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How do heterogeneous environmental regulations affect the 1 

sustainable development of marine green economy? Empirical 2 

evidence from China’s coastal areas 3 

Abstract 4 

Under the dual constraints of environment and resources, it is imperative for China 5 

to achieve sustainable development of its marine economy through establishing 6 

effective mechanism and intensifying environmental regulation to promote green 7 

transformation of the marine economy. By incorporating both marine economic 8 

development factors and environmental pollution factors into the marine green 9 

economy development evaluation system, this study measures the marine green 10 

economic efficiency (MGEE) in China. On this basis, the dynamic panel smoothed 11 

transition regression model is used to analyze the nonlinear effect and transition 12 

mechanisms between environmental regulation and marine green economic efficiency, 13 

and the heterogeneous effects of market-based and command-and-control 14 

environmental regulation tools are examined by distinguishing the forms of 15 

environmental regulation as well as regional development differences. The findings are 16 

as follows: ①under the setting of different transition variables, both market-based 17 

environmental regulation (MER) and command-and-control environmental regulation 18 

(CER) exhibit a non-linear relationship with MGEE during the transition between the 19 

high regime and the low regime. ②Both CER and MER contribute positively to the 20 
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advancement of MGEE after exceeding certain thresholds through changes in the 21 

marine industry structure (MIS) and marine technology innovation (MTI). The driving 22 

impact of CER is noticeably stronger than that of MER after the threshold of MIS is 23 

exceeded, whereas the driving effect of MER is stronger after the threshold of MTI is 24 

exceeded. ③When foreign direct investment (FDI) is considered as the transition 25 

variable, CER consistently inhibits the growth of MGEE, however, MER's impact 26 

progressively changes from negative to positive with FDI surpassing the threshold. 27 

Keywords: Heterogeneous environmental regulations; Marine green economic 28 

efficiency; Sustainable development; PSTR model; Nonlinear effects 29 

1. Introduction 30 

China's coastal areas have pioneered the country's reform and opening up, 31 

witnessing the rapid growth over the last two decades in the marine economy thanks to 32 

the resource and demographic dividends [1] and the technological spillover effect 33 

brought by rising foreign direct investment (FDI) [2]. China's gross ocean product 34 

(GOP) increased from US$50 billion in 2000 to US$1,296 billion in 2019, accounting 35 

for 17.1% of the GDP of the coastal areas (Fig. 1). However, the speed with which the 36 

marine economy has developed and the surge in human activities have inevitably 37 

caused severe marine environmental pollution [3] and substantial economic losses [4]. 38 

In the meanwhile, high investment, resource consumption, and pollution have 39 

significantly limited the potential development of the marine economy. It has become 40 

evident that the need for coordinated regional marine economic development and 41 

rationalization of the marine industrial structure is very urgent [5]. In this context, it has 42 

become crucial to explore a sustainable development mode of the marine economy with 43 

an aim to preserve the regional environment and ensure future prosperity. 44 

Previous studies on the sustainable development of marine economy have mainly 45 
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focused on two perspectives, that is, the "carrying capacity", e.g. marine ecological and 46 

economic carrying capacity [6-8], and "efficiency" [12]. The former category of studies 47 

has concentrated on measuring the current state of marine economic development in 48 

the study areas by incorporating economic development and marine resource utilization 49 

into the research framework. In contrast, scholars of the latter emphasized that efficient 50 

utilization of high input factors is conducive to mitigating the conflict between 51 

protection of environmental resources and rapid economic development [9,10]. 52 

However, improvements in economic efficiency have not been matched by dramatic 53 

reductions in pollution. It is because when those scholars estimated the performance of 54 

economic development, they largely failed to consider environmental factors, which led 55 

to overestimated values, thus distorting the evaluation of economic performance [11]. 56 

In addition, numerous scholars have explored the changes in marine economic 57 

efficiency and total factor productivity under environmental constraints [12,13]. 58 

Nonetheless, only adding one or several surrogate variables of environmental pollution 59 

into the calculation cannot fully measure the impact. In particular, existing research 60 

focuses on traditional economic efficiency and does not pay sufficient attention to 61 

"Green Economic Efficiency (GEE)" [14], which combines the cost of resource input 62 

and environmental loss with economic growth [15]. In the report of China’s 19th 63 

National Congress of the Communist Party, the government was explicit in its objective 64 

to "promote green development" and "accelerate the construction of a marine power 65 

and insist on protecting the marine ecological environment". This acknowledges the 66 

unsustainable nature of China's traditional GDP-oriented economic development mode 67 

and emphasizes that the development quality will inform the direction of measuring 68 

sustainable economic development in the future [16]. As the core of green development, 69 

green economic efficiency represents the quality of economic development [15]. 70 

Therefore, under the dual constraints of resources and environment, there is an urgent 71 

need to re-examine the development of marine economy from the perspective of green 72 

economic efficiency. 73 

In addition, due to the externality of environmental problems and the opportunism 74 

of microeconomic entities, only relying on market mechanisms cannot achieve 75 
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environmental protection [17], let alone effectively promote green economic efficiency. 76 

As an effective measure to solve market failure and realize environmental protection 77 

