dx
dt

= x(1 − x)[y(F − Q) + P + Q + B − C] (19)

dy
dt

= y(1 − y)[x(F − Q) + P + Q − R] (20)

Let x0 = 0.2, y0 = 0.2, B = 0.6, C = 0.1, R = 0.6, F − Q = 0.5, and let
P + Q = 1.2, 1.4, 1.6, 1.8 obtain the numerical simulations of Figure 4a–d, respectively.
The figures show that as the central government increases rewards and penalties for carbon
surplus local governments and carbon deficit local governments, carbon surplus and carbon
deficit local governments converge to the conservation and compensation strategy at a
faster rate.
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In summary, an incentive and restraint mechanism for both carbon surplus and
carbon deficit local governments is the most effective way to promote the socially optimal
behavior of local governments and ensure the effective implementation of carbon offset
policies. Moreover, the time required to ensure the effective implementation of carbon
offset policies in all regions is shorter as the incentives and penalties imposed by the central
government become stronger. Although stronger rewards and penalties imposed by the
central government and a wider range of targets ensures more effective implementation
of carbon offset policies, these conditions create a greater financial burden and higher
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implementation costs. Therefore, in the implementation of carbon offset policies, there is
still a trade-off between the effectiveness and cost of policy implementation. The existing
studies on carbon compensation policies believe that it is difficult to ensure the effective
implementation of carbon compensation policies by the initiative of local governments
themselves, and it is necessary to rely on a unified big government organization or the
coordination and management of the central government to motivate local governments to
implement the compensation policies [47–49]. However, they did not study the effects of
different incentives, and the costs of implementing them in detail.

5. Conclusions and Policy Implications
5.1. Implications for Research

With low carbon development becoming an international development trend, China is
facing increased pressure to reduce carbon emissions due to its massive economic volume
and need for further development. Carbon emissions and sequestration vary significantly
among regions, thus China is promoting transactions between carbon surplus areas and
carbon deficit areas through carbon offset policies to achieve the dual aims of reducing
emissions and encouraging economic development. The temptation for carbon surplus
areas to benefit at the expense of carbon deficit regions can make it difficult to implement
carbon offsetting policies spontaneously. In this paper, we analyzed the effect of carbon
offset policies by constructing an evolutionary game model including carbon surplus and
carbon deficit local governments. We found the following:

(1) In the absence of central government intervention, it is difficult to implement
carbon offset policies among local governments, and it is necessary to rely on the central
government to establish an incentive and restraint mechanism to make it possible for
carbon offset policies to be implemented by local governments. The effects of different
incentives and restraints differ greatly: The incentive and restraint mechanism that targets
carbon surplus local governments has an impact only on the behavior of carbon surplus
local governments, and it cannot motivate carbon deficit local governments to compensate
carbon surplus local governments. The incentive and restraint mechanism that targets
carbon deficit local governments has an impact only on the equilibrium strategy of carbon
deficit local governments, and when the conservation benefits to carbon surplus local
governments are greater than the costs, the incentive and restraint mechanism is more
effective. The incentive and restraint mechanism that targets both carbon surplus and
carbon deficit local governments has a greater influence on the behavior of both, and it can
effectively promote the implementation of carbon emission policies.

(2) There are alternative effects of central government rewards and penalties on the
behavior of local governments, and the same effect on the behavior of local governments is
achieved by decreasing rewards and increasing penalties or increasing rewards and decreas-
ing penalties. Nevertheless, different rewards and penalties have different implementation
costs. Penalties can increase the central government’s fiscal revenue, while rewards con-
sume fiscal revenue. The different incentive and restraint mechanisms also have different
implementation costs. The incentive and restraint mechanism that targets carbon deficit
local governments is not as effective as the mechanism for both carbon surplus and carbon
deficit local governments, but its implementation costs are lower. Thus, it requires less
financial support from the central government. Further, as central government rewards
and penalties increase, the time needed to ensure carbon offset policies are replicated in all
regions is shortened.

5.2. Policy Implications

Based on the above findings, the following recommendations are made to promote
the effective implementation of carbon offset policies in all regions of China, alleviate the
pressure on carbon emissions, and achieve the dual objectives of economic development
and environmental protection.
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(1) We recommend establishing a diversified carbon offsetting mechanism based on
central government compensation and supplemented by local government and market
compensation. Under this scenario, the central government compensates carbon surplus
local governments through financial incentives and policy support of an incentive and
restraint mechanism. Local governments provide compensation in the forms of financial
compensation, technical support, and project cooperation according to the principle of
“whoever benefits pays”. Further, market-based compensation is used as a useful supple-
ment to the compensation of the central government and local governments, mainly to
establish a carbon emission trading system, with interregional carbon offsetting through
regional carbon storage trading. Additionally, various private organizations, enterprises,
and individuals could be encouraged to participate in carbon offsetting by purchasing
carbon storage from the China Green Carbon Foundation or making donations.

(2) We recommend exploring the formulation of a scientific and reasonable carbon
offsetting standards. The formulation of compensation standards should consider local
economic development, the income of residents, price levels, and the costs of reducing
carbon emissions and protecting the ecological environment borne by the compensation
entity. It is necessary to avoid low compensation standards and carbon surplus local
governments lacking enthusiasm for ecological conservation as well as to avoid a one-size-
fits-all compensation standard that ignores the ability of localities or their willingness to
pay compensation. It is necessary to build a two-way coordination mechanism for carbon
offsetting between regions and to comprehensively coordinate the bilateral interests of the
parties paying and receiving compensation, to achieve coordinated regional economic and
ecological development.

6. Limitations and Further Research

This paper adopts evolutionary game method to describe and analyze the interest
driving and interaction mechanism among local governments in the implementation pro-
cess of carbon compensation policy, explores the reasons why carbon offset policies cannot
be effectively implemented by local governments in China, and further introduces three
incentive and restraint mechanisms into the evolutionary game model to analyze whether
the three mechanisms can improve the implementation effect of carbon offset policies.
However, there are still the following two shortcomings: (1) Evolutionary game meth-
ods are more used to describe the mutual influence mechanism of different stakeholders’
decision-making. Therefore, empirical models are needed to further verify the research
conclusions of this paper. (2) The relationship between regional economic development
and carbon offset is not included in the evolutionary game model of local governments.
According to relevant studies [50], environmental Kuznets curve phenomenon shows the
mutual impact of economic development and environmental quality, and considering the
relationship between regional economic development and carbon compensation in the
evolutionary game model becomes the direction of further research in the future.
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