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A B S T R A C T   

In the realm of significant technological research and innovation within the marine economy, 
enterprises and academic research institutions often grapple with a lack of innovation motivation 
due to financial constraints. This paper introduces the factor of "capital constraints" into the 
marine innovation chain, establishing a technological innovation chain within the marine 
economy. Utilizing a three-party evolutionary game model, the study delves into the strategy 
selection and evolution of financial institutions, marine enterprises, and academic research in-
stitutions. In contrast to previous studies, this paper categorizes technological innovation coop-
eration into two types: "cooperative tackling type" and "market-oriented promotion type." 
Additionally, it posits that collaboration between academic research institutions and marine 
enterprises establishes an implicit guarantee relationship, facilitating access to higher loan 
amounts for both parties. The research reveals that the behavior of governments and marine 
enterprises is influenced by the initial willingness of participants. Higher basic benefits of 
cooperation and innovation between academic research institutions and marine enterprises lead 
to a quicker attainment of an evolutionary stable state. Moreover, in collaborations between 
marine enterprises and research institutions, an excessively high proportion of funds occupied by 
marine enterprises proves disadvantageous. The paper suggests that pure market-oriented pro-
motion innovation cooperation could serve as a supplementary approach to traditional cooper-
ation and innovation. Finally, numerical examples are presented to elucidate the outcomes of the 
theoretical model, accompanied by policy suggestions.   

1. Introduction 

Since the reform and opening up policy in 1978, China’s economy has experienced explosive growth, and the strategic role of the 
marine economy has attracted more and more attention. "Developing the marine economy" was first designated as a crucial national 
development strategy in China’s 12th Five-Year Plan for National and Social Development (FYP) (2011–2015). In 2013, China 
launched the "21st Century Maritime Silk Road", which aims to accelerate the development of the Shanghai Pilot Free Trade Zone, and 
take advantage of its high degree of openness and advantages to support Fujian Province in building the core areas of the Silk Road, the 
Yangtze River Delta and other coastal areas. The huge influence of the economic zone. According to the 2019 China Marine Economic 
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Development Report, the gross marine product (GOP) in 2018 was 8341.5 billion yuan, an increase of 6.7%, accounting for 9.3% of 
China’s GDP. The overflow value of the marine primary, secondary and tertiary industries accounted for 4.4%, 37.0% and 58.6% of the 
total marine yield value respectively, and the tertiary industry also had the fastest growth rate (National Development and Reform 
Commission and MENR, 2019). The marine economic growth rate in the southern coastal areas is higher than that in the central and 
northern coastal areas, demonstrating greater future development potential (NDRC and MENR, 2019). With the further acceleration of 
the economic process, the high-quality development strategy of the marine economy is proposed in 2021, the adjustment of the marine 
economy and the transformation and upgrading of industrial structure should attract sufficient attention and recognition. The 
development of the marine economy through technological innovation is the only way to develop the marine economy in the future. 

However, it is worth noting that China’s marine economic growth has gone through tortuous development, and currently has 
entered a new stage of "qualitative breakthrough" in local areas from the stage of "quantitative accumulation". Although great 
achievements have been made in the development of marine science and technology across the country, the level of which is 
approaching that of developed countries or economies such as the United States, the European Union, and Japan, there is still a gap in 
the awareness and ability of scientific and technological innovation. Marine-independent innovation, especially primitive innovation 
needs to be strengthened. 

Because marine economy encompasses various ecological elements that are influenced by economic and environmental factors, 
considering related issues involves a multitude of interactions and impacts among entities. Therefore, it aligns more closely with a 
dynamic-seeking stability process [1,2]. The framework of evolutionary game theory provides us with a tool that allows us to 
simultaneously consider the strategic choices of multiple entities and evolutionary stability. This is also why this model was chosen for 
this paper. On the other hand, incorporating Simon’s concept of bounded rationality into the framework of evolutionary game theory is 
more in line with real-world situations. Furthermore, in the consideration of the development and planning process of the marine 
economy, a small number of studies have already recognized the importance of collaborative innovation [3–5]. However, practical 
strategies for alleviating funding constraints in the innovation process have not been proposed. Additionally, a plethora of empirical 
evidence [6–9] has indicated that the ownership nature of enterprises affects the difficulty of obtaining funds in the financing process, 
with state-owned enterprises being more likely to receive financial support from banks. This aspect has not received sufficient 
attention in theoretical model research. In reality, decision-makers in state-owned enterprises and state-owned banks often hold 
similar administrative-level roles, and this consistency in roles is one of the reasons they find it easier to establish "relationships" [10, 
11]. 

For the marine economy, its spatial components are relatively complex, so the process of exploring the sustainable development of 
the marine economy requires dynamics and process orientation [12]. Based on this background, this paper explores the technological 
innovation cooperation mechanism of financial institutions, marine enterprises and academic and research institutions, and explores 
the path of high-quality technological innovation mechanism of great significance and practical value. 

Although research on industry-university-research collaboration is not a new topic, The importance of innovation has been widely 
acknowledged in existing literature [13,14]. Previous studies have primarily focused on discussing the outcomes of collaboration, 
often neglecting the consideration of collaboration types. This paper creatively categorizes collaboration into two types: the first being 
traditional collaborative innovation in research and development, with a focus on the outcomes and distribution of benefits; the second 
being innovation and research collaboration solely for market-oriented promotion, which centers around the process of pushing 
research results into the market. In real-world scenarios, there is often information asymmetry between enterprises and research 
institutions. As a result, many research outcomes from institutions are not brought to the market. Research institutions may be un-
aware of the needs of enterprises, and enterprises may not know that certain research outcomes from institutions could assist in their 
business management and technological efficiency. Given the latter scenario, collaboration focused on market-oriented promotion 
becomes particularly important. 

Different from previous studies, the innovation of this paper lies in: (1) Based on China’s cultural and customary factors, this paper 
believes that an "implicit guarantee relationship" can be formed when academic institutions and marine enterprises carry out inno-
vation cooperation. This paper incorporates this typical fact into the model. (2)The industry-university-research institution cooper-
ation in the economy is creatively divided into "traditional innovation in R&D cooperation" and "pure market-oriented promotion 
cooperation", and the research has confirmed the rationality and feasibility of the latter method. This discovery provides new insights 
into the innovation path and mechanism reform of marine economic cooperation. The rest of this paper was arranged as follows: 
Section 2 was the literature review, Section 3 was the construction of the evolutionary game model, Section 4 was the simulation of 
numerical examples, and Section 5 was the conclusion and enlightenment. 