[18], the importance of environmental regulation is evident. Although the role of 78 

environmental regulation in improving the environment has long been recognized in 79 

academia, its consequent economic impact has been considerably debated [19,20]. 80 

Essentially, there are two viewpoints: "win-win" and "zero-sum". Proponents of the 81 

"win-win" perspective argue that environmental regulation can stimulate innovation, 82 

offset environmental compliance costs, and improve the competitiveness of businesses 83 

[21-23]. Stringent policies will create a win-win situation between industrial 84 

development and energy conservation [24]. However, it cannot be verified in all 85 

industries and study areas. There are even different conclusions that it can promote 86 

innovation in advantageous industries and inhibit innovation in disadvantaged regions 87 

(industries) [25]. On the other hand, those who support "zero-sum" believe that it is 88 

challenging to balance the interests of enterprises and society, and the increased cost 89 

burden on enterprises due to environmental regulations will create new constraints on 90 

production performance and ultimately affect regional economic development [26,27]. 91 

The economic effects of environmental regulation have been discussed in detail from 92 

the perspectives of "compliance costs" and "innovation compensation", but the 93 

inconsistency in the direction and intensity of environmental policy implementation and 94 

the gradient differences in regional development characteristics have not been 95 

considered. Since the tax sharing system reform, local governments have gained a 96 

certain degree of economic and financial autonomy and greater flexibility in 97 

implementing environmental regulations [28], which has also led to unfavorable 98 

competition in environmental regulations to maintain local economic growth [29]. 99 

Some scholars have confirmed that local governments may adopt a "race to the bottom 100 

" or "race to the top" differentiated strategy for heterogeneous environmental 101 

regulations according to different competitive motivations, which will further affect 102 

foreign direct investment entry decisions [30] and regional industrial layout [31,32]. In 103 

the meantime, the inconsistency of environmental regulations will also lead to the cross-104 

regional transfer of polluting industries [33,34], which will seriously affect the regional 105 



5 
 

economic operation and industrial structure adjustment. As far as the marine field is 106 

concerned, there are large differences in marine resource endowments, marine policies 107 

and technical levels between regions, resulting in an imbalance in the spatial 108 

distribution of marine industries, which in turn leads to significant differences in marine 109 

industry structures [35]. More importantly, compared with the development of the land 110 

economy, the marine economy is more open and competitive, with more prominent 111 

technology spillover effects, and is easily affected by the advanced technologies and 112 

experience of other marine countries [2]. Considering differences in marine economic 113 

development between regions, the impact of environmental regulation on marine green 114 

economic efficiency is complex, and the relationship between them cannot be simply 115 

described as a linear positive or negative impact, and moreover there may be even a 116 

nonlinear relationship. Therefore, it is necessary to conduct an in-depth analysis of the 117 

impact of environmental regulation on the marine economy on the basis of fully 118 

considering regional differences in marine industrial structure, FDI intensity and marine 119 

innovation capacities. 120 

China's "Announcement on the Status of Ecological Environment in 2018" stated 121 

that the newly established Ministry of Ecology and Environment would uniformly 122 

exercise the responsibilities of ecological pollution discharge supervision and 123 

administrative law enforcement, which means enterprises will face stricter 124 

environmental supervision in the future. In this context, it is crucial to address the 125 

relationship between environmental regulation and marine economic growth. Therefore, 126 

this study aims to understand better the impact of heterogeneous environmental 127 

regulation on marine green economic efficiency, which has both theoretical and 128 

practical significance.  129 

The contributions of this paper are as follows: First, unlike the previous studies, 130 

this paper incorporates green factors into the consideration of marine economy to 131 

explore the relationship between environmental regulation and marine green economic 132 

efficiency. Second, this paper distinguishes the heterogeneous non-linear effects of two 133 

environmental regulation tools on marine green economic efficiency, and adopts a 134 

dynamic panel smoothed transition regression model, which ensures the reliability of 135 
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the research results compared with linear studies and other threshold regression 136 

methods. Finally, based on the regional differences of marine industrial structure, FDI 137 

intensity and marine innovation capacity, this paper conducts an in-depth analysis of 138 

the internal mechanism of the nonlinear impact of environmental regulation on marine 139 

green economic efficiency under the influence of different threshold variables. 140 

The remaining of the paper is organized as follows: Section 2 analyses the 141 

mechanism of environmental regulation affecting the marine green economy; Section 142 

3 explains the setting of the empirical model, indicator selection, and data sources; 143 

Section 4 and Section 5 present results and discussion, respectively. Finally, Section 6 144 

draws conclusions with policy implications for China. 145 

 146 

Fig. 1. Gross Ocean Product (GOP) of China from 2000 to 2020. 147 

2. The mechanism of heterogeneous environmental regulations on 148 

marine green economy  149 

The goal of environmental regulation serving marine economic growth and its 150 

impact on marine economic performance has recently been widely discussed. Two main 151 

environmental regulation instruments, command-and-control environmental regulation 152 

and market-based environmental regulation, play an increasingly important role in 153 

