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can promote the ecological value realization of blue carbon in marine ranching. Based on the blue
carbon ecological value realization model of marine ranching enterprises, blue carbon demand
enterprises, blue carbon trading platforms and government, this paper explores the cooperative
governance strategy of marine ranching for each subject using cooperative game and non-
cooperative game models. Further, we conduct a comparative analysis to arrive at the optimal
strategy. The conclusions are as follows. Multi-agent cooperation is more conducive to the
ecological value realization of blue carbon in marine ranching. Compared with non-cooperative
governance, the platform’s commission and blue carbon price are lower, and the blue carbon
output, profit of each market subject, government utility and overall profit are higher in coop-
erative governance. The strengths of this paper lie in 2 aspects. First, we focuses on the ecological
value of blue carbon in marine ranching instead of economic value, providing a new theoretical
basis for ecological compensation in marine ranching. Second, we construct a government-led and
market-oriented operation of marine ranching’s blue carbon ecological value realization mech-
anism, incorporating blue carbon trading platform and government into the value realization
model.

1. Introduction

Blue carbon generated from marine ranching has significant economic and ecological value [1,2]. Conducting blue carbon
ecological value realization of marine ranching can not only increase the added value of marine ranching enterprises, but also
contribute to protecting the blue carbon ecosystem and promoting carbon neutrality goals [3]. Currently, China’s blue carbon
ecological value realization is in the critical period of moving from the pilot and pre-construction stage to deepening promotion [4].
From the pre-construction and development perspective, there are still many shortcomings, and it is urgent to open and improve the
critical link to realize the equity value of various ecological resources [5]. In 2021, China announced the Opinions on Establishing a
Sound Mechanism for Realizing the Value of Ecological Products, requiring provinces to explore mechanisms and paths for establishing the
value of ecological products. To this end, various provinces have proposed blue carbon first programs or built blue carbon trading
market. However, China’s blue carbon ecological value multi-agent cooperation model has not yet to be established [6], the blue
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carbon market is not active, and there are problems such as lack of development experience, weak development willingness and
concern about market recognition [7]. Theoretically, in the ecological value realization of blue carbon, all subjects have the basis and
prospect of cooperation [8]. On the one hand, the ecological value realization of blue carbon in marine ranching is not a zero-sum game
[9]. As profit-oriented organizations, marine ranching enterprises and blue carbon demand enterprises can always expect that
cooperation will lead to more benefits for themselves, and there is the possibility of synergistic development and mutual benefits [10].
On the other hand, driven by the goal of carbon neutrality, the government and trading platforms are more motivated to promote the
realization of the value of ecological products [11]. Therefore, all participants have the possibility to work together and form a grand
alliance. Then, can the multi-agent cooperation promote the realization of blue carbon ecological value? This is the central question to
be explored in this paper.

Accordingly, this paper aims to verify whether multi-agent cooperation can promote the ecological value realization of blue carbon
in marine ranching. Based on the value realization path of ecological products that are government-led, participated by enterprises and
the community, market-oriented operation and sustainable, this paper constructs the blue carbon ecological value model of marine
ranching enterprises, blue carbon demand enterprises, blue carbon trading platform and government, analyze the optimal blue carbon
governance strategies and equilibrium benefits of each subject using the non-cooperative game and cooperative game under the blue
carbon ecological value realization mode. Then draws a comparison between the strengths and weaknesses of non-cooperative
governance and cooperative governance models for blue carbon in marine ranching. The findings can contribute to guidance and
instructions for realizing blue carbon ecological value in marine ranching.

The contributions of this study are as follows. First, this paper focuses on the ecological value of blue carbon in marine ranching
instead of economic value, providing a new theoretical basis for ecological compensation. Second, integrates blue carbon trading
platform and government into the blue carbon ecological value realization model, making it more consistent with the government-led
and market-oriented operation of the blue carbon ecological value realization mechanism. Thirdly, draws a comparison between the
strengths and weaknesses of non-cooperative and cooperative governance models for the realization of blue carbon ecological value,
and argues the necessity of cooperative governance of blue carbon with multiple subjects.

2. Literature review
2.1. Blue carbon in marine ranching

Marine ranching is different from traditional fishing and aquaculture, and it aims to create a three-dimensional, multi-level natural
ecological space through the organic integration of various industries and the use of environmental engineering, biological control of
resources, production support and other technologies. It is a marine economic complex that “grazes” in marine waters, islands and
specific areas of the mainland coastal zone [12,13]. Marine ranching can solve the problems of improper utilization of marine re-
sources, overfishing, and seawater pollution faced by mariculture [14], and is a critical way to protect the ecological environment of
nearshore waters and efficiently produce marine fishery resources [15]. Marine ranching provides essential ecological and economic
functions, but at the same time, there are various real problems and risks. For example, microplastics were present in 37.6% of fish in
the marine ranching of the Maan Islands [16], generating a series of environmental risks and fish safety risks.

In recent years, One aspect of marine ranching that is gaining attention is the role of blue carbon in ecosystems. Blue carbon refers
to the carbon stored in coastal and marine ecosystems, such as seagrasses, mangroves, and salt marshes [17]. Studies have explored the
current state of knowledge on blue carbon in marine ranching and its implications for climate change mitigation and adaptation.
Seagrasses, mangroves, and salt marshes are all important components of marine ranching ecosystems [18]. These ecosystems are
known to be highly productive and support a diverse range of species. They also play a crucial role in carbon sequestration and storage
[19]. Seagrasses, for example, are known to sequester carbon at rates up to 35 times higher than terrestrial forests. Mangroves and salt
marshes are also highly effective at capturing and storing carbon [20]. These ecosystems are therefore important tools for mitigating
climate change. In addition to their role in carbon sequestration, seagrasses, mangroves, and salt marshes provide a range of ecosystem
services that are important for marine ranching. Seagrasses, for example, provide habitat for a range of fish and invertebrate species,
while mangroves and salt marshes provide important nursery habitats for fish and other aquatic organisms [21]. These habitats also
provide protection from storms and erosion, which is important for coastal communities [22].

The role of blue carbon in marine ranching has important implications for climate change mitigation and adaptation. By enhancing
and restoring seagrass beds, mangroves, and salt marshes, we can increase carbon sequestration and storage in these ecosystems,
thereby reducing the amount of carbon dioxide in the atmosphere [23]. In addition to their role in mitigating climate change, these
ecosystems also provide important adaptation benefits [24]. By restoring and enhancing these habitats, we can increase the resilience
of coastal communities to the impacts of climate change, such as sea level rise and storm surges. This is particularly important in areas
where traditional coastal protection measures, such as sea walls, are not feasible or effective [25].

2.2. Ecological value realization of blue carbon

Blue carbon ecological value realization urgently needs to build a multi-agent cooperation model and realization path led by the
government, market operation and social participation. The essence of realizing the value of ecological products is to monetize
ecological elements or make ecological benefits visible.

On the one hand, the key to market operation is to establish a blue carbon trading platform. Carbon trading market is an essential
environmental policy tool to reduce carbon emissions and realize the value of ecological products [26]. Scholars have conducted
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numerous studies on the effects of carbon trading [27,28]. First, regarding the economic effects of carbon trading, carbon trading can
significantly improve energy efficiency [29]. Second, regarding the ecological impact of carbon trading, carbon trading promotes
carbon emission reduction in the region and reduces carbon emissions in the surrounding areas [30]. Third, regarding the ecological
economy of carbon trading, carbon trading reduces carbon emissions and carbon intensity [31], but inhibits green technological
innovation [32]. In fact, it is more important to focus on the construction of the carbon trading market, such as the auction ratio of
carbon emission allowances [33], and the carbon trading price [34], than on the impact of carbon trading. Wang et al. [35] validated
an effective market for carbon trading in China.