2. Literature review 

2.1. Related research on marine economy and marine economic innovation 

As far as the research on the marine economy is concerned, the existing research has involved: the Belt and Road, the trans-
formation and upgrading of the marine industry, etc. Fang Ye et al. [15] studied the impact of government preferences in policies and 
regulations on the marine economy. The study pointed out that there is delayed effect in the promotion of environmental regulations to 
the green development of the marine economy. The influence of government preference varies. The industry preference has a negative 
impact on the green development of the marine economy, while environmental preference has a negative impact on the green 
development of the marine economy. The combined effect of industrial preference and environmental preference restrains the green 
development of the marine economy, while the combined effect of environmental preference and environmental regulations promotes 
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it. Different government preferences indicate variable effects in diverse regions. Environmental preference promotes the green 
development of the marine economy in the Bohai Bay area, while industrial preference inhibits the development of the green economy. 
Both industrial preference and environmental preference in the Yangtze River Delta region have a positive effect, while only the 
environmental preference in the Pan-Pearl River Delta region has a facilitative effect. Qinglong Shao et al. [16] focused on marine 
industry upgrading as well as its relationship with marine economic growth and technological innovation. The study found that in the 
long run, marine economic growth has a positive impact on marine technological innovation, and vice versa. Furthermore, they neither 
has promoted industrial upgrading, nor has it promoted it. These findings indicate that marine economic growth and technological 
innovation promote each other in the long run, but the mutual driving mechanism between marine industrial upgrading and the other 
two variables has not yet manifested. The study also shows that the transition from secondary to tertiary industries is not conducive to 
improving marine technological innovation. Baiqiong Liu et al. [17] screened seven typical marine development activities in China to 
evaluate their comprehensive benefits, with the aim of selecting activities suitable for priority development. An evaluation index 
system including economic benefit index, social benefit index, resource depletion index and environmental cost index is established 
specifically. The weight of each index was calculated by Delphi method and Analytic Hierarchy Process (AHP), and a comprehensive 
benefit evaluation model was established for evaluation. The results show that the marine secondary industry has the highest 
comprehensive benefit, followed by the marine tertiary industry. The marine primary industry was the latest one. Xuan Chen et al. [18] 
studied the dual effects of different types of marine environmental regulations on the upgrading of the manufacturing industry 
structure and the transfer of polluting industries. Each marine environmental regulation has a positive U-shaped relationship with the 
transfermation of polluting industries and the upgrading of industrial structure. The threshold point of the transfer of polluting in-
dustries appears before the threshold point of industrial structure upgrading. Based on these two threshold points, the impact of each 
marine environmental regulation on the industrial restructuring of each province is divided into three stages: double inhibiting 
transfermation and upgrading, transfermation priority, and double promoting transfermation and upgrading. Under each marine 
environmental regulation, Hainan and Guangxi provinces are in the double suppression stage, while under the command-control and 
economic incentive marine environmental regulations, Shanghai and Shandong provinces have entered the double promotion stage. 
Hanna Dijkstra et al. [19] examined how blockchain technology can be used to improve global marine conservation and fisheries 
supply chain management, considering the technical and political challenges of building trust and equity for various stakeholders. 
Shuo Wang et al. (2022) studied the strategic selection and evolution of stakeholders in marine spatial planning from the perspective of 
marine ecosystems. They analyzed the effect of incentive mechanisms. Their study pointed out that factors such as initial selection 
probability and transaction cost coefficient distribution can significantly affect the three parties. The agent’s strategy selection and 
evolution [20]. Srinivasa et al. [21] studied enterprises facing funding shortages and concluded that supply chain financing would 
bring mutual benefits to all parties involved in the supply chain, including commercial banks. Yan et al. [22] established a stronger 
partnership between financially constrained partners and banks, providing guarantees for sales to avoid defaults due to insufficient 
demand. Tunca et al. [23] found that financially constrained suppliers could invite retailers as guarantee intermediaries to secure loan 
financing from banks, benefiting supply chain members and enhancing channel performance. Based on these studies, it can be 
observed that current research on the marine economy primarily operates at the macro and meso levels, focusing on topics such as 
marine economic growth and industrial structural transformation. However, there is limited research and consideration from the 
perspective of collaborative innovation among entities. Additionally, existing studies have covered aspects of the industry and supply 
chain related to the marine economy, but there is insufficient attention and consideration given to the financial and innovation chains. 
Therefore, this paper specifically addresses these latter two aspects. 

2.2. Research on evolutionary games 

Evolutionary game adopts Simon’s opinion of bounded rationality [24], and at the same time integrates dynamic evolution and 
game theory analysis into a intact framework. Evolutionary game theory is a research framework that can clearly demonstrate the 
selection pressure that affects the conflict of relevant stakeholders’ strategies [25]. It is widely used to study the long-term evolution 
and stability of social habits, customs, norms, and institutions [26–30]. As far as the related research on evolutionary games is con-
cerned, there are many literatures, including not only PPP project evolution but also carbon emission reduction, new energy vehicles, 
etc. Huiqun Yuan et al. [31] studied random policy selection in supply chain and proposed a random attack and defense algorithm 
based on evolutionary results. Yu Tu et al. [32] studied the strategy selection and evolution of stakeholders in the context of the 
extended production responsibility (EPR) system, which analyzed in detail the applicability and limitations of different environmental 
policy systems. Haiyan Shan et al. studied the strategy selection and evolution of stakeholder companies, poor households and gov-
ernments in the context of photovoltaic poverty reduction, and found the thresholds for different strategy evolution. Yujuan Fang et al. 
[33] studied the use of solar energy in electric vehicles and proposed a public-private partnership to advance the implementation of the 
program, confirming that appropriate subsidies and pricing strategy can guide stakeholders evolves towards any ideal goal. Fang Y 
et al. [34] incorporated the idea of supply chain into the evolutionary game model. They found that the green investment input-output 
ratio of suppliers and manufacturers, or changes in government subsidies would lead to the development of the system to different 
development stability state strategy. The initial proportion of green investment can significantly affect the final evolution outcome. 
Yujuan Fang et al. [35] studied the fuel selection of urban heating systems. Taxes and subsidies can guide strategies to convert coal to 
electricity, so as to achieve the goal of energy clean-up. Moreover, the study also pointed out that through dynamic tax and subsidy 
instruments can shorten the time to strategic convergence. Tian Zhao et al. [36] studied the strategy selection and evolution of 
stakeholders in the context of carbon capture and carbon sequestration. Besides, he also analyzed the impact of the initial willingness 
of the subject on the evolution of equilibrium strategies. Mengjie You et al. [37] studied the strategy selection and evolution of 
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stakeholders in the inside safety supervision of coal enterprises. The study pointed out that in the case of static rewards and pun-
ishments, the proportion of unsafe behaviors can be reduced by increasing the rewards and punishments, but at the same time it 
increases the instability of the equilibrium. In contrast to the context of dynamic rewards and punishments, it is difficult to achieve a 
satisfactory equilibrium state. The article further points out that it is necessary to introduce external supervision, and simultaneously, 
differentiated punishment measures should be taken for regulators and miners. Hong Shen et al. [38] combined prospect theory and 
evolutionary games to study the recycling and disposal of dismantling waste in the construction industry. Additionally, the study 
pointed out factors such as initial strategy, production cost, technology, subsidies, and recycling benefits as well as the perception level 
of stakeholders, has a certain impact on the steady state. For cooperation between different subjects, it can be divided into horizontal 
vs. vertical, formal vs. informal, temporary vs. permanent; institutionalized vs. non-institutionalized and other different types [39]. Its 
new context with Chinese characteristics is an issue worthy of attention. Regarding research using evolutionary game methods, there 
have been numerous topics such as clean energy production, mining safety regulation, supply chains, and more. This phenomenon, 
from another perspective, confirms the power of evolutionary game model tools. However, it is worth noting that while some studies 
focus on the evolution of the initial choice intentions of agents (e.g., literature 34, 38), there are also some that do not consider the 
impact of initial choice intentions. This paper considers the influence of initial choice intentions within the framework of evolutionary 
game theory, aiming to discover how the initial attitudes of financial institutions, enterprises, and research institutions affect the 
overall evolution of the system. 