China. Command-and-control environmental regulation refers to the issuance of 154 

regulations or orders by environmental authorities that require emitters to take actions 155 
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to achieve environmental goals. Management then rewards or penalizes emitters based 156 

on whether they meet their targets [36]. The restriction requires enterprises to 157 

implement strict environmental regulation measures, and enterprises or organizations 158 

can only passively accept them, and violations will be punished. Market-based 159 

environmental regulations are an economic tool that reduces social pollution control 160 

costs by effectively allocating pollution reductions, pollution control project 161 

investments, and financial subsidies among emitters according to the "polluter pays" 162 

principle [37]. These approaches allow economic agents to take action based on their 163 

own circumstances and can effectively incentivize businesses to adopt appropriate 164 

pollution control processes. Combining the previous mainstream views, this study 165 

attempts to explain the impact mechanism of heterogeneous environmental regulations 166 

on the marine green economy from the perspectives of "cost losses" and "benefits 167 

compensation". The impact path is illustrated in Fig. 2. 168 

Environmental costs: One of the direct effects of environmental regulations is to 169 

increase the "environmental compliance costs"1 of marine companies in the short term 170 

[38]. These additional costs will not only compress the profit margins of enterprises, 171 

but also impose new constraints on the expansion and reproduction of enterprises [39]. 172 

In addition, affected by environmental regulations, some raw materials or scarce 173 

resources used for production may be further regulated, and the resulting costs also need 174 

to be borne by enterprises. For example, implementing a fishing ban forces each fishing 175 

unit to bear the additional cost of rising raw material prices or finding alternatives to 176 

raw materials during the ban. The increase in the cost burden of enterprises will 177 

inevitably affect their production, operation and sales [27], which is not conducive to 178 

industrial development and the growth of marine green economy. Another effect of 179 

increased environmental costs is the "crowding-out effect". First, the funds originally 180 

used by enterprises for technology research and development in the short term will be 181 

diverted, which may lead to a decline in the future competitiveness of enterprises [40]. 182 

                                                             
1 Environmental compliance costs are the extra costs paid for the consumption of resources and the 
discharge of pollutants. 
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Secondly, the existence of policy constraints and environmental protection compliance 183 

costs have raised the market access threshold, making it difficult for some small and 184 

medium-sized enterprises to enter, which is not conducive to competition. Some 185 

mandatory environmental policies will also make high-polluting enterprises avoid 186 

environmental costs by changing their existing production strategies, such as stopping 187 

polluting projects, relocating or even withdrawing from the market [41]. At the same 188 

time, the increased regulation of the marine environment may lead to the withdrawal of 189 

foreign direct investment (FDI) [42]. There is no doubt that the cross-regional migration 190 

of polluting industries and the withdrawal of FDI will adversely affect the output and 191 

competitiveness of the regional marine green economy in the short term.  192 

Benefit compensation: In the long run, the implementation of marine 193 

environmental regulations positively effects the growth of the marine green economy. 194 

Implementing strict environmental regulations can reduce pollution emissions, and at 195 

the same time may reduce the demand for fossil energy and increase the supply of new 196 

energy, thereby improving environmental quality and positively affecting the 197 

development of marine green economy [43]. Furthermore, environmental costs and 198 

emissions restrictions are not always bad for business. Governmental pollution control 199 

measures combined with R&D subsidy policies can incentive companies to optimize 200 

resource allocation, improve energy efficiency and productivity through clean 201 

technology innovation, and transform without sacrificing economic growth [44,45]. 202 

Meanwhile, the diffusion of advanced production technology and green environmental 203 

protection technology among enterprises will significantly enhance the regional marine 204 

industry’s competitiveness, and ultimately positively impact marine green economic 205 

efficiency. In addition, environmental regulations also play an active role in regulating 206 

the upgrading of the marine industry structure and optimizing the direction of FDI [46]. 207 

In addition to the above discussion, differences in regional development stages, 208 

especially differences in technological basis and industrial structure, may also affect the 209 

actual performance of the economic effects of environmental regulations. On the one 210 

hand, the secondary sector is the primary source of pollution emissions. When the 211 

proportion of the marine tertiary industry is higher than that of the secondary industry, 212 
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the environmental burden is smaller. Therefore, the cost of environmental compliance 213 

will change with the adjustment of the marine industry structure [35]. On the other hand, 214 

upgrading pollution control technology and improving enterprise efficiency are 215 

inseparable from technological innovation, and the development and promotion of new 216 

technologies must be rooted in the regional technology foundation [17]. Therefore, the 217 

innovation compensation benefits brought by environmental regulation vary with the 218 

actual level of marine technological innovation. At the same time, FDI can also bring 219 

certain innovation compensation benefits to the development of regional marine 220 

economy through the technological spillover effects. However, capital is profit-seeking, 221 

and the scale and industrial preference of FDI is affected by the stage of regional 222 

development [2].  223 

In short, the direction and extent of the impact of environmental regulation on 224 

marine green economic efficiency largely depends on the relative cost loss and benefit 225 

compensation, while the actual impact will be strongly affected by the evolution of 226 

factors such as regional technological innovation capabilities, FDI intensity and 227 

industrial structure adjustment. Therefore, the impact of environmental regulation on 228 

the marine green economy cannot be simply described by linear positive or negative, 229 

and there may also be nonlinear effects. Based on the above, the first and second 230 

hypotheses are stated as follows. 231 

H1: Environmental regulations have a nonlinear impact on marine green economic 232 

efficiency. 233 

H2: The impact of environmental regulation on the marine green economic 234 

efficiency varies with the evolution of the marine technological innovation level, FDI 235 