On the other hand, the key to government-led is to mobilize various market players to participate in blue carbon governance with
subsidies. Government subsidies are commonly used as incentives, including green technology investment subsidies and carbon
emission reduction subsidies [36]. The study shows that government subsidies have an incentive effect and can significantly promote
green technology innovation among Chinese firms [37]. A great deal of research has also been conducted on government carbon
emission reduction subsidies. Wang et al. analyzed the supply chain carbon reduction decision under government subsidies [38].
Valkengoed and Werff [39] verified the role of Dutch government subsidies in promoting the development of new energy vehicles. Ma
et al. [40] examined the effect of government subsidies on participants’ performance in the presence of asymmetric information on
carbon emission reduction. Some scholars have also found that carbon reduction subsidies for gasoline vehicles are more effective than
cost subsidies for new energy vehicles when the initial carbon emissions are low, and the reduction efficiency is high [41]. Carbon
trading subsidies have a better carbon reduction effect than purchase subsidies [42]. Of course, there are preconditions for government
subsidies to promote carbon emission reduction. Li et al. [36] pointed out that the range of green investment costs, the reduction rate of
green technology and carbon emission intensity play a moderating role in the carbon reduction effect of government subsidies.

2.3. Multi-agent cooperative governance of blue carbon based on game theory

Cooperative game means that the interests of all game subjects increase, or the interests of at least one of them increases, while the
interests of other subjects do not decrease [43]. The cooperative game is particularly evident in the multi-actor collaborative
governance of environmental problems. Asghari et al. considered the environmental responsibility of supply chain members to
improve the environmental impact of products and services through a cooperative game of green manufacturers, retailers and con-
sumers [44]. Zhang et al. used the Cobb-Douglas function with the Shapley value method to study the feasibility of cooperative marine
plastic litter governance in the Northwest Pacific. The results show that any country joining the triple alliance would create more
excellent value and receive higher benefits. For China, Japan, and South Korea, the co-management to the Northwest Pacific Ocean of
marine plastics is a win-win situation [45]. Some studies also showed that the key to the current cooperative marine plastic litter
management is to establish a stable and long-term market mechanism, regulating the governance relationship between countries, and
promote international cooperation in marine plastic litter management [46].

The allocation of responsibility for carbon emission reduction is a prerequisite for the carbon emissions trading market [47].
Dietzenbacher et al. [48] compared the differences in accounting methods for attributing responsibility for greenhouse gas emissions
among 41 countries and regions between 1995 and 2009. The study finds that emission responsibility allotment is the best method for
accounting for gas emissions compared to production-based accounting and consumption-based accounting. Qin et al. built a
graphically constrained cooperative game model by proposing a new characteristic function to describe the minimum possible carbon
emissions [49]. Salcedo et al. investigated the cooperative game strategy for sustainable supply chain design [50]. A three-way game
model of carbon emissions in China, the U.S. and the EU suggests that, unlike the prevailing prisoner’s dilemma, collective cooperative
governance can lead to a unique Nash equilibrium [9]. The cooperative game theory results show that each factory earns an average
profit of 12% when sharing its carbon credits. Compared to working independently, plants are 25% more profitable when working in a
coalition [51].

In the case of cooperative blue carbon governance, Bednar et al. [52] proposed a two-times-scale dynamical model describing the
long and complex negotiation process of the 2015 Paris Agreement on climate change. Wang et al. [53] explored carbon reduction
strategies from the perspective of co-benefits across geographic regions, finding that spatially nuanced regional policies are critical to
maximizing co-benefits. Liao and Yao [54] suggested that the current design of China’s national carbon market ignores regional
differences in carbon emission allowance allocation and needs to reflect this heterogeneity. The study further suggests that a more
flexible cross-regional cooperation mechanism could help achieve a win-win situation for China’s east and west. Allowing both direct
carbon emission reductions and offsets from renewable energy production conversions through projects where additional investments
can be made, investors could apply for carbon emission allowances from the projects accordingly. Zhao et al. [55] explored the
feasibility of blue carbon cooperation in the South China Sea region from an economic perspective and constructed the distribution
mechanism of cooperation benefits based on the Shapley value in game theory.

2.4. Literature gaps

First, in a comprehensive view, the existing studies on marine ranching mainly focus on the construction history, ecological and
economic effects, problems and response policies. However, few studies have paid attention to the ecological product value of blue
carbon in marine ranching, and studies on the ecological value realization of blue carbon in marine ranching need to be enriched.

Second, most existing studies on the value realization of marine carbon sinks regard the value realization as a “black box”, mainly
focusing on the ecological and economic effects of value realization, but not enough research on the process, mechanism and multi-
agent strategy of value realization. Only by clearly knowing the internal elements and operation mechanism of the “black box” can we
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optimize the “black box” more effectively and give better play to the ecological and economic effects of ocean carbon sinks.

Third, the research on the cooperative game of multiple subjects mainly focus on carbon emission strategies, and there are fewer
studies on the blue carbon multiple subject governance strategies of marine ranching. In addition, in terms of cooperative subjects, the
existing literature is mainly about supply chain subjects and national subjects, and few studies involve government and platform
subjects. These two subjects are indispensable in realizing the ecological value of blue carbon in marine ranching.

3. Model construction

Any market activity is linked to supply and demand and cannot be separated from the market mechanism, and the blue carbon
market is no exception. Blue carbon demand enterprises are those who need to offset carbon emissions, mainly those who rely on
traditional energy sources. Marine ranching enterprises are the suppliers of blue carbon. Currently, blue carbon trading is focused on
three types of blue carbon ecosystems recognized by the Intergovernmental Panel on Climate Change (IPCC), including mangroves,
seagrass beds, and salt marshes. The trading platform effectively connects the production and the demand sides of marine ranching
blue carbon. It can provide diversified services such as basic research, carbon pool survey, carbon sink accounting, trading rule
making, and value transformation. In recent years, provincial governments have positively sought to establish trading platforms to
support marine ranching enterprises in carbon sequestration. The subsidy is the most common incentive tool used by the government.
In order to promote the ecological value realization of blue carbon, the government can start from the production, trading and demand
sides to subsidize each market player. Accordingly, the four-subject cooperation model consisting of government, marine ranching
enterprises, trading platform and blue carbon demand enterprises is shown in Fig. 1.

According to the above ecological value realization model of blue carbon in marine ranching, the following assumptions are

proposed in this paper.
Assumption 1. Drawing from the research on blue carbon sink trading [56], we assumes that the blue carbon production cost of the
marine ranching enterprise as a quadratic function about the blue carbon output, and its cost function is ¢c; = %al g%, where q(q> 0) is
the blue carbon output and a;(0 < a; < 1) is the production cost coefficient. The marine ranching enterprise obtains blue carbon
revenue by trading through the platform, and its revenue function is g = pq, where p(p > 0) is the blue carbon trading price.

Assumption 2. Drawing from the research of carbon trading platform participation motivating blue carbon trading of marine
ranching [56,57], this paper assumes that the blue carbon trading platform charges commissions based on trading volume, and its
revenue function is go = wq, where w(0 < w < 1) is the commission coefficient of the trading platform. The operating cost of the blue
carbon trading platform is a quadratic function about the commission coefficient, and its cost function is c; = %azwz, where
ax(0 < az < 1) is the transaction cost coefficient of the platform.

Assumption 3. Blue carbon demand enterprises buy the blue carbon emission rights through trading platform. Drawing on research
of non-cooperative game and cooperative game method [58,59], this paper assumes that blue carbon demand enterprise’s cost
function is ¢ = pq and the benefit function is g3 = mq, where m(0 < m< 1) is the blue carbon utility coefficient of the demand
enterprise.