2.3. Research review 

From the analysis above, it can be seen that the existing marine economy related research has involved marine transformation and 
upgrading, marine solid waste recycling, marine supply chain, and marine economic development under the background of envi-
ronmental regulation. Regrettably, however, few literature has paid enough attention to this important issue of marine technological 
innovation. As far as the current reality is concerned, China has proposed a stage of high-quality development, but the quality of the 
current technological innovation achievements is still relatively poor. In the process of technological innovation, it is difficult for each 
subject to effectively coordinate, and the phenomenon of acting independently is relatively serious. Diversified technological research 
and development Collaborative models need to be established urgently. On the other hand, marine technological innovation is faced 
with serious financial shortfall problem and many other uncertain risks. In order to better understand the paths and new ways of 
marine technological innovation, this study intends to use a three-parties evolutionary game model to analyze the strategic choices and 
evolution of stakeholders to discover the decisive factors. Existing tripartite evolutionary game research has covered many topics, such 
as carbon capture and carbon sequestration, safety behavior of coal enterprises, fuel selection in heating systems, and new energy 
vehicles. These studies provide a good foundation and reference for the development of this paper. 

3. Theoretical models 

3.1. Problem description and research hypothesis 

Consider an evolutionary game model of financial cooperation in major marine technology research. Here, we mainly consider the 
strategy selection and evolution of three types of subjects: financial institutions, marine enterprises and academic research institutions. 
For financial institutions, they can choose whether to provide them with innovative loans based on the actual situation as well as the 
performance of marine enterprises and academic research institutions. At the same time, financial institutions need to monitor the use 
of these funds. For marine enterprises, whether to choose innovation needs to be comprehensively considered in combination with 
cost-benefit and their own actual operating conditions. For academic and research institutions, they can choose whether or not to 
cooperate with marine enterprises in innovation, but it is worth noting that when marine enterprises do not innovate, academic and 
research institutions can still use marine enterprises to help themselves realize the large-scale production and put the innovative 
patents or products to the market, such situation can exist. The former situation can be regarded as a kind of innovation cooperation in 
the category of technical research, and the latter can be regarded as a kind of innovation cooperation in the category of pure tech-
nology marketing promotion. 

Assumption 1. There are three main types of subjects in this game, financial institutions, marine enterprises and academic research 
institutions.Furthermore, all three are bounded rationality, which means they will make the most beneficial and self-determined 
decisions based on the information obtained. 

Assumption 2. The source of innovative funds for marine enterprises and academic research institutions can only be completed 
through financial institutions, regardless of the use of private capital or other sources of funds. In the process of major marine tech-
nological innovation, financial institutions obtain special loan funds for exclusive use and do not use them for other purposes. 

Assumption 3. Financial institutions will choose whether to disburse loans according to the cost of financial supervision and the 
credit level (such as repayment probability of marine enterprises and academic research institutions), as well as their operational 
status. Marine enterprises and academic research institutions will choose whether to accept loans according to the impact of other 
factors such as cost and benefit. The strategic combination of financial institutions is {provide loans, do not provide loans}, the 
strategic combination of marine enterprises is {innovate, not innovate}, and the strategic combination of academic research in-
stitutions is {cooperation, no cooperation}. Therefore, this paper contains 8 pure strategy combinations. It is assumed that the 
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decisions of each subjects are independent of each other. 

Assumption 4. In reality, when banks decide whether to provide financial loan support, they will consider and judge the qualifi-
cations plus past experiences of enterprises and research institutions comprehensively. Partnership can to some extent convey the 
"power" signal of enterprises and research institutions, which is due to the status of cultural factors with Chinese characteristics such as 
"guanxi" in commercial cooperation that cannot be ignored [40,41], and this effect usually manifests as a "synergistic" property [42, 
43]. Given this viewpoint, this article believes that the "cooperative relationship" between enterprises and research institutions can 
increase the probability of both parties obtaining financial support, which is actually an "implicit guarantee" relationship from the 
perspective of Chinese cultural background.The regulatory cost of banks is positively related to the amount of loans provided.That is, 
in the case of a larger amount loan, a larger regulatory cost is required. At the same time, when marine enterprises and academic 
research institutions cooperate, they form an "implicit guarantee relationship".Simultanously, the probability of obtaining a loan is 
much higher. When marine enterprises and academic research institutions carry out innovative cooperation, they will allocate loans 
according to a certain proportion. When only one party chooses to cooperate, they will each obtain loans from financial institutions 
from independent channels. 

Assumption 5. This paper defines the innovation cooperation between marine enterprises and academic research institutions into 
two categories, one is innovation cooperation in the type of technological breakthrough, and the other is cooperation in innovation- 
items marketing promotion. The former situation occurs in the strategic combination {Marine Enterprise innovate, academic research 
institutions cooperate}, the latter situation occurs in the case of strategic combination {marine enterprises do not innovate, academic 
research institutions cooperate}, when marine enterprises and academic research institutions carry out technological innovation 
cooperation, the academic research institutions do not need to provide marine enterprise pays the promotion fee. When the marine 
enterprise and the academic research institution carry out technology promotion cooperation, the academic research institution needs 
to pay a certain market promotion fee to the marine enterprise. 