intensity and industrial structure. 236 

In addition, with the deepening of research, many scholars have found that there 237 

are significant differences in the economic effects of different types of environmental 238 

regulations [27]. Although they can all affect the development of marine green economy 239 

from the aspects of "cost losses" and "benefit compensation", the actual effects of 240 

different environmental regulations on the marine green economic efficiency may be 241 

different due to the influence of regulatory costs, enterprise preferences, enforcement 242 
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standards, supervision and punishment, and scope of application. As a result, the 243 

following third hypothesis is formulated. 244 

H3: Different types of environmental regulations have different effects on marine 245 

green economic efficiency.  246 

Marine green 
economic efficiency

Investment crowding losses

Environmental 
improvement benefits

Innovation offset benefits

Factor structure adjustment 
benefits

Command-and 
control environmental 

regulation

Market-based 
environmental 

regulation

Environmental compliance 
costs

Enterprises exit lossesCost losses

Benefit 
compensation

Mandatory emission reduction

Administrative sanction

Pollution payment

Financial subsidies

 247 

Fig. 2. The impact path of environmental regulation on the marine green 248 

economic efficiency. 249 

3. Research methods and data 250 

3.1 Panel smooth transition model 251 

This paper explores the heterogeneous effects of two environmental regulatory 252 

tools on the efficiency of the marine green economy under the level of technological 253 

innovation, FDI and industrial structure, as well as the threshold effects of these factors. 254 

There are two mainstream approaches to testing for threshold effects. The first is the 255 

Panel Threshold Regression (PTR) model [47], which has jumps on both sides of the 256 

threshold. The second is the Panel Smoothed Transition Regression (PSTR) [48], where 257 

the transition is gradual on both sides of the threshold. Considering the nonlinearity and 258 

continuity of the mechanistic transition of environmental regulation on the efficiency 259 

of the marine green economy, this paper adopts the PSTR model. The specific model 260 

settings are as follows: 261 

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽0𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖 + 𝛽𝛽1𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖g(𝑞𝑞𝑖𝑖𝑖𝑖; 𝛾𝛾, 𝑐𝑐) + 𝑢𝑢𝑖𝑖𝑖𝑖                             （1） 262 

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽0𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖 + 𝛽𝛽1𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖g(𝑞𝑞𝑖𝑖𝑖𝑖; 𝛾𝛾, 𝑐𝑐) + 𝑢𝑢𝑖𝑖𝑖𝑖                          （2） 263 
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Where 𝑖𝑖 = 1,2,3 … … N and 𝑡𝑡 = 1,2,3 … …𝑇𝑇  are the numbers of cross-section 264 

and time dimensions of the panel, respectively. 𝜇𝜇𝑖𝑖  denotes fixed effect factors. 265 

Explained variable 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖 represents marine green economic efficiency in each of the 266 

coastal regions in China. Explanatory variable 𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖 represents command-and-control 267 

environmental regulation, and 𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖represents market-based environmental regulation. 268 

g(𝑞𝑞𝑖𝑖𝑡𝑡; 𝛾𝛾, 𝑐𝑐) is the smooth continuous transition function of 𝑞𝑞𝑖𝑖𝑖𝑖, which is the threshold 269 

variable corresponding to industrial structure, technological innovation level and FDI 270 

intensity in this study. The nexus between environmental regulation and marine green 271 

economic efficiency is specified by the parameter 𝛽𝛽0 in the low regime (when g(. ) =272 

0) and the impact of environmental regulation on marine green economic efficiency 273 

equal 𝛽𝛽0 + 𝛽𝛽1  when g(. ) = 1  in the high regime. The logistic of the transition 274 

function is seen in Eq. (3). 275 

g(𝑞𝑞𝑖𝑖𝑖𝑖; 𝛾𝛾, 𝑐𝑐) = �1 + exp�−𝛾𝛾�(𝑞𝑞𝑖𝑖𝑖𝑖 − 𝑐𝑐𝑘𝑘)
𝑚𝑚

𝑘𝑘=1

��
−1

, 𝛾𝛾 > 0, 𝑐𝑐1 ⩽ 𝑐𝑐2 ⩽ ⋯ ⩽ 𝑐𝑐𝑚𝑚     （3） 276 

g(𝑞𝑞𝑖𝑖𝑖𝑖; 𝛾𝛾, 𝑐𝑐)  can have a value between 0 and 1, which is associated with the 277 

threshold variable (𝑞𝑞𝑖𝑖𝑖𝑖 ), the threshold parameter (𝑐𝑐 ), and the slope of the transition 278 

function (𝛾𝛾). 𝛾𝛾 is the smoothness parameter portraying the speed of transition from 279 

one regime to another and 𝑚𝑚 is the number of thresholds between the two extreme 280 

regimes within a given transition function g(. ).  281 

The first step in setting a PSTR model is to test the linearity. Since the transition 282 

function in the model contains unknown parameters 𝛾𝛾 and c, this paper replaces the 283 

transition equation with the first-order Taylor formula [48]. The model expression is 284 

transformed into the following auxiliary regression equation: 285 

𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝛽𝛽0𝑥𝑥𝑖𝑖𝑖𝑖 + 𝛽𝛽1𝑥𝑥𝑖𝑖𝑖𝑖𝑞𝑞𝑖𝑖𝑖𝑖 + 𝛽𝛽2𝑥𝑥𝑖𝑖𝑖𝑖𝑞𝑞𝑖𝑖𝑖𝑖2 + ⋯+ 𝛽𝛽𝑚𝑚𝑥𝑥𝑖𝑖𝑖𝑖𝑞𝑞𝑖𝑖𝑖𝑖𝑚𝑚 + 𝑢𝑢𝑖𝑖𝑖𝑖                   (4) 286 