Assumption 4. To enhance environmental performance, the government will adopt incentives to support blue carbon development
by subsidizing marine ranching enterprises, trading platforms and demand enterprises. Drawing on research on government subsidy
strategies [11,57], we assumes the government’s payment cost function is ¢4 = 61b + 62b + 03b where b(b > 0) is the total amount of
government subsidies. 6; (0 < 6; < 1) is the subsidy coefficient for marine ranching enterprises, 62 (0 < 02 < 1) is the subsidy coefficient
for blue carbon trading platform, 05(0 < 63 < 1) is the coefficient of government subsidy given to the blue carbon demand enterprises,
and 6; + 6, + 65 = 1. The government’s blue carbon benefit function is g4 = nq, where n(0 < n< 1) is the government’s blue carbon
utility coefficient.

Based on the multi-agent’s cost and benefit, the marine ranching enterprises’ profit function is shown in equation (1), the trading
platform’s profit function is shown in equation (2), the blue carbon demand enterprises’ profit function is shown in equation (3), the
government’s utility function is shown in equation (4), and the overall benefit function is shown in equation (5).

1
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Fig. 1. Blue carbon ecological value realization model of marine ranching.'? (For interpretation of the references to colour in this figure legend, the
reader is referred to the Web version of this article.)

4. Results and analysis
4.1. Non-cooperative game’s results

Under the non-cooperative game situation, each subject determines its own optimal decision according to its own profit maxi-
mization principle. Marine ranching enterprises determine the optimal blue carbon output according to their own profit maximization
principle, so let the partial derivative of equation (1) ds; /dg = 0, and get the optimal blue carbon production gj , as shown in equation
(6). The trading platform determines the optimal transaction cost according to the principle of maximizing its own profit, so let the
partial derivative of equation (2) dsy/dw = 0, and get the optimal commission for the platform wy, as shown in equation (7).
Substituting equation (6) into the blue carbon demand function ¢ = A — p, the optimal blue carbon trading price pj, is obtained in
equation (8).

. Almtaa-2)
In (a1 +1)(az + a1a, — 1)

(6)

. A
N_a2+ala271

7

Aaj(aa +a1ap — 1)+ A
. _ 8
Py (a1 + 1)(a2 + a1a, — 1) ®

From equation (6), it can be seen that in the non-cooperative game situation, q; is positively proportional to A and inversely
proportional to a;, a,. This indicates that the initial demand for blue carbon positively affects blue carbon output. Marine ranching
enterprises’ production cost coefficient and the platform transaction cost coefficient negatively affect blue carbon output in marine
ranching.

From equation (7), it can be seen that in the non-cooperative game situation, wj, is positively proportional to A and inversely
proportional to a;, az. This indicates that the initial demand for blue carbon positively affects the platform’s optimal commission.
Marine ranching enterprises’ production cost coefficient and platform transaction cost coefficient negatively affect the platform’s
optimal commission.

From equation (8), it can be seen that pj, is positively proportional to A, a; and a, in the non-cooperative game situation. This
indicates that the initial demand for blue carbon, the production cost coefficient of marine ranching enterprises and the platform
transaction cost coefficient positively affect blue carbon trading price.

Further, to explore the optimal outcome for each subject in the non-cooperative situation, by substituting equations (6)-(8) into the
revenue functions (1) to (5) of each subject respectively, the profit of the marine ranching enterprise is equation (9), the blue carbon
trading platform’s profit is equation (10), the blue carbon demand enterprise’s profit is equation (11), the maximum utility of the
government is equation (12), and the overall profit is equation (13), where t = az + a;az — 1.
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From equation (9), we can see that s}’* is positively proportional to 61, b, A, and inversely proportional to a;, a,. This shows that in
the case of multi-agent non-cooperative governance, the subsidy coefficient for marine ranching enterprises, the total government blue
carbon subsidy, and the initial demand for blue carbon positively affect the profit of marine ranching enterprises. The blue carbon
production cost coefficient and the trading platform transaction cost coefficient of marine ranching enterprises negatively affect the
profit of marine ranching enterprises.

From equation (10), we can see that s}* is positively proportional to 65, b, A, and inversely proportional to a;, as. This indicates that
in the case of multi-agent non-cooperative governance, the coefficient of subsidy given to marine ranching enterprises, the total
government blue carbon subsidy, and the initial demand for blue carbon positively affect blue carbon trading platform’s profit. Blue
carbon production cost coefficient of marine ranching enterprises and the transaction cost coefficient of blue carbon trading platform
negatively affect blue carbon trading platform’s profit.

From equation (11), sY* is positively proportional to 5, b, m, A, and inversely proportional to a;, a,. This indicates that in the case
of multi-agent non-cooperative governance, the coefficient of subsidy given to marine ranching enterprises, the total government blue
carbon subsidy, the blue carbon utility coefficient of demand enterprises, and the initial demand of blue carbon positively affect the
profit of blue carbon demand enterprises, and the blue carbon production cost coefficient of marine ranching enterprises and the
transaction cost coefficient of blue carbon trading platform negatively affect the profit of blue carbon demand enterprises.

Equation (12) shows that sy* is positively proportional to n, A, and inversely proportional to b, a;, a,. This indicates that in the case
of multi-agent non-cooperative governance, the government blue carbon utility coefficient and the initial demand for blue carbon
positively affect the government profit, and the total government blue carbon subsidy, blue carbon production cost coefficient of
marine ranching enterprises and blue carbon trading platform transaction cost coefficient negatively affect the government profit.

From equation (13), s is positively proportional to m, n, A, and inversely proportional to a;, as. This indicates that in the case of
multi-agent non-cooperative governance, the demand enterprise blue carbon utility coefficient, the government blue carbon utility
coefficient, and the initial demand for blue carbon positively affect the overall profit. The marine ranching enterprise’ blue carbon
production cost coefficient and the trading platform transaction cost coefficient negatively affect the overall profit.

4.2. Results and analysis of cooperative game

In the cooperative game situation, each subject no longer determines the optimal decision according to its own profit maximization
principle, but determines the optimal output and price of blue carbon depending on the overall profit maximization principle. Let the
partial derivative of equation (5) ds/dq = 0, and get the optimal blue carbon production g, as shown in equation (14). The optimal
transaction cost w; of the trading platform can be determined from the optimal blue carbon output is shown in equation (15).
Substituting equation (14) into the blue carbon demand function ¢ = A — p, the optimal blue carbon trading price p{ is obtained in
equation (16).

., m+n
4dc = a4
ap
N :m-i-n 15)
ayay
Aay —m—n
P _aamme=R (16)

a,

From equation (14), it can be seen that g, is positively proportional to m, n, and inversely proportional to a; in the case of multi-
agent cooperative governance. This indicates that the demand enterprise blue carbon utility coefficient and the government blue
carbon utility coefficient positively affect the blue carbon output of marine ranching, and the marine ranching enterprises production
cost coefficient negatively affect the blue carbon output.

From equation (15), w{; is positively proportional to m, n, and inversely proportional to a;, a, in the case of multi-agent cooperative
governance. This indicates that the demand enterprise blue carbon utility coefficient and the government blue carbon utility coeffi-
cient positively affect the platform transaction cost, and the ocean ranch enterprise production cost coefficient and the platform
transaction cost coefficient negatively affect the platform transaction cost.

From equation (16), it can be seen that p{;, is positively proportional to A and inversely proportional to a;, m, n in the case of multi-
agent cooperative governance. This indicates that the initial demand for blue carbon positively affect blue carbon trading price, and
marine ranching enterprises production cost coefficient, the demand enterprises blue carbon utility coefficient and the government
blue carbon utility coefficient negatively affect the blue carbon trading price.