3.2. Parameter setting 

The probabilities of financial institutions choosing “providing loans” and “not providing loans” are {x,1 − x} respectively; the 
probabilities of marine enterprises choosing “innovate” and “not innovate” are {y, 1 − y} respectively; the probabilities of academic 
research institutions choosing “cooperate” and “not cooperate” are {z,1 − z} respectively in turn, these three parameters are satis-
fied： 0 ≤ x ≤ 1,0 ≤ y ≤ 1,0 ≤ z ≤ 1, and these three parameters are time parameters. At the same time, the initial loan provision 
willingness of financial institutions is recorded as x0 , the initial cooperation willingness of marine enterprises is marked as y0, and the 
initial cooperation willingness of academic and research institutions is marked as z0 , and the parameters are also satisfied： x0,y0,z0 ∈

[0,1]. 
Based on the above analysis and assumptions, the parameter settings and definitions are summarized in Table 1 below. When the 

Table 1 
Main parameter settings and meanings.  

parameters meaning 

T0 When academic research institutions and marine enterprises do not cooperate, and marine enterprises do not innovate, the loans marine enterprises 
obtain 

T1 When the academic and research institutions do not cooperate and the marine enterprise chooses to innovate, the bank loan obtained by the marine 
enterprise 

T2 Loan amounts when academic research institutions and marine enterprises cooperate and marine enterprises choose to innovate 
T3 When academic research institutions choose to cooperate, but marine enterprises choose not to innovate, the share of loans that academic and 

research institutions can obtain 
T4 Bank loans obtained by academic research institutions when they do not cooperate and marine enterprises choose to innovate 
T5 When the academic research institution and the marine enterprise do not cooperate, and the marine enterprise does not innovate, the academic 

research institution obtains the loan 
T6 When the academic research institutions choose to cooperate, and the marine enterprise chooses not to innovate, the loan marine enterprise obtains 
K0 When academic research institutions choose to cooperate and marine enterprises choose not to innovate, the benefits obtained by academic research 

institutions 
K1 When marine enterprises and academic research institutions cooperate, the synergistic benefits obtained by marine enterprises 
K2 When marine enterprises and academic research institutions cooperate, the synergistic benefits obtained by marine enterprises 
C1 The cost of marine companies choosing innovation 
C2 The cost of marine companies choosing not to innovate 
E1 The basic benefits of marine enterprises when they choose innovation 
E2 Basic income when marine enterprises choose not to innovate 
H1 Basic income when marine enterprises choose not to innovate 
H2 Basic benefits obtained when academic institutions choose not to cooperate 
L1 Costs when institutions choose to cooperate 
L2 Costs when academic institutions choose not to cooperate 
γ The cost factor of the loan supervision of financial institutions to the loan amount 
F When academic research institutions choose to cooperate and marine enterprises choose not to innovate, the fees that academic research institutions 

need to pay to marine enterprises 
β Proportion of marine enterprise loans when academic research institutions cooperate with marine enterprises and marine enterprises innovate  
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marine enterprise chooses to innovate, the cost is C1 [44,45], and the basic benefit is E1. When the marine enterprise chooses not to 
innovate, the cost is C2, and the basic benefit is E2. When the institution chooses to cooperate, the cost is L1 , and the basic benefit 
obtained at this time is H1. When the institution chooses not to cooperate, the cost is L2, and the basic benefit that can be obtained at 
this time is H2. Taking into account the government’s policy support orientation for innovation, when the academic research insti-
tution does not cooperate, the bank loan obtained by the marine enterprise when it chooses to innovate is T1.When the academic 
research institutions choose to cooperate with marine enterprise，the latter can obtain T2, and there is T2 > T1.Some of the loans are 
allocated among marine enterprises and academic research institutions, of which marine enterprises account for β. When the academic 
research institutions choose to cooperate, but the marine enterprise chooses not to innovate, the share of the loans that the academic 
research institutions can obtain is T3 and there is T1 > T3. Financial institution’s supervision costs are γ multiples of the loan amount, 
and there is γ ∈ (0, 1). When marine enterprises and academic research institutions carry out cooperation, they will bring certain 
synergistic benefits to themselves, like K1,K2 respectively. When academic research institutes choose to cooperate and marine en-
terprises choose not to innovate, academic and research institutes can use marine enterprises to promote the market share their R&D 
results/products, which can also be regarded as a kind of cooperation [46,47]. At this time, the income obtained K0 by the academic 
esearch institutions is that the fees that need to be paid to the marine enterprises are F, the former cooperation can be regarded as a 
kind of "technological innovation" innovation cooperation, and the latter form is "Market-oriented Promotion of Technology R&D″ 
cooperation. 

The return matrix for the three entities is summarized in Table 2 below. 

3.3. Replicator dynamics equation 

According to the analysis above, we can get the expected return function of the financial institution choosing "to provide loans" and 
"not to provide loans", which can be recorded R11,R12 as follows: 

R11 = yz[(1 − γ)T2 ] + y(1 − z)[(1 − γ)(T1 + T4) ] + (1 − y)z[(1 − γ)(T3 + T6) ] + (1 − y)(1 − z)[(1 − γ)(T0 + T5) ]

= (1 − γ)[yzT2 + y(1 − z)(T1 + T4) + (1 − y)z(T3 + T6) + (1 − y)(1 − z)(T0 + T5) ]
(1)  

R12 = 0 (2) 

Then the average expected return of financial institutions is Rx: 

Rx = xR11 + (1 − x)R12 (3) 

The expected benefits of marine enterprises choosing "innovation" and "non-innovation" are recorded R21,R22 as follows: 

R21 = xz(βT2 +E1 − C1 +K1)+ x(1 − z)(T1 +E1 − C1)+ (1 − x)z(E1 − C1 +K1)+ (1 − x)(1 − z)(E1 − C1)

= E1 − C1 + zK1 + xz(βT2 − T1)+ xT1
(4)  

R22 = xz(E2 − C2 + T6 +F)+ x(1 − z)(E2 − C2 +T0)+ (1 − x)z(E2 − C2 +F)+ (1 − x)(1 − z)(E2 − C2)

= E2 − C2 + zF + xT0 + xz(T6 − T0)
(5) 

Then the average expected income of marine enterprises is Ry: 

Ry = yR21 + (1 − y)R22 (6) 

The expected benefits of “cooperation” and “non-cooperation” selected by academic and research institutions are recorded R31,R32 

as follows: 

R31 = xy[(1 − β)T2 + H1 − L1 + K2 ] + x(1 − y)(H1 − L1 + T3 + K0 − F) + (1 − x)y(H1 − L1 + K2) + (1 − x)(1 − y)(H1 − L1 + K0 − F)
= H1 − L1 + yK2 + (1 − y)(K0 − F) + xy[(1 − β)T2 − T3 ] + xT3

(7)  

R32 = xy(H2 − L2 + T4)+ x(1 − y)(H2 − L2 +T5)+ (1 − x)y(H2 − L2)+ (1 − x)(1 − y)(H2 − L2)

= H2 − L2 + xT5 + xy(T4 − T5)
(8) 

Table 2 
Tripartite evolutionary game benefits of marine economic collaborative innovation.  