Therefore, testing the linearity of the PSTR model is equivalent to testing 287 

𝐻𝐻0∗: 𝛽𝛽0 = 𝛽𝛽1 = ⋯ = 𝛽𝛽𝑚𝑚 = 0in Eq. (4). Then the Wald tests, Fisher tests, and Likelihood 288 

Ratio tests [49] are employed to test the hypotheses, and their statistics are defined as 289 

follows: 290 

𝐿𝐿𝑀𝑀𝑤𝑤 =
𝑇𝑇𝑇𝑇(𝑆𝑆𝑆𝑆𝑅𝑅0 − 𝑆𝑆𝑆𝑆𝑅𝑅1)

𝑆𝑆𝑆𝑆𝑅𝑅0
                                                                               (5) 291 
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𝐿𝐿𝑀𝑀𝐹𝐹 =
𝑇𝑇𝑇𝑇(𝑆𝑆𝑆𝑆𝑅𝑅0 − 𝑆𝑆𝑆𝑆𝑅𝑅1)/𝑘𝑘
𝑆𝑆𝑆𝑆𝑅𝑅0/(𝑇𝑇𝑇𝑇 − 𝑁𝑁 − 𝑘𝑘)

                                                                           (6) 292 

𝐿𝐿𝐿𝐿 = −2[log(𝑆𝑆𝑆𝑆𝑅𝑅1) − log(𝑆𝑆𝑆𝑆𝑅𝑅0)]                                                                 (7) 293 

If the linearity test rejects the null hypothesis, a remaining no linearity test is 294 

required for the existence of one or at least two transition functions. Similar to the 295 

linearity test, the auxiliary regression function is constructed by Taylor expansion. The 296 

Wald, Fisher, and Likelihood Ratio tests are used until the null hypothesis 𝐻𝐻0: 𝑟𝑟 = 𝑟𝑟∗ 297 

cannot be rejected. Then, 𝑟𝑟∗  is the optimal number of the PSTR model transition 298 

function. 299 

3.2 Variable selection 300 

3.2.1 Explained variable 301 

The explained variable is marine green economic efficiency (MGEE). Referring 302 

to Zheng et al. [2], this paper adopts the non-oriented super-efficiency slack-based 303 

measure model (super-SBM) to evaluate the marine green economic efficiency of 11 304 

coastal provinces and cities in China using Matlab R2021a software. With reference to 305 

the index system constructed by Ren et al. [12], the specific input and output indicators 306 

are selected as follows (Table 1): 307 

(1) Input indicators include capital investment, labor and energy input [50]. The 308 

marine economic capital stock is used as the capital investment indicator; the number 309 

of sea-related employees as the labor input indicator and marine energy consumption 310 

as the energy input indicator. 311 

(2) Output indicators include both desirable output and undesirable output. The 312 

desirable output is the gross ocean product of each city; the undesirable output is 313 

measured by three secondary indicators including marine industrial wastewater 314 

discharge, marine industrial sulfur dioxide discharge and marine industrial solid waste 315 

[5]. 316 

Table 1 317 

Evaluation Index System of Marine Green Economic Efficiency. 318 
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Variable 
Primary 

indicator 
Secondary indicator Variable formula Source 

input 

variable 

capital input 
marine capital stock  

(100 million yuan) 

(GOP /GDP) * capital 

stock 

China Statistical 

Yearbook 

labor input 
ocean-related employment  

(10,000 persons) 

（Directly available 

data） 

China Marine 

Economic Statistical 

Yearbook 

energy input 
marine energy consumption  

(10 kilotons of standard coal) 

(GOP /GDP) * energy 

consumption 

China Energy 

Statistical Yearbook 

output 

variable 

desirable 

output 

gross ocean product 

(100 million yuan) 

（Directly available 

data） 

China Marine 

Economic Statistical 

Yearbook 

undesirable 

output 

marine industrial wastewater discharge  

(10 kilotons) 

(GOP /GDP) * industrial 

wastewater discharge 

China Environmental 

Statistical Yearbook 

marine industrial sulfur dioxide 

discharge  (10 kilotons) 

(GOP /GDP) * industrial 

sulfur dioxide discharge 

China Environmental 

Statistical Yearbook 

marine industrial solid waste  

(10 kilotons) 