Further, by substituting equations (14)-(16) into the benefit functions (1) to (5) of each subject respectively, the optimal results can
be obtained given the cooperation of each subject. Among them, the profit of the marine ranching enterprise is shown in equation (17),

! Blue carbon ecological value realization model of marine ranching is from the author’s concept.
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the blue carbon trading platform’s profit is shown in equation (18), the blue carbon demand enterprise’s profit is shown in equation
(19), the maximum utility of the government is shown in equation (20), and the profit of the whole is shown in equation (21).
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From equation (17), we can see that s is positively proportional to 61, b, A, m, n, and inversely proportional to a;, a,. This indicates
that, in the case of multi-agent cooperative governance, the subsidy coefficient for marine ranching enterprises, the total government
blue carbon subsidy, the initial demand for blue carbon, the demand enterprise blue carbon utility coefficient, and the government
blue carbon utility coefficient positively affect the profit of marine ranching enterprises, and the blue carbon production cost coef-
ficient of marine ranching enterprises and the transaction cost coefficient of blue carbon trading platform have a negative The blue
carbon production cost coefficient. The blue carbon trading platform cost coefficient negatively affect the profit of marine ranching
enterprises.

From equation (18), we can see that s$* is positively proportional to 62, b, m, n, and inversely proportional to aj, a,. This indicates
that, in the case of multi-agent cooperative governance, the subsidy coefficient for marine ranching enterprises, the total government
blue carbon subsidy, the demand enterprise blue carbon utility coefficient, and the government blue carbon utility coefficient posi-
tively affect the profit of blue carbon trading platform. The blue carbon production cost coefficient of marine ranching enterprises and
the blue carbon trading platform transaction cost coefficient negatively affect the profit of trading platform.

From equation (19), we can see that s§* is positively proportional to 3, b, A, m, n, and inversely proportional to a;. This indicates
that, in the case of multi-agent cooperative governance, the subsidy coefficient for marine ranching enterprises, the total government
blue carbon subsidy, the initial demand for blue carbon, the blue carbon utility coefficient of demand enterprises, and the government
blue carbon utility coefficient has positive effects on the profit of blue carbon demand enterprises. The blue carbon production cost
coefficient of marine ranching enterprises has negative effects on the profit of blue carbon demand enterprises.

From equation (20), we can see that s$* is positively proportional to m, n, and inversely proportional to b, a;. This indicates that, in
the case of multi-agent cooperative governance, the demand enterprise blue carbon utility coefficient and the government blue carbon
utility coefficient positively affect the optimal government profit. The total government blue carbon subsidy and the marine ranching
enterprise blue carbon production cost coefficient negatively affect the optimal government profit.

From equation (21), we can see that s®* is positively proportional to m, n, and inversely proportional to a;, a,. This indicates that, in
the case of multi-agent cooperative governance, the demand enterprise blue carbon utility coefficient and the government blue carbon
utility coefficient positively affect the overall profit. The marine ranching enterprise blue carbon production cost coefficient and the
blue carbon trading platform transaction cost coefficient negatively affect the overall profit.

4.3. Comparison of non-cooperative game and cooperative game

Further, we calculate the cooperative surplus to determine the strengths and weaknesses of the non-cooperative game and
cooperative game for the ecological value realization of blue carbon in marine ranching. The optimal commission, blue carbon price,
blue carbon production, and profit in the cooperative game situation are subtracted from those in the non-cooperative game situation,
respectively, and the difference between them is shown in equations (22)-(29). Among them, j = (m 4+ n)(m + ma; + n — Aa; ), and
k = 2Aaiaz(m + n) — (m+n)*(amas + 2as + 2).
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From equation (22), Aw =w} — wy < 0, indicating that the commission coefficient of the platform is lower when multiple subjects
are governed cooperatively compared to non-cooperative governance. From equation (23), Ap = p; — py < 0, indicating that the
trading price is lower when multiple subjects are governed cooperatively. From equation (24), Aq = q;. — g > 0, indicating that the
blue carbon production of the marine ranching enterprises is higher in the case of cooperative governance. From equation (25), As; =
s¢* — s > 0, indicating that the profit of the marine ranching enterprise is higher in the case of cooperative governance. From
equation (26), As, = s§* — s§* > 0, indicating that the blue carbon trading platform is more profitable in the case of cooperative
governance. From equation (27), As; = s§* — s§* > 0, indicating that the profits of blue carbon demand companies are higher in the
case of cooperative governance. From equation (28), As; =s§* — sy > 0, indicating that the government utility is greater in the case of
cooperative governance. From equation (29), As = s¢ — sV > 0, indicating that the overall profit is higher in the case of multi-agent
cooperation for the blue carbon ecological value realization.

5. Discussion and implications
5.1. Discussion

This paper aims to explore whether multi-agent cooperation governance can promote the realization of blue carbon value in marine
ranching. The results show that compared with independent governance, blue carbon’s price is lower and blue carbon’s output is
higher when multiple subjects cooperatively govern marine ranching blue carbon. Moreover, the profits of marine ranching enter-
prises, blue carbon trading platforms and blue carbon demand enterprises are higher. Therefore, an interest linkage mechanism should
be established among the subjects to achieve win-win cooperation.

Regarding the research assumptions, this paper draws on the study of non-cooperative and cooperative game theory method [58,
59] to propose the assumptions. Yu et al. assume that the blue carbon production cost of the ocean ranching enterprise as a quadratic
function of the blue carbon output [56], which is the same as this research. Unlike linear function in Wan’s research [57], this study
assumes the operating cost of blue carbon trading platform is a quadratic function. Zheng et al. distribute the subsidy among all
subjects [11]. This paper draws on that approach and assumes that the government subsidy is distributed among marine ranching
enterprises, trading platforms and blue carbon demand enterprises.

Zhao et al. [55] explored the economic feasibility of blue carbon cooperation among countries in the South China Sea region. They
used the Shapley value in game theory to construct the distribution mechanism of cooperation benefits. It provides a reference for this
paper, and the conclusions of this paper are similar. Although the government is crucial in promoting blue carbon cooperation,
realizing blue carbon ecological value is also inseparable from the cooperation among market players. This paper not only includes the
government in the cooperation framework, but also considers the cooperative governance of blue carbon market players in marine
ranching. Wan et al. [60] argued that the government should take on a regulatory function, pointing out that government regulation
can restrain the opportunistic behavior of blue carbon trading platforms. However, this is obviously a common-sense conclusion. In
contrast, this paper explores the government’s blue carbon subsidy strategy. In the early stage when blue carbon trading is not yet fully
developed, the incentive is better than the constraint approach to promote its rapid development. Therefore, government blue carbon
subsidy for marine ranching is a topic with theoretical significance and practical value. Wang et al. [61] pointed out that the special
subsidy for blue carbon in marine ranching can improve the motivation of marine ranching enterprises and blue carbon demand
enterprises to trade blue carbon, which is the same as the findings of this paper. Zheng et al. [11] proposed that subsidy is not the more,
the better. It tends to the production side can obtain the best effect. In contrast, this paper does not find a boundary for government
subsidy. In addition to government subsidies, market transactions are also an essential means of realizing the ecological value of blue
carbon in marine ranching. Wan et al. [57] proposed that the blue carbon transaction cost should be reduced and the blue carbon
transaction price should be increased in ocean pastures’ blue carbon market trading. The conclusion of reducing blue carbon trans-
action costs is similar to the findings of this paper. However, different from it, this paper finds that the blue carbon trading price can be
reduced by multi-agent cooperation. In addition, unlike existing studies, this paper further explores the advantages of multi-agent
cooperation in realizing blue carbon ecological value in marine ranching.
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Blue carbon has positive spatial spillover effects. Yu et al. [56] analyzed the blue carbon cooperative governance between
neighboring regions using game theory. They concluded that the effect of blue carbon cooperative governance in neighboring regions
is greater than that of independent governance. This area is not considered in this study and provides an empirical reference for this
paper. In addition, this paper’s cooperative versus non-cooperative game research method is a static mathematical model study that
does not allow for dynamic trend analysis like the evolutionary game approach [62]. It does not allow for statistically significant results
on large samples like the econometric approach [63,64]. This is due to the fact that the current blue carbon in marine ranching is in the
initial exploration stage, and the cooperation of multi-subject governance has not yet been reached, so that dynamic evolutionary
analysis and regression analysis based on large samples cannot be conducted. Its advantage is that it allows cross-sectional comparisons
to obtain the advantages and disadvantages of cooperative or independent governance of multiple subjects by comparing the results of
cooperative and non-cooperative game models.