Strategy mix Financial institution Marine enterprise Academic research institutions 

(offer, innovate, cooperate) (1 − γ)T2 βT2 + E1 − C1 + K1 (1 − β)T2 + H1 − L1 + K2 

(provide, innovate, not cooperate) (1 − γ)(T1 + T4) T1 + E1 − C1 H2 − L2 + T4 

(provide, not innovate, cooperate) (1 − γ)(T3 + T6) E2 − C2 + T6 + F H1 − L1 + T3 + K0 − F 
(provide, not innovate, not cooperate) (1 − γ)(T0 + T5) E2 − C2 + T0 H2 − L2 + T5 

(not provide, innovate, cooperate) 0 E1 − C1 + K1 H1 − L1 + K2 

(not provide, innovate, not cooperate) 0 E1 − C1 H2 − L2 

(not provide, not innovate, cooperate) 0 E2 − C2 + F H1 − L1 + K0 − F 
(not provide, not innovate, not cooperate) 0 E2 − C2 H2 − L2  
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Then the average expected return of academic institutions is Rz: 

Rz = zR31 + (1 − z)R32 (9) 

According to the idea of replicating dynamic equations in evolutionary game models, if the expected payoff of strategy is higher 
than the average, then the strategy will be retained and developed. Based on equations (1)–(9), we can obtain the replication dynamic 
equation of financial institutions, marine enterprises and academic research institutions is: 

G(x) =
dx
dt

= x(1 − x)(R11 − R12) = x(1 − x)
{

(1 − γ)
[
yzT2 + y(1 − z)(T1 + T4) + (1 − y)z(T3 + T6) + (1 − y)(1 − z)(T0 + T5)

]
}

(10)  

G(y) =
dy
dt

= y(1 − y)(R21 − R22) = y(1 − y)
{[

E1 − C1 − E2 + C2 + z(K1 − F) + xz(βT2 − T1 − T6 + T0) + x(T1 − T0)

]}

(11)  

G(z) =
dz
dt

= z(1 − z)(R31 − R32)

= z(1 − z)
{

H1 − L1 − H2 + L2 + yK2 + (1 − y)(K0 − F) + xy[(1 − β)T2 − T3 − T4 + T5 ] + x(T3 − T5)

}

(12)  

3.4. Evolutionary stability strategy solution and equilibrium point stability discrimination 

Let the above three replication dynamic equations (10)–(12) be 0, that is dx
dt =

dy
dt = dz

dt = 0, there are 8 pure strategy equilibrium 
points: R1(1,1, 1),R2(1,1, 0),R3(1,0, 0),R4(1,0, 1),R5(0,1, 0),R6(0,1, 1),R7(0,0, 1),R8(0,0, 0) . Solve the Jacobian matrix (The 
expression of the elements in the matrix is shown in formulas (13) - (21).)for the above replicated dynamic equation, we can obtain:  

J =

⎡

⎣
J11 J12 J13
J21 J22 J23
J31 J32 J33

⎤

⎦ =

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

∂G(x)
x

∂G(x)
y

∂G(x)
z

∂G(y)
x

∂G(y)
y

∂G(y)
z

∂G(z)
x

∂G(z)
y

∂G(z)
z

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

among them: 

J11 =(1 − 2x){(1 − γ)[yzT2 + y(1 − z)(T1 + T4)+ (1 − y)z(T3 + T6)+ (1 − y)(1 − z)(T0 + T5)]} (13)  

J12 = x(1 − x){(1 − γ)[zT2 +(1 − z)(T1 +T4) − z(T3 + T6) − (1 − z)(T0 +T5)]} (14)  

J13 = x(1 − x){(1 − γ)[yT2 − y(T1 + T4)+ (1 − y)(T3 +T6) − (1 − y)(T0 +T5)]} (15)  

J21 = y(1 − y){[z(βT2 − T1 − T6 + T0)+T1 − T0]} (16)  

J22 =(1 − 2y){[E1 − C1 − E2 +C2 + z(K1 − F)+ xz(βT2 − T1 − T6 +T0)+ x(T1 − T0)]} (17) 

Table 3 
Characteristic roots corresponding to equilibrium points and discrimination of stability.  

Equilibrium Characteristic root Stability judgment 

R1(1,1,1) λ11 = − (1 − γ)T2, λ12 = − (E1 − C1 − E2 + C2 + K1 − F + βT2 − T6),

λ13 = − [H1 − L1 − H2 + L2 + K2 + (1 − β)T2 + T4]

when λ12 < 0,λ13 < 0，ESS 

R2(1,1,0) λ21 = − (1 − γ)(T1 + T4), λ22 = − (E1 − C1 − E2 + C2 + T1 − T0)

λ23 = H1 − L1 − H2 + L2 + K2 + (1 − β)T2 + T4 

when λ22 < 0,λ23 < 0，ESS 

R3(1,0,0) λ31 = − (1 − γ)(T0 + T5), λ32 = E1 − C1 − E2 + C2 + T1 − T0
λ33 = H1 − L1 − H2 + L2 + K0 − F + T3 − T5 

when λ32 < 0,λ33 < 0，ESS 

R4(1,0,1) λ41 = − (1 − γ)(T3 + T6), λ42 = E1 − C1 − E2 + C2 + K1 − F + βT2 − T6
λ43 = − (H1 − L1 − H2 + L2 + K0 − F + T3 − T5)

when λ42 < 0,λ43 < 0，为ESS 

R5(0,1,0) λ51 = (1 − γ)(T1 + T4), λ52 = − (E1 − C1 − E2 + C2)

λ53 = H1 − L1 − H2 + L2 + K2 

λ51 > 0，unstable 

R6(0,1,1) λ61 = (1 − γ)T2, λ62 = − (E1 − C1 − E2 + C2 + K1 − F),
λ63 = − (H1 − L1 − H2 + L2 + K2)