(GOP /GDP) *industrial 

solid waste 

China Environmental 

Statistical Yearbook 

3.2.2 Explanatory variable 319 

The explanatory variable is the two types of environmental regulation tools, 320 

namely command-and-control environmental regulation (CER) and market-based 321 

environmental regulation (MER). CER is an environmental regulation tool by national 322 

administrative agencies to achieve environmental governance goals by formulating 323 

laws and regulations, environmental standards, or using administrative power to 324 

forcibly intervene in various environmental behaviors. To highlight the disciplinary and 325 

mandatory features of CER, this study chose to quantify it in terms of the number of 326 

regional environmental administrative penalty cases [51,52]. MER is an environmental 327 

regulation instrument that gives full play to the role of market incentives. It links the 328 
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costs and benefits of enterprises with their environmental management behaviors 329 

through measures such as environmental taxes, environmental management 330 

investments and trading permits. Considering data availability, MER is calculated based 331 

on the investment amount of environmental protection acceptance projects [5,53]. 332 

3.2.3 Threshold variable 333 

Marine industrial structure (MIS), marine technology innovation (MTI) and 334 

foreign direct investment (FDI) are selected as threshold variables. The ration of the 335 

output value of the tertiary industry to the secondary industry is used to measure MIS, 336 

which clearly shows the evolution direction of the industrial structure [54]. The number 337 

of marine technology patent authorizations is selected to represent the level of marine 338 

technological innovation, which directly reflects the level of technological innovation 339 

in a region [5]. FDI intensity is expressed as a share of FDI in regional GOP. 340 

3.3 Study area and data sources 341 

The study area includes the following 11 coastal provinces and cities in China with 342 

advantages in both geography and marine economy: Liaoning, Hebei, Shandong, 343 

Tianjin, Shanghai, Jiangsu, Zhejiang, Fujian, Guangdong, Guangxi and Hainan. The 344 

data are all collected from the 2008-2018 "China Statistical Yearbook", "China Marine 345 

Economy Statistical Yearbook", "China Environmental Statistical Yearbook" and 346 

"China Energy Statistical Yearbook". 347 

4. Empirical results 348 

4.1 Evolution of marine green economic efficiency 349 

Fig. 3 shows the changing trends of the mean values of MGEE, CER and MER in 350 

China’s 11 coastal provinces and cities from 2008 to 2018. The specific analysis of the 351 

three indicators is as follows: 352 

 353 
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 354 

Fig. 3. Changes of MGEE, CER and MER of 11 coastal provinces and cities in 355 

China. 356 

The average intensities of CER and MER in 11 coastal provinces and cities in 357 

China shows a fluctuating upward trend in general, with a significant decrease in 2017. 358 

From 2008 to 2017, the average marine green economic efficiency presents a changing 359 

trend, as in the figure: it continued to increase from 2008 to 2012, and then gradually 360 

decreased.  361 

4.2 Linearity tests 362 

This paper uses Matlab R2021a software to test and estimate the PSTR model. 363 

Before estimating the PSTR model, a linear test was performed to determine whether 364 

there was a nonlinear relationship between different environmental regulation tools and 365 

marine green economic efficiency under the influence of different transition variables. 366 

As can be seen from the linearity test results in Table 2, all models reject the null 367 

hypothesis at the 1% significance level, which means that they are nonlinear and have 368 

at least one transition function. Then, the remaining nonlinearity test was carried out, 369 

and the results show that none of the models reject the null hypothesis, indicating that 370 

all models are suitable for the PSTR model with a single transition function. The current 371 

study then determined the number of threshold parameters for each PSTR model. The 372 

Akaike criterion (AIC) and Bayesian Criterion (BIC) values for each model were 373 
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calculated for 𝑚𝑚 = 1  and 𝑚𝑚 = 2  under the condition that the number of transfer 374 

functions is 𝑟𝑟 = 1. According to the results (Table 3), 𝑚𝑚 = 1 is optimal because the 375 

AIC and BIC are the minimum. Therefore, the best setting for the model is 𝑟𝑟 = 1 and 376 

𝑚𝑚 = 1.  377 

Table 2 378 

Tests for linearity and remaining no linearity in the PSTR model. 379 

Model 
transition 

variable 

Linearity test 

（𝐻𝐻0：r = 0；𝐻𝐻1：r = 1） 
 

Remaining no linearity test 

（𝐻𝐻0：r = 1；𝐻𝐻1：r = 2） 

LMw LMF LR  LMw LMF LR 

𝐴𝐴1 

MIS 

20.059*** 

（0.000） 

21.661*** 

（0.000） 

21.932*** 

（0.000） 
 

0.104

（0.747） 

0.092

（0.762） 

0.104 

（0.747） 

𝐵𝐵1 
28.459*** 

（0.000） 

33.520*** 

（0.000） 

32.444*** 

（0.000） 
 

0.000 

（0.993） 

0.000 

（0.994） 

0.000 

（0.993） 

𝐴𝐴2 

MTI 

10.549*** 

（0.001） 

10.410*** 

（0.002） 

11.037*** 

（0.001） 
 

0.341

（0.559） 

0.302

（0.584） 

0.341 

（0.559） 

𝐵𝐵2 
13.370*** 

（0.000） 

13.540*** 

（0.000） 

14.168*** 

（0.000） 
 

0.011 

（0.916） 

0.010 

（0.922） 

0.011 

（0.916） 

𝐴𝐴3 

FDI 

29.322*** 

（0.000） 

34.862*** 

（0.000） 

33.579*** 

（0.000） 
 

2.431

（0.119） 

2.194

（0.142） 

2.456 

（0.117） 

𝐵𝐵3 
17.439*** 

（0.000） 

18.354*** 

（0.000） 

18.831*** 

（0.000） 
 

0.042

（0.838） 

0.037

（0.847） 

0.042 

（0.838） 

Note: (1) ***, **, and * denote 1%, 5%, and 10% significance levels, respectively, and the P values 380 