5.2. Policy implications

Firstly, make full use of the market mechanism’s decisive role in realizing the value of blue carbon ecological products of marine
ranching, and gradually incorporate blue carbon of marine ranching, blue carbon of mangroves and blue carbon of seagrass beds into
the blue carbon trading system. Accelerate the construction of the blue carbon trading platform of ocean pasture, improve the trading
mechanism of the platform from the trading side, reduce the transaction cost, improve the price formation mechanism, and then
promote the realization of the ecological value of blue carbon of ocean pasture.

Secondly, the government should use subsidies as the main incentive to mobilize all subjects to participate in blue carbon
governance. On the one hand, the target of subsidies should be reasonably determined. Subsidy funds should be rationally allocated, so
that the subsidy funds benefit marine ranching enterprises, trading platforms, blue carbon demand enterprises and other subjects.
However, it should also focus on subsidizing the construction of trading platforms. On the other hand, the total amount of subsidies
should be reasonably set. The amounts of subsidies should be adjusted according to the trading situation of the blue carbon market, so
as not to increase the financial burden excessively, but also to give full play to the incentive effect of subsidies.

Thirdly, build an interest linkage mechanism based on multi-agent cooperation, and expand the revenue space of blue carbon
cooperative governance of marine ranching. Strengthen the cooperation of marine ranching enterprises, blue carbon trading platform,
blue carbon demand enterprises, the government and other subjects, establish a multi-agent marine ranching blue carbon ecological
value of the realization of the interest linkage mechanism, form a risk-sharing and benefit-sharing pattern of blue carbon governance in
marine ranching.

5.3. Strengths and limitations

Compared to the published research results, the strengths of this paper lie in 2 aspects. On the one hand, differing from previous
studies that generally focus on the economic value of marine ranching, this paper focuses on the ecological value of blue carbon in
marine ranching, providing a new theoretical basis for ecological compensation in marine ranching. On the other hand, most of the
previous blue carbon governance focuses on inter-governmental and inter-regional cooperation. However, we integrate blue carbon
trading platform and government into the blue carbon ecological value realization model, making it more consistent with the
government-led and market-oriented operation of the blue carbon ecological value realization mechanism.

However, there are limitations in this paper. First, the central and local governments play different roles in realizing the blue carbon
ecological value of marine ranching. To simplify the model, this paper does not subdivide the government into the central and local
governments. Second, the government can support the ecological value of blue carbon in marine ranching in several ways. However,
this paper only considers the government’s financial subsidies as a policy tool, and the effects of other policy tools can be explored in
the future.

6. Conclusion

Blue carbon ecological value realization of ocean pastures is an important policy tool to help reduce greenhouse gas emissions. This
paper constructs a blue carbon ecological value realization model including marine ranching enterprises, blue carbon demand en-
terprises, blue carbon trading platforms and government. It explores each subject’s blue carbon cooperative governance strategy using
cooperative game and non-cooperative game models. The conclusions of the study are as follows.

First, in the case of non-cooperative governance of blue carbon in marine ranching, (1) the initial demand for blue carbon positively
affect blue carbon output, and blue carbon production cost and platform transaction cost negatively affect blue carbon output. (2) The
initial demand for blue carbon, the production cost of blue carbon, and the platform transaction cost positively affects the price of blue
carbon. (3) The subsidies given to marine ranching enterprises, the total government blue carbon subsidies, and the initial demand of
blue carbon positively impact the profit of each market subject. The production cost of blue carbon and the platform transaction cost
negatively impact each market subject’s profit. (4) The initial demand of blue carbon has a positive impact on government utility, and
the production cost of blue carbon and platform transaction cost negatively affect government utility.

Second, in the case of cooperative governance of blue carbon in marine ranching, (1) blue carbon utility of demand enterprises and
blue carbon utility of government have positive effects on blue carbon output, and blue carbon production cost has negative effects on
blue carbon output. (2) The initial demand for blue carbon positively affects blue carbon price, and the production cost of blue carbon,
the demand for enterprise’s blue carbon utility, and the government’s blue carbon utility negatively affect the blue carbon price. (3)



X. Zhang et al. Heliyon 9 (2023) e18572

The subsidies given to marine ranching enterprises, total government blue carbon subsidies, demand enterprises’ blue carbon utility,
and government blue carbon utility positively affect the profit of each subject. Blue carbon production cost and platform transaction
cost negatively affect the profit of marine ranching enterprises and blue carbon trading platforms, respectively. (4) Demand enter-
prises’ blue carbon utility has a positive impact on government utility, and total government blue carbon subsidy and blue carbon
production cost negatively affect government utility.

Third, cooperative governance of multiple subjects is more conducive to realizing ocean pasture’s blue carbon ecological value.
Compared with non-cooperative governance, in the case of multi-agent cooperative governance, the platform commission is lower, the
blue carbon trading price is lower, the marine ranching enterprises blue carbon output is higher, the profit of marine ranching en-
terprise’s is higher, the profit of blue carbon trading platform is higher, the profit of blue carbon demand enterprises is higher, the
utility of government is higher, and the overall profit is higher.

Author contribution statement

Xuechang Zhang: Performed the experiments; Wrote the paper.
Jingwei Cheng: Conceived and designed the experiments; Analyzed and interpreted the data.
Shan Zheng: Contributed reagents, materials, analysis tools or data.

Data availability statement
Data included in article/supplementary material/referenced in article.
Additional information

No additional information is available for this paper.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

References

[1] O. Serrano, D.I. Gmez-Lépez, L. Sanchez-Valencia, A. Acosta-Chaparro, R. Navas-Camacho, J. Gonzalez-Corredor, C. Salinas, P. Masque, C.A. Bernal, N. Marba,
Seagrass blue carbon stocks and sequestration rates in the Colombian Caribbean, Sci. Rep. 11 (2021), 11067, https://doi.org/10.1038/541598-021-90544-5.

[2] L.T. Bach, V. Tamsitt, J. Gower, C.L. Hurd, J.A. Raven, P.W. Boyd, Testing the climate intervention potential of ocean afforestation using the Great Atlantic
Sargassum Belt, Nat. Commun. 12 (2021) 2556, https://doi.org/10.1038/s41467-021-22837-2.

[3] C.Bertram, M. Quaas, T.B.H. Reusch, A.T. Vafeidis, C. Wolff, W. Rickels, The blue carbon wealth of nations, Nat. Clim. Change 11 (2021) 704-709, https://doi.

org/10.1038/541558-021-01089-4.

[4] N.Lu, H. Tian, B. Fu, H. Yu, S. Piao, S. Chen, Y. Li, X. Li, M. Wang, Z. Li, L. Zhang, P. Ciais, P. Smith, Biophysical and economic constraints on China’s natural

climate solutions, Nat. Clim. Change (2022), https://doi.org/10.1038/541558-022-01432-3.

T. Luisetti, S. Ferrini, G. Grilli, T.D. Jickells, H. Kennedy, S. Kroger, 1. Lorenzoni, B. Milligan, J. van der Molen, R. Parker, T. Pryce, R.K. Turner, E. Tyllianakis,

Climate action requires new accounting guidance and governance frameworks to manage carbon in shelf seas, Nat. Commun. 11 (2020) 4599, https://doi.org/

10.1038/541467-020-18242-w.

[6] Y. Cao, Z. Kang, J. Bai, Y. Cui, L.-S. Chang, J. Wu, How to build an efficient blue carbon trading market in China? - a study based on evolutionary game theory,
J. Clean. Prod. 367 (2022), 132867, https://doi.org/10.1016/j.jclepro.2022.132867.

[7] Z.Liu, Z. Deng, G. He, H. Wang, X. Zhang, J. Lin, Y. Qi, X. Liang, Challenges and opportunities for carbon neutrality in China, Nat. Rev. Earth Environ. 3 (2022)
141-155, https://doi.org/10.1038/s43017-021-00244-x.

[8] Z. Wang, M. Jusup, R.-W. Wang, L. Shi, Y. Iwasa, Y. Moreno, J. Kurths, Onymity promotes cooperation in social dilemma experiments, Sci. Adv. 3 (2022),
e1601444, https://doi.org/10.1126/sciadv.1601444.

[9] J. da Zhu, Cooperative equilibrium of the China-US-EU climate game, Energy Strategy Rev. 39 (2022), 100797, https://doi.org/10.1016/j.esr.2021.100797.

[10] P.I. Macreadie, A.I. Robertson, B. Spinks, M.P. Adams, J.M. Atchison, J. Bell-James, B.A. Bryan, L. Chu, K. Filbee-Dexter, L. Drake, C.M. Duarte, D.A. Friess,
F. Gonzalez, R.Q. Grafton, K.J. Helmstedt, M. Kaebernick, J. Kelleway, G.A. Kendrick, H. Kennedy, C.E. Lovelock, J.P. Megonigal, D.T. Maher, E. Pidgeon, A.
A. Rogers, R. Sturgiss, S.M. Trevathan-Tackett, M. Wartman, K.A. Wilson, K. Rogers, Operationalizing marketable blue carbon, One Earth 5 (2022) 485-492,
https://doi.org/10.1016/j.oneear.2022.04.005.

[11] S. Zheng, L. Yu, The government’s subsidy strategy of carbon-sink fishery based on evolutionary game, Energy 254 (2022), 124282, https://doi.org/10.1016/j.
energy.2022.124282.

[12] G.Fang, H. Yu, H. Sheng, Y. Tang, Z. Liang, Comparative analysis of microbial communities between water and sediment in Laoshan Bay marine ranching with
varied aquaculture activities, Mar. Pollut. Bull. 173 (2021), 112990, https://doi.org/10.1016/j.marpolbul.2021.112990.

[13] L. Wang, Z. Liang, Z. Guo, W. Cong, M. Song, Y. Wang, Z. Jiang, Response mechanism of microbial community to seasonal hypoxia in marine ranching, Sci. Total
Environ. 811 (2022), 152387, https://doi.org/10.1016/j.scitotenv.2021.152387.

[14] Y. Tan, S. Lou, Research and development of a large-scale modern recreational fishery marine ranch System, Ocean Eng. 233 (2021), 108610, https://doi.org/
10.1016/j.oceaneng.2021.108610.

[15] S.E.Lester, J.M. Stevens, R.R. Gentry, C. v Kappel, T.W. Bell, C.J. Costello, S.D. Gaines, D.A. Kiefer, C.C. Maue, J.E. Rensel, R.D. Simons, L. Washburn, C. White,
Marine spatial planning makes room for offshore aquaculture in crowded coastal waters, Nat. Commun. 9 (2018) 945, https://doi.org/10.1038/541467-018-
03249-1.

[16] J. Wu, M. Lai, Y. Zhang, J. Li, H. Zhou, R. Jiang, C. Zhang, Microplastics in the digestive tracts of commercial fish from the marine ranching in east China sea,
China, Case Studies in Chemical and Environmental Engineering 2 (2020), 100066, https://doi.org/10.1016/j.cscee.2020.100066.

[17] S. Song, Y. Ding, W. Li, Y. Meng, J. Zhou, R. Gou, C. Zhang, S. Ye, N. Saintilan, K.W. Krauss, S. Crooks, S. Lv, G. Lin, Mangrove reforestation provides greater
blue carbon benefit than afforestation for mitigating global climate change, Nat. Commun. 14 (2023) 756, https://doi.org/10.1038/541467-023-36477-1.

[5

[}

10


https://doi.org/10.1038/s41598-021-90544-5
https://doi.org/10.1038/s41467-021-22837-2
https://doi.org/10.1038/s41558-021-01089-4
https://doi.org/10.1038/s41558-021-01089-4
https://doi.org/10.1038/s41558-022-01432-3
https://doi.org/10.1038/s41467-020-18242-w
https://doi.org/10.1038/s41467-020-18242-w
https://doi.org/10.1016/j.jclepro.2022.132867
https://doi.org/10.1038/s43017-021-00244-x
https://doi.org/10.1126/sciadv.1601444
https://doi.org/10.1016/j.esr.2021.100797
https://doi.org/10.1016/j.oneear.2022.04.005
https://doi.org/10.1016/j.energy.2022.124282
https://doi.org/10.1016/j.energy.2022.124282
https://doi.org/10.1016/j.marpolbul.2021.112990
https://doi.org/10.1016/j.scitotenv.2021.152387
https://doi.org/10.1016/j.oceaneng.2021.108610
https://doi.org/10.1016/j.oceaneng.2021.108610
https://doi.org/10.1038/s41467-018-03249-1
https://doi.org/10.1038/s41467-018-03249-1
https://doi.org/10.1016/j.cscee.2020.100066
https://doi.org/10.1038/s41467-023-36477-1

X. Zhang et al.

[18]

[19]

[20]
[21]
[22]
[23]
[24]

[25]

[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]
[53]

[54]
[55]

Heliyon 9 (2023) e18572

J. Tang, S. Ye, X. Chen, H. Yang, X. Sun, F. Wang, Q. Wen, S. Chen, Coastal blue carbon: concept, study method, and the application to ecological restoration,
Sci. China Earth Sci. 61 (2018) 637-646, https://doi.org/10.1007/511430-017-9181-x.

P.I. Macreadie, A. Anton, J.A. Raven, N. Beaumont, R.M. Connolly, D.A. Friess, J.J. Kelleway, H. Kennedy, T. Kuwae, P.S. Lavery, C.E. Lovelock, D.A. Smale, E.
T. Apostolaki, T.B. Atwood, J. Baldock, T.S. Bianchi, G.L. Chmura, B.D. Eyre, J.W. Fourqurean, J.M. Hall-Spencer, M. Huxham, I.E. Hendriks, D. Krause-Jensen,
D. Laffoley, T. Luisetti, N. Marba, P. Masque, K.J. McGlathery, J.P. Megonigal, D. Murdiyarso, B.D. Russell, R. Santos, O. Serrano, B.R. Silliman, K. Watanabe, C.
M. Duarte, The future of Blue Carbon science, Nat. Commun. 10 (2019) 3998, https://doi.org/10.1038/541467-019-11693-w.

T. Bryan, J. Virdin, T. Vegh, C.Y. Kot, J. Cleary, P.N. Halpin, Blue carbon conservation in West Africa: a first assessment of feasibility, J. Coast Conserv. 24
(2020) 8, https://doi.org/10.1007/s11852-019-00722-x.

L. Sheehan, E.T. Sherwood, R.P. Moyer, K.R. Radabaugh, S. Simpson, Blue carbon: an additional driver for restoring and preserving ecological services of coastal
wetlands in tampa bay (Florida, USA), Wetlands 39 (2019) 1317-1328, https://doi.org/10.1007/513157-019-01137-y.

C. Bertram, M. Quaas, T.B.H. Reusch, A.T. Vafeidis, C. Wolff, W. Rickels, The blue carbon wealth of nations, Nat. Clim. Change 11 (2021) 704-709, https://doi.
org/10.1038/541558-021-01089-4.

C. Feng, G. Ye, Q. Jiang, Y. Zheng, G. Chen, J. Wu, X. Feng, Y. Si, J. Zeng, P. Li, K. Fang, The contribution of ocean-based solutions to carbon reduction in China,
Sci. Total Environ. 797 (2021), 149168, https://doi.org/10.1016/j.scitotenv.2021.149168.

L. Jiang, T. Yang, J. Yu, Global trends and prospects of blue carbon sinks: a bibliometric analysis, Environ. Sci. Pollut. Control Ser. 29 (2022) 65924-65939,
https://doi.org/10.1007/5s11356-022-22216-4.

S. Salack, S. Sanfo, M. Sidibe, E.K. Daku, I. Camara, M.D.B. Dieng, K. Hien, B.M. Torou, K.O. Ogunjobi, S.A.K.S.B. Sangare, K.R. Kouame, Y.B. Koffi, S. Liersch,
M. Savadogo, A. Giannini, Low-cost adaptation options to support green growth in agriculture, water resources, and coastal zones, Sci. Rep. 12 (2022), 17898,
https://doi.org/10.1038/541598-022-22331-9.

X. Chen, B. Lin, Towards carbon neutrality by implementing carbon emissions trading scheme: policy evaluation in China, Energy Pol. 157 (2021), 112510,
https://doi.org/10.1016/j.enpol.2021.112510.

M. Wu, K.X. Li, Y. Xiao, K.F. Yuen, Carbon emission trading scheme in the shipping sector: drivers, challenges, and impacts, Mar. Pol. 138 (2022), 104989,
https://doi.org/10.1016/j.marpol.2022.104989.

Q. Nie, L. Zhang, Z. Tong, G. Dai, J. Chai, Cost compensation method for PEVs participating in dynamic economic dispatch based on carbon trading mechanism,
Energy 239 (2022), 121704, https://doi.org/10.1016/j.energy.2021.121704.

Q. Hong, L. Cui, P. Hong, The impact of carbon emissions trading on energy efficiency: evidence from quasi-experiment in China’s carbon emissions trading
pilot, Energy Econ. 110 (2022), 106025, https://doi.org/10.1016/j.eneco.2022.106025.

Z. Dong, C. Xia, K. Fang, W. Zhang, Effect of the carbon emissions trading policy on the co-benefits of carbon emissions reduction and air pollution control,
Energy Pol. 165 (2022), 112998, https://doi.org/10.1016/j.enpol.2022.112998.

W. Zhang, G. Li, F. Guo, Does carbon emissions trading promote green technology innovation in China? Appl. Energy 315 (2022), 119012 https://doi.org/
10.1016/j.apenergy.2022.119012.

R. Tan, B. Lin, The long term effects of carbon trading markets in China: evidence from energy intensive industries, Sci. Total Environ. 806 (2022), 150311,
https://doi.org/10.1016/j.scitotenv.2021.150311.

Y. Luo, W. Wang, D. Zhao, The impacts of carbon emission trading mechanism on the power transition pathway -taking Guangdong-Hong Kong-Macao Greater
Bay Area as an example, J. Clean. Prod. 330 (2022), 129894, https://doi.org/10.1016/j.jclepro.2021.129894.

H. Liao, D. Wu, Y. Wang, Z. Lyu, H. Sun, Y. Nie, H. He, Impacts of carbon trading mechanism on closed-loop supply chain: a case study of stringer pallet
remanufacturing, Socioecon Plann Sci 81 (2022), 101209, https://doi.org/10.1016/j.seps.2021.101209.

X.-Q. Wang, C.-W. Su, O.-R. Lobont, H. Li, M. Nicoleta-Claudia, Is China’s carbon trading market efficient? Evidence from emissions trading scheme pilots,
Energy 245 (2022), 123240, https://doi.org/10.1016/j.energy.2022.123240.

Z.Li, Y. Pan, W. Yang, J. Ma, M. Zhou, Effects of government subsidies on green technology investment and green marketing coordination of supply chain under
the cap-and-trade mechanism, Energy Econ. 101 (2021), 105426, https://doi.org/10.1016/j.enec0.2021.105426.

Y. Shao, Z. Chen, Can government subsidies promote the green technology innovation transformation? Evidence from Chinese listed companies, Econ. Anal. Pol.
74 (2022) 716-727, https://doi.org/10.1016/j.eap.2022.03.020.

W. Wang, S. Hao, W. He, M.A. Mohamed, Carbon emission reduction decisions in construction supply chain based on differential game with government
subsidies, Build. Environ. (2022), 109149, https://doi.org/10.1016/j.buildenv.2022.109149.

A.M. van Valkengoed, E. van der Werff, Are subsidies for climate action effective? Two case studies in The Netherlands, Environ. Sci. Pol. 127 (2022) 137-145,
https://doi.org/10.1016/j.envsci.2021.09.018.

C. Ma, H. Yang, W. Zhang, S. Huang, Low-carbon consumption with government subsidy under asymmetric carbon emission information, J. Clean. Prod. 318
(2021), 128423, https://doi.org/10.1016/j.jclepro.2021.128423.

F. Cheng, T. Chen, Q. Chen, Cost-reducing strategy or emission-reducing strategy? The choice of low-carbon decisions under price threshold subsidy, Transp Res
E Logist Transp Rev 157 (2022), 102560, https://doi.org/10.1016/j.tre.2021.102560.

Q. Nie, L. Zhang, S. Li, How can personal carbon trading be applied in electric vehicle subsidies? A Stackelberg game method in private vehicles, Appl. Energy
313 (2022), 118855, https://doi.org/10.1016/j.apenergy.2022.118855.

D. Mao, X. Li, D. Mu, D. Liu, C. Chu, Separated interactive behaviors promote cooperation in the spatial prisoner’s dilemma game, Eur. Phys. J. B 94 (2021) 148,
https://doi.org/10.1140/epjb/s10051-021-00118-7.

T. Asghari, A.A. Taleizadeh, F. Jolai, M.S. Moshtagh, Cooperative game for coordination of a green closed-loop supply chain, J. Clean. Prod. (2022), 132371,
https://doi.org/10.1016/j.jclepro.2022.132371.

C. Zhang, L. Guo, Q. Luo, Y. Wang, G. Wu, Research on marine plastic garbage governance in Northwest Pacific Region from the perspective of cooperative
game, J. Clean. Prod. 354 (2022), 131636, https://doi.org/10.1016/j.jclepro.2022.131636.

X. Xu, Y. Hou, C. Zhao, L. Shi, Y. Gong, Research on cooperation mechanism of marine plastic waste management based on complex network evolutionary game,
Mar. Pol. 134 (2021), 104774, https://doi.org/10.1016/j.marpol.2021.104774.

K.W. Steininger, K. Williges, L.H. Meyer, F. Maczek, K. Riahi, Sharing the effort of the European Green Deal among countries, Nat. Commun. 13 (2022) 3673,
https://doi.org/10.1038/541467-022-31204-8.

E. Dietzenbacher, 1. Cazcarro, 1. Arto, Towards a more effective climate policy on international trade, Nat. Commun. 11 (2020) 1130, https://doi.org/10.1038/
s41467-020-14837-5.

Q. Qin, Y. Liu, J.-P. Huang, A cooperative game analysis for the allocation of carbon emissions reduction responsibility in China’s power industry, Energy Econ.
92 (2020), 104960, https://doi.org/10.1016/j.eneco.2020.104960.

R. Salcedo-Diaz, J.R. Ruiz-Femenia, A. Amat-Bernabeu, J.A. Caballero, A cooperative game strategy for designing sustainable supply chains under the emissions
trading system, J. Clean. Prod. 285 (2021), 124845, https://doi.org/10.1016/].jclepro.2020.124845.

F. Ahmad Fadzil, V. Andiappan, D.K.S. Ng, L.Y. Ng, A. Hamid, Sharing carbon permits in industrial symbiosis: a game theory-based optimisation model, J. Clean.
Prod. 357 (2022), 131820, https://doi.org/10.1016/j.jclepro.2022.131820.

J. Bednar, M. Obersteiner, A. Baklanov, M. Thomson, F. Wagner, O. Geden, M. Allen, J.W. Hall, Operationalizing the net-negative carbon economy, Nature 596
(2021) 377-383, https://doi.org/10.1038/s41586-021-03723-9.

P. Wang, C.-K. Lin, Y. Wang, D. Liu, D. Song, T. Wu, Location-specific co-benefits of carbon emissions reduction from coal-fired power plants in China, Nat.
Commun. 12 (2021) 6948, https://doi.org/10.1038/s41467-021-27252-1.

Z. Liao, Q. Yao, Flexibility is needed in China’s national carbon market, Nat. Clim. Change 12 (2022) 106-107, https://doi.org/10.1038/541558-021-01273-6.
C. Zhao, C. Fang, Y. Gong, Z. Lu, The economic feasibility of Blue Carbon cooperation in the South China Sea region, Mar. Pol. 113 (2020), 103788, https://doi.
org/10.1016/j.marpol.2019.103788.

11


https://doi.org/10.1007/s11430-017-9181-x
https://doi.org/10.1038/s41467-019-11693-w
https://doi.org/10.1007/s11852-019-00722-x
https://doi.org/10.1007/s13157-019-01137-y
https://doi.org/10.1038/s41558-021-01089-4
https://doi.org/10.1038/s41558-021-01089-4
https://doi.org/10.1016/j.scitotenv.2021.149168
https://doi.org/10.1007/s11356-022-22216-4
https://doi.org/10.1038/s41598-022-22331-9
https://doi.org/10.1016/j.enpol.2021.112510
https://doi.org/10.1016/j.marpol.2022.104989
https://doi.org/10.1016/j.energy.2021.121704
https://doi.org/10.1016/j.eneco.2022.106025
https://doi.org/10.1016/j.enpol.2022.112998
https://doi.org/10.1016/j.apenergy.2022.119012
https://doi.org/10.1016/j.apenergy.2022.119012
https://doi.org/10.1016/j.scitotenv.2021.150311
https://doi.org/10.1016/j.jclepro.2021.129894
https://doi.org/10.1016/j.seps.2021.101209
https://doi.org/10.1016/j.energy.2022.123240
https://doi.org/10.1016/j.eneco.2021.105426
https://doi.org/10.1016/j.eap.2022.03.020
https://doi.org/10.1016/j.buildenv.2022.109149
https://doi.org/10.1016/j.envsci.2021.09.018
https://doi.org/10.1016/j.jclepro.2021.128423
https://doi.org/10.1016/j.tre.2021.102560
https://doi.org/10.1016/j.apenergy.2022.118855
https://doi.org/10.1140/epjb/s10051-021-00118-7
https://doi.org/10.1016/j.jclepro.2022.132371
https://doi.org/10.1016/j.jclepro.2022.131636
https://doi.org/10.1016/j.marpol.2021.104774
https://doi.org/10.1038/s41467-022-31204-8
https://doi.org/10.1038/s41467-020-14837-5
https://doi.org/10.1038/s41467-020-14837-5
https://doi.org/10.1016/j.eneco.2020.104960
https://doi.org/10.1016/j.jclepro.2020.124845
https://doi.org/10.1016/j.jclepro.2022.131820
https://doi.org/10.1038/s41586-021-03723-9
https://doi.org/10.1038/s41467-021-27252-1
https://doi.org/10.1038/s41558-021-01273-6
https://doi.org/10.1016/j.marpol.2019.103788
https://doi.org/10.1016/j.marpol.2019.103788

X. Zhang et al. Heliyon 9 (2023) e18572

[56] L. Yu, S. Zheng, Q. Gao, Independent or collaborative management? Regional management strategy for ocean carbon sink trading based on game theory, Ocean
Coast Manag. 235 (2023), 106484, https://doi.org/10.1016/j.ocecoaman.2023.106484.

[57] X. Wan, Q. Li, L. Qiu, Y. Du, How do carbon trading platform participation and government subsidy motivate blue carbon trading of marine ranching? A study
based on evolutionary equilibrium strategy method, Mar. Pol. 130 (2021), 104567, https://doi.org/10.1016/j.marpol.2021.104567.

[58] W. Amin, Q. Huang, M. Afzal, A.A. Khan, K. Umer, S.A. Ahmed, A converging non-cooperative & cooperative game theory approach for stabilizing peer-to-peer
electricity trading, Elec. Power Syst. Res. 183 (2020), 106278, https://doi.org/10.1016/j.epsr.2020.106278.

[59] F. Ahmad Fadzil, V. Andiappan, D.K.S. Ng, L.Y. Ng, A. Hamid, Sharing carbon permits in industrial symbiosis: a game theory-based optimisation model, J. Clean.
Prod. 357 (2022), 131820, https://doi.org/10.1016/j.jclepro.2022.131820.

[60] X. Wan, S. Xiao, Q. Li, Y. Du, Evolutionary policy of trading of blue carbon produced by marine ranching with media participation and government supervision,
Mar. Pol. 124 (2021), 104302, https://doi.org/10.1016/j.marpol.2020.104302.

[61] Y. Wang, T. Guo, T.C.E. Cheng, N. Wang, Evolution of blue carbon trading of China’s marine ranching under the blue carbon special subsidy mechanism, Ocean
Coast Manag. 222 (2022), 106123, https://doi.org/10.1016/j.ocecoaman.2022.106123.

[62] L. Yu, S. Zheng, Q. Gao, Government environmental regulation strategy for new pollutants control in mariculture, Mar. Pol. 150 (2023), 105545, https://doi.
org/10.1016/j.marpol.2023.105545.

[63] S.Zheng, L.H. Yu, H.Q. Fu, Has Rural E-Commerce Increased Potato Farmers’ Income? Evidence from the Potato Home of China, Potato Res. (n.d.). https://doi.
org/10.1007/5s11540-023-09614-y.

[64] S. Zheng, K. Yin, L. Yu, Factors influencing the farmer’s chemical fertilizer reduction behavior from the perspective of farmer differentiation, Heliyon 8 (2022),
11918, https://doi.org/10.1016/j.heliyon.2022.e11918.

12


https://doi.org/10.1016/j.ocecoaman.2023.106484
https://doi.org/10.1016/j.marpol.2021.104567
https://doi.org/10.1016/j.epsr.2020.106278
https://doi.org/10.1016/j.jclepro.2022.131820
https://doi.org/10.1016/j.marpol.2020.104302
https://doi.org/10.1016/j.ocecoaman.2022.106123
https://doi.org/10.1016/j.marpol.2023.105545
https://doi.org/10.1016/j.marpol.2023.105545
https://doi.org/10.1016/j.heliyon.2022.e11918

	Can multi-agent cooperation promote the ecological value realization of blue carbon in marine ranching?
	1 Introduction
	2 Literature review
	2.1 Blue carbon in marine ranching
	2.2 Ecological value realization of blue carbon
	2.3 Multi-agent cooperative governance of blue carbon based on game theory
	2.4 Literature gaps

	3 Model construction
	4 Results and analysis
	4.1 Non-cooperative game’s results
	4.2 Results and analysis of cooperative game
	4.3 Comparison of non-cooperative game and cooperative game

	5 Discussion and implications
	5.1 Discussion
	5.2 Policy implications
	5.3 Strengths and limitations

	6 Conclusion
	Author contribution statement
	Data availability statement
	Additional information
	Declaration of competing interest
	References