λ61 > 0，unstable 

R7(0,0,1) λ71 = (1 − γ)(T3 + T6), λ72 = E1 − C1 − E2 + C2 + K1 − F
λ73 = − (H1 − L1 − H2 + L2 + K0 − F)

λ71 > 0，unstable 

R8(0,0,0) λ81 = (1 − γ)(T0 + T5), λ82 = E1 − C1 − E2 + C2
λ83 = H1 − L1 − H2 + L2 + K0 − F 

λ81 > 0，unstable  
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J23 = y(1 − y){[K1 − F + x(βT2 − T1 − T6 + T0)]} (18)  

J31 = z(1 − z){y[(1 − β)T2 − T3 − T4 + T5] +T3 − T5} (19)  

J32 = z(1 − z){K2 − (K0 − F)+ x[(1 − β)T2 − T3 − T4 +T5]} (20)  

J33 =(1 − 2z){H1 − L1 − H2 + L2 + yK2 +(1 − y)(K0 − F)+ xy[(1 − β)T2 − T3 − T4 +T5] + x(T3 − T5)} (21) 

The eigenvalue corresponding to the equilibrium point can be obtained from the above matrix, and the corresponding results are 
summarized as shown in Table 3 below. 

3.4.1. Situation R1(1,1,1) 
If R1 is an evolutionary stable point, the inequality conditions that need to be satisfied are: E1 − C1 − E2 + C2 + K1 − F + βT2 −

T6 > 0 , and H1 − L1 − H2 + L2 + K2 + (1 − β)T2 + T4 > 0, at this time, there are expected benefits of marine enterprises choosing 
cooperative innovation (the first part of the former formula is the basic net income, and the second half is the net income of cooperative 
innovation.) is greater than the cost of choosing not to innovate. For academic research institutions, the expected benefit of choosing 
cooperative innovation is greater than the cost of choosing not to innovate. At this time, the system reaches the ideal state of win-win- 
win, and evolves towards the strategy combination (provide, cooperate, cooperae). 

3.4.2. Situation R2(1,1,0) 
If R2 is an evolutionary stable point, the inequality conditions that need to be satisfied are: E1 − C1 − E2 + C2 + T1 − T0 > 0 and 

H1 − L1 − H2 + L2 + K2 + (1 − β)T2 + T4 < 0, at this time, the expected benefit of marine enterprises choosing cooperative innovation 
is greater than the cost of non-cooperative innovation, while the expected benefit of academic research institutions choosing coop-
erative innovation is less than that of non-cooperative innovation cost. At this point the system will evolve towards a strategy com-
bination (provide, cooperate, not cooperate). At this time, marine enterprises choose to carry out technological innovation research 
and development activities through cooperation between enterprises or cooperation with other supply chain members. 

3.4.3. Situation R3(1,0,0) 
If R3 is an evolutionary stable point, the inequality conditions that need to be satisfied are: E1 − C1 − E2 + C2 + T1 − T0 < 0, and 

H1 − L1 − H2 + L2 + K0 − F+ T3 − T5 < 0. At this time, the net income of marine enterprises and academic research institutions 
choosing cooperative innovation is less than 0. At this time, the system will evolve towards a strategic combination (provide, not 
cooperate, not cooperate). At this time, although financial institutions provided loans, marine enterprises and academic research 
institutions chose to "follow their own agendas" and conduct R&D activities independently, which is consistent with the current 
innovation status of marine enterprises. 

3.4.4. Situation R4(1,0,1) 
If R4 is an evolutionary stable point, the inequality conditions that need to be satisfied are: E1 − C1 − E2 + C2 + K1 − F + βT2 −

T6 < 0 , and H1 − L1 − H2 + L2 + K0 − F+ T3 − T5 > 0. At this time, the net income of marine enterprises choosing cooperative 
research and development is less than 0, while the net income of academic research institutions choosing cooperative research and 
development is greater than 0. At this time, the system will evolve towards (provide, not cooperate, cooperate). At this time, marine 
enterprises and academic research institutions carry out technological innovation respectively, but the process of marketization of 
technological achievements by academic research institutions realized and completed with the help of marine enterprises. 

4. Numerical analysis and discussion 

In September 2022, BlueSurvey (Qingdao) Ocean Technology Co., Ltd.’s "Exploration Sea Needle Project" emerged as an 
outstanding example of technological innovation contributing to the construction of a maritime powerhouse. The "Exploration Sea 
Needle" series is a set of high-end marine equipment developed by the company’s team（Some team members are from universities 
and other research institutions）with completely independent intellectual property rights. Its appearance resembles a round 
acupuncture needle, but the similarities go beyond just the external shape. In terms of functionality, while the round acupuncture 
needle acts on the skin and muscles during acupuncture, the "Exploration Sea Needle" functions in the process of entering the sea, 
specifically targeting the mechanism of sediment layers. In marine geotechnical surveys, this "round acupuncture needle" is inserted 
into the seabed to explore surface sediment layers. Great achievements start with attention to detail. In 2015, the team initiated market 
research for marine engineering surveys. Serving technology to meet demands, the project team continuously refined technical so-
lutions through ongoing market research. Simultaneously, they emphasized the practical application of technological achievements, 
creating a closed-loop development for the entire project. In September 2022, the "Exploration Sea Needle" project landed in the 
Qingdao National University Science and Technology Park, giving rise to the establishment of "BlueSurvey (Qingdao) Ocean Tech-
nology Co., Ltd." Over the past year, the project has received considerable attention and support from the government departments in 
the high-tech zone and the park where it is located. This support includes providing facilities and policies for project development. 
Initiatives like "Tide Star" (Qingdao High-tech Zone) have organized multiple business networking events and industry achievement 
docking meetings, assisting companies in expanding their cooperation channels. Throughout the research and development innovation 
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process of the entire project, there has been significant public relations for the technology. Simultaneously, attention has been given to 
the practical application and commercialization of technological achievements. BlueSurvey (Qingdao) Ocean Technology Co., Ltd. has 
provided real-world evidence supporting our theoretical model. In order to more intuitively find the influence of different parameters 
on the evolution system, this section uses numerical simulations to furtherly analize the above model. Referring to the real-world 
context. and previous research [48–54], this paper makes: C1 = 3,C2 = 2,T0 = 2,T1 = 2,T2 = 10,T3 = 4,T4 = 4,T5 = 5,T6 =

6,K0 = 1,K1 = 2,K2 = 3,E1 = 2,E2 = 1,H1 = 1,H2 = 0.5,L1 = 2,L2 = 1,γ = 0.02,F = 1.5,β = 0.6. Brief explanation for parameter 
selection is as follows: Considering the various uncertainties that can impact the collaboration process in reality, a value slightly 
greater than the basic benefit parameter is chosen for the cost parameter. This allows focusing the system evolution on the perspective 
of our main interest, which is the financing collaboration and guarantee relationships. Additionally, in general, in 
industry-academia-research collaborations, the share of profits for enterprises is often higher than the other two parties. In cases where 
the enterprise takes on the role of marketing in market-oriented promotion scenarios, the costs for research institutions are typically 
smaller. Unfortunately, due to different industry conventions and the strong confidentiality of many commercial data in reality, it is 
challenging to obtain reference to real data in the simulation part. This paper mainly analyzes the evolution from two perspectives: (1) 
the strategy selection and evolution of the three subjects in the case of different initial willingness to choose different strategies; (2) the 
impact of changes in the benefit and cost parameters on the evolution of equilibrium results. 

4.1. The impact of changes in financial institution regulatory cost coefficients on equilibrium evolution 

As can be seen from the above Fig. 1, with the increase of the regulatory cost coefficient of financial institutions, both academic 
research institutions and marine enterprises tend to choose cooperative innovation, while financial institutions tend to choose to 
provide loans when the regulatory cost coefficient is low. In most cases (meaning that all the provided loans have become sunk costs), 
the initial willingness will remain unchanged, which is consistent with the current actual situation. Many good innovative projects 
cannot be financed. Due to information asymmetry, there is a "wait-and-see situation" for projects on the market. 

4.2. The impact of changes in the loan allocation ratio of marine enterprises on the equilibrium evolution 

It can be seen from the above Fig. 2 that when the proportion of loans occupied by marine enterprises is relatively low, the strategic 
choices of the three subjects are not affected by the initial willingness, but when the proportion of loans occupied by marine enterprises 
increases to a medium level, the strategic choices of financial institutions are not affected. But in the case of low initial choice will-
ingness, neither academic institutions nor marine enterprises converged to strategy 1. When marine enterprises occupy a relatively 
high proportion of loans, the strategies of marine enterprises and academic research institutions quickly converge to 0 regardless of the 
initial selection willingness. Simultanously, marine enterprises choose not to innovate, and academic research institutions choose not 
to cooperate. The reasons for this are worth thinking about. With the increase in the proportion of loans occupied by marine enter-
prises, the willingness of academic and research institutions to carry out innovation cooperation gradually decreases. At this time, it is 
a better choice to carry out pure technology promotion cooperation or "Let me alone". Synergy benefits are not very attractive. When 
the proportion of loans occupied by marine enterprises gradually increases to a high level, eventually academic research institutions 
and marine enterprises will gradually abandon the "cooperative R&D strategy". 

4.3. The impact of changes in the income of academic research institutions and marine enterprises on the equilibrium of purely market- 
oriented promotion cooperation 

As can be seen from the above Fig. 3, when the income of market promotion is relatively low, the strategies of the three main parties 
tend to evolve towards the ideal state (provide, innovate, cooperate). When the willingness of marine enterprises and academic 
research institutions to cooperate is relatively low, academic research institutions tend to choose not to cooperate, which only carry 

Fig. 1. The impact of changes in the regulatory cost coefficient of financial institutions on the evolution of equilibrium.  
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out marketization/invovation promotion of achievements through marine enterprises. However, when the willingness of the two to 
collaborative innovation is relatively high, the three still evolve towards the ideal state of tripartite cooperation. The management 
implication here is that when the willingness of each parties to cooperate is low, only market-oriented cooperation can become an 
effective supplement to traditional cooperation, which is helpful for realizing the ultimate goal of marine technology innovation. 

4.4. The impact of changes in synergistic benefits on equilibrium evolution 

As can be seen from the above Fig. 4, with the increase of synergistic benefits, the strategy choices of the three do not change, and 
this result is not affected by the initial willingness. 

4.5. The impact of changes in the underlying income of the main body on the equilibrium evolution 

As can be seen from Fig. 5 below, with the increase of the basic income of marine enterprises innovate, when the basic income of 

Fig. 2. The impact of changes in the loan allocation ratio of marine enterprises on the evolution of equilibrium.  

Fig. 3. The impact of changes in the benefits of purely market-oriented promotion cooperation between academic research institutions and marine 
enterprises on the equilibrium. 

Fig. 4. The impact of changes in the synergistic benefits of cooperative innovation between marine enterprises and academic-research institutions 
on equilibrium evolution. 
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innovation is low, marine enterprises and academic research institutions will choose to converge to (not innovate, not cooperate), The 
conditions that need to be satisfied simultaneously are the low initial willingness. However, with the increase of the basic income of 
innovation, the three will eventually converge to a win-win synergy state (provide, innovate, cooperate), and the results will not be 
affected by the initial selection willingness. In this scenario, the equilibrium state will transfer from (1, 0,0) to (1,1,1). With the in-
crease of the basic income of choosing not to innovate, when the basic income of non-innovation is low, marine enterprises will choose 
to gradually converge to the vicinity of the initial value with a relatively low initial willingness. Moreover, as the basic income of non- 
innovation increases, the initial willingness of marine enterprises will converge to 0, and only in the case of a very high initial will-
ingness will it converge to a state of win-win-win (1, 1, 1). In other words, the basic benefits of no innovation when it is relatively high, 
it is difficult for the system to achieve a state of multi-parties’ win-win-win cooperation. Without innovation and independent 
governance, it will become a "locked state", which is consistent with the current situation in China. 

As the basic benefits of the cooperation chosen by the academic research institutions increase, the strategy of the academic research 
institutions will gradually change from non-cooperation at the beginning to cooperation. At this time, the system evolves from (1,0,0) 
to (1,1,1). 

4.6. Discussion 

From the above analysis, it can be seen that the increase of the regulatory cost coefficient of financial institutions can promote 
academic research institutions and marine enterprises to choose cooperative innovation strategies. Furthermore, the willingness of 
financial institutions to provide loans is higher when the cost is relatively low. Cost has always been one of the crucial factors in the 
related studies of evolutionary games. For example, literature [55–57] clearly points out that cost can significantly affect the strategic 
choice and evolution of relevant stakeholders. In reality, financial institutions are more reluctant to lend because of asymmetric in-
formation. Although the model in this paper does not strictly subdivide the ownership types of marine enterprises, some empirical 

Fig. 5. The impact of changes in underlying returns on equilibrium evolution.  
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studies point out [58] that for state-owned enterprises and private enterprises, it is easier for the subject to obtain loans from financial 
institutions. Benefits and costs are like two sides of the same coin. There are certain costs that can significantly affect the strategic 
choice and evolution of the subject, and it is self-evident that certain revenue factors can achieve the same effect. It is found in this 
paper that the changes of the basic returns of the three parties can significantly affect the strategy selection and evolution. When 
financial institutions provide financial support, the lower the basic returns of innovation, the more likely marine enterprises and 
research institutions choose not to cooperate. As we all know, there is a high risk of failure in innovation, which leads to a high risk of 
failure in debt, so policy makers are usually cautious when it comes to innovation cooperation. Hence, it’s not unexpected that the 
fundamental income from innovation plays a substantial role in influencing the strategic decisions and evolution of pertinent stake-
holders. Unfortunately, predicting the income from cooperative innovation in advance is challenging. Moreover, the initial choice 
intentions of the three parties significantly impact the ultimate evolutionary outcome. When the initial willingness for cooperation 
strategy is relatively low, the likelihood of the three parties opting for cooperation diminishes. Consequently, they are more prone to 
end up in an undesirable "locked state." This aligns with the present scenario of insufficient innovation collaboration between Chinese 
domestic marine enterprises and research institutes. 

In addition, the allocation ratio after applying for loans is also an Indispensable factor worth paying attention. When carrying out 
innovation cooperation, if the proportion of marine enterprises is relatively high, the cooperation willingness of academic research 
institutions will be reduced. At this time, compared with the benefits of cooperation, determined benefits such as loans or "capital 
control rights" seem to become more attractive. Some literatures also point out that the "myopic" behavior of relevant stakeholders will 
affect the willingness to cooperate [59]. At this time, pure technology marketization promotion cooperation is more likely to be 
adopted. When the loan amount occupied by marine enterprises increases to a certain extent, both academic research institutions and 
marine enterprises will abandon the cooperation strategy and return to the state of "let me alone". When Marine enterprises and 
research institutions only carry out market-oriented promotion cooperation without R&D cooperation, the strategy evolution of the 
three parties will be significantly affected by the benefits of market-oriented promotion cooperation, and with the increase of such 
benefits, the cooperation willingness of Marine enterprises and research institutions will be enhanced. Finding from a comparing 
previous studies with the discovery of this paper is novel, the past study only from the angle of "dichotomy" to discuss the main body of 
cooperation or not, this study will open the "black box" of cooperation, to explore the middle of the cooperation fields and not 
cooperation in previous views-a step backwards in the form of cooperation. The above example has found that the parameter con-
ditions of the cooperation are weaker than that of the complete cooperation, which is a pleasant finding. At the same time, the 
management implication of the explanation lies in that the market-oriented cooperation only can be used as a supplement to the 
traditional cooperation form, and it is easier to realize in practice. 

5. Conclusions and implications 

With the further acceleration of the economic process, the central government proposed a high-quality development strategy for 
the marine economy in 2021, which puts forward new requirements for the adjustment of the marine economy and the upgrading of 
the industrial structure. The development of the marine economy with technological innovation is the only way to develop the marine 
economy in the future. After tortuous and difficult exploration and development, China’s marine science and technology work has 
entered a new stage of "qualitative breakthrough" from the stage of "quantitative accumulation". Although great achievements have 
been made in the development of marine science and technology across the country, there is still a gap in the awareness and ability of 
scientific and technological innovation. Marine independent innovation, especially primitive innovation needs to be strengthened. 

To explore the pathways and mechanisms of technological innovation in the marine sector, this study innovatively categorizes 
industry-university-research collaboration in the marine economy into traditional innovative R&D cooperation and pure market- 
driven promotion. Employing a tripartite evolutionary game model, we investigate the strategic decisions of financial institutions, 
marine enterprises, and academic-research institutions. Our findings reveal that the actions of financial institutions and marine en-
terprises are influenced by the initial willingness of participants. When the basic benefits of cooperation and innovation between 
academic research institutions and marine enterprises are higher, the system reaches an evolutionary stable state more rapidly. 
Moreover, pure market-oriented innovation promotion is anticipated to serve as a complementary approach to traditional cooperative 
innovation. As the basic income of marine enterprises opting for innovation increases, and especially when the basic income of 
innovation is low, marine enterprises and academic research institutions tend to converge towards a state of not innovating and not 
cooperating when the initial willingness is low. Eventually, they converge to a win-win-win synergy state (provide, innovate, and 
cooperate), unaffected by the initial willingness to choose. During this phase, the equilibrium state shifts from (1,0,0) to (1,1,1). 
Conversely, with an increase in the basic income of choosing not to innovate, marine enterprises gradually converge towards the 
vicinity of the initial value when the initial choice willingness is relatively low. However, as the basic income of non-innovation rises, 
the initial willingness of marine enterprises converges to 0, reaching a win-win-win state (1, 1, 1) only in cases of very high initial 
willingness. This illustrates that when the basic benefits of not innovating are relatively high, achieving multi-party cooperation and a 
win-win-win state becomes challenging for the system. The state of no innovation and independent governance consequently becomes 
a "locked state." 

From the above results, the following policy implications can be drawn: ①First, when the basic benefits of innovation increase, it is 
conducive to achieving a win-win-win situation of collaborative innovation among the three parties. Major technological break-
throughs can bring about a great increase in basic benefits. This puts forward higher requirements on the innovation quality of marine 
enterprises and academic research institutions. For major technological breakthroughs and achievements in other fields, we must dare 
to break the blank and not stuck in a rut; ②Secondly, when marine enterprises and academic research institutions carry out 
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technological innovation when the initial willingness to cooperate is relatively low, it is possible to simply carry out cooperative 
innovations such as technology promotion. At the beginning, both parties may not be familiar enough with each other. At this time, this 
process can be used as a foreshadowing and transition process, laying the foundation for further in-depth cooperation. ③Thirdly, 
financial institutions can flexibly conduct risk review in the lending process. In the process of cooperative innovation and R&D, if there 
are many participants, risk sharing can be carried out among multiple entities, and these entities guarantee each other. The success rate 
of obtaining the loan can be increased. 

Of course, there are still some shortcomings in this paper. First, the selection of simulation parameters in this paper lacks the 
support of real data. In the future, different means can be used to provide more empirical evidence for the research results of this paper. 
Secondly, in addition to pure technical promotion cooperation additionally, there may be other flexible cooperation means, which 
need to be further explored and studied. Finally, the development of digital technology will play an increasingly crucial role in the 
future of the marine economy. Exploring related research in the field of digital economics will be an intriguing direction. Last but not 
least, We have not developed the latest software that applies new methods. Future research could delve deeper into this aspect and 
potentially lead to market implementation. 
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