corresponding to the statistics are in brackets. (2) 𝐴𝐴𝑖𝑖   and 𝐵𝐵𝑖𝑖  represent models in which the 381 

explanatory variables are command-and-control environmental regulation and market-based 382 

environmental regulation, respectively.  383 

Table 3  384 
Determination of the number of optimal threshold parameters. 385 

Model 
transition 

variable 
r 𝑚𝑚 AIC BIC 

Final 

Results 
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𝐴𝐴1 

MIS 

1 
1 -2.811 -2.718 

m=1 
2 -2.783 -2.667 

𝐵𝐵1 1 
1 -2.899 -2.806 

m=1 
2 -2.874 -2.758 

𝐴𝐴2 

MTI 

1 
1 -2.725 -2.633 

m=1 
2 -2.700 -2.584 

𝐵𝐵2 1 
1 -2.775 -2.683 

m=1 
2 -2.751 -2.635 

𝐴𝐴3 

FDI 

1 
1 -2.922 -2.830 

m=1 
2 -2.874 -2.758 

𝐵𝐵3 1 
1 -2.914 -2.799 

m=1 
2 -2.811 -2.718 

4.3 PSTR estimation results 386 

This paper draws on the method of Gonzalez et al. [48] for estimating the PSTR 387 

model. Firstly, fixed effects are eliminated by removing individual-specific means. 388 

Then, the grid search method is used to find the threshold parameter c  and the 389 

threshold slope 𝛾𝛾 of the transition function when the residual sum of squares (RSS) of 390 

the correlation model is minimized. Finally, Nonlinear Least Squares (NLS) is used to 391 

estimate the parameters. The estimated results are shown in Table 4. 392 

Table 4 393 
Results of PSTR models. 394 

Model 
transition 

variable 
𝛾𝛾 c 𝛽𝛽0 𝛽𝛽1 RSS AIC BIC 

𝐴𝐴1 

MIS 

2.358 1.874 
-1.180*** 

（-5.732） 

11.152*** 

（6.269） 
6.533 2.811 2.718 

𝐵𝐵1 1.345 1.371 
-3.240*** 

（-7.479） 

9.835*** 

（8.051） 
5.981 2.899 2.806 

𝐴𝐴2 MTI 4.079 3.046 -1.298*** 1.434*** 7.117 2.725 2.633 
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（-3.976） （3.763） 

𝐵𝐵2 2.820 2.945 
-1.126*** 

（-3.025） 

1.547*** 

（4.323） 
6.769 2.775 2.683 

𝐴𝐴3 

FDI 

11.618 0.172 
-6.029*** 

（-7.422） 

6.002*** 

（7.516） 
5.844 2.922 2.830 

𝐵𝐵3 10.496 0.390 
-1.097*** 

（-3.462） 

1.622*** 

（5.194） 
6.533 2.811 2.718 

Note: ***, **, and * represent significance at confidence levels of 1%, 5%, and 10%, respectively, 395 

and the t values corresponding to the statistics are in brackets. 396 

As shown in Table 4, the regression coefficients of all models are significant with 397 

a confidence level of 1%, indicating that under the setting of different threshold 398 

variables, both CER and MER have dual-regime effects on MGEE. Specifically, except 399 

for model 𝐴𝐴3, the influence coefficients of CER and MER on MGEE changed from 400 

negative to positive, and threshold variable transitioned from low state to high state. 401 

However, model 𝐴𝐴3 only shows adverse effects, but there is a clear difference in the 402 

magnitude of the influence coefficients. Under the same threshold variable, the 403 

threshold parameters and threshold slopes of the two types of environmental regulations 404 

are significantly different, indicating that CER and MER have noticeable heterogeneous 405 

effects on MGEE. 406 

5 Results discussion 407 

5.1 Analysis of the impact of CER and MER on MGEE under the evolution of MIS 408 

(1) According to the estimation results of model 𝐴𝐴1 and model 𝐵𝐵1, when MIS is 409 

lower than the threshold, the model tends to a low regime, both CER and MER have a 410 

significant negative effect on MGEE. The low level of marine industry structure means 411 

that the secondary industry, which has the most polluting companies, accounts for a 412 

relatively high proportion of the marine industry layout. With the increasing 413 

environmental regulation intensity, polluting enterprises are the first to be affected. 414 
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From the perspective of "compliance costs", levying pollution tax or other mandatory 415 

emission reduction measures will bring high environmental costs to enterprises, which 416 

may divert the funds away for enterprises to expand production and invest in innovation 417 

[55]. Although the intensity of pollution emission has eased, it is far from offsetting the 418 

negative impact of production cuts. In addition, it is expected that environmental 419 

regulation will be further strengthened in the future, and some polluting enterprises may 420 

take measures to increase pollution discharge in order to maximize the current benefits 421 

[56], which will harm marine green economic efficiency. With the upgrading of industry 422 

structure, both CER and MER have a significant positive impact on MGEE. It may 423 

benefit from the "service-oriented" transformation of the industrial structure with some 424 

industrial enterprises shifting to the tertiary industry, which is dominated by clean 425 

industries with fewer environmental restrictions [57]. In addition, stricter 426 

environmental regulation encourages marine production factors to withdraw from the 427 

low-efficiency and high-consumption industrial chain links, raises the entry threshold 428 

for polluting enterprises, and further enhances the comparative advantage of the marine 429 

tertiary industry. At the same time, the higher the level of industrial structure, the more 430 

pronounced the benefits of technological innovation, especially green innovation. In 431 

short, in order to give full play to the positive role of environmental regulation in 432 

improving marine green economic efficiency, enterprises need to continuously move 433 

towards the high-end links of the industrial value chain [58].  434 

(2) Combining the estimation results (Table 4) and the transition function diagram 435 

(Fig. 4), it can be seen that when MIS is used as the threshold variable, the 436 

heterogeneous effects of CER and MER on MGEE is mainly reflected in three aspects, 437 

including the influence coefficient, transition speed and threshold. From the impact 438 

coefficient, the negative impact of CER on MGEE under low MIS conditions is smaller 439 

than that of MER and vice versa under high MIS conditions. In other words, no matter 440 

how the regional industrial structure evolves, CER, which regulates corporate behavior 441 

through coercive means has a greater impact on MGEE. From the perspective of 442 

transition speed and threshold, MER can realize the transition from inhibiting to 443 

promoting MGEE earlier, but at a slower speed. In addition, most of the sample 444 
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observations are located on the left side of the threshold, indicating that China still has 445 

room for improvement in the positive impact of environmental regulation on improving 446 

MGEE through industrial structure adjustment. 447 

 448 

Fig. 4. The logistic relation between the MIS and transition functions. 449 

5.2 Analysis of the impact of CER and MER on MGEE under the evolution of MTI 450 

(1) According to the estimation results of model 𝐴𝐴2 and model 𝐵𝐵2, both CER and 451 

MER have a significant negative effect on MGEE in low MTI regime and a positive 452 

effect in high MTI regime. Technological innovation can significantly improve the 453 

efficiency of factor utilization and is regarded as the primary means for enterprises to 454 

maintain a competitive advantage. Under the circumstance that innovation level of 455 

marine science and technology is low, most enterprises still use traditional production 456 

techniques for production activities. It will inevitably lead to waste of resources and 457 

environmental pollution, and it is not conducive to marine green economic efficiency. 458 

At the same time, in the face of increasingly stringent environmental protection policies 459 
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and pollution discharge restrictions, companies have to readjust their production 460 

strategies and find additional funds to deal with environmental costs. In addition, under 461 

the dual pressure of fierce market competition and supervision, some low-efficiency 462 

and high-polluting enterprises are forced to shut down or withdraw from the market, 463 

which is not conducive to regional marine economic output and regional industrial 464 

competitiveness, thereby inhibiting the improvement of marine green economic 465 

efficiency [59]. With the development of marine technological innovation, the model 466 

shifts to a high regime that increases production efficiency and reduces pollution 467 

emission. environmental costs can be offset by the economic benefits of increased 468 

technological levels and firm productivity. Environmental regulation can stimulate the 469 

effect of technology diffusion, enhance the competitiveness of regional industrial, and 470 

help strengthen the cumulative effect of ecological benefits brought about by 471 

technological innovation [5]. In a word, with the strengthening of environmental 472 

regulation, the competitive advantage established by corporate innovation, especially 473 

green innovation, has been further expanded [60] and the net benefit brought by it has 474 

gradually changed the impact of environmental regulation on marine green economic 475 

efficiency from inhibition to promotion. 476 

（2）As shown in Fig. 5, the heterogeneity of the effects of CER and MER on 477 

MGEE is not evident with the evolution of MTI. Careful analysis shows that CER has 478 

a greater negative impact on MGEE under the low MTI regime and a slightly positive 479 

impact under the high MTI regime. It suggests that regardless of the level of MTI, the 480 

effect of environmental regulation by collecting pollution discharge tax and investing 481 

in environmental protection projects is always better than regulating corporate behavior 482 

by coercive means. In terms of transition speed and threshold, with a relatively small 483 

slope parameter of 2.820 and a relatively small threshold of 2.945, MER can achieve 484 

an earlier, but slower, transition to the promotion of MGEE. In addition, most of the 485 

sample observations are located in the high MTI regime, indicating that most of the 486 

coastal areas of China have taken measures to improve the level of marine technological 487 

innovation in order to achieve the policy objective of environmental regulation tools to 488 

promote MGEE. 489 
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 490 

  491 

Fig. 5. The logistic relation between the MTI and transition functions. 492 

5.3 Analysis of the impact of CER and MER on MGEE under the evolution of FDI 493 

(1) The estimation results of model 𝐴𝐴3 and model 𝐵𝐵3 show that both CER and 494 

MER have a significant inhibitory effect on MGEE when the model is in the low FDI 495 

regime. With the increase of FDI intensity, the impact of environmental regulation on 496 

MGEE tends to be positive, but there are significant differences in the impact of 497 

different environmental regulation tools on MGEE. The marine economy is 498 

characterized by high degree of openness and competitiveness. The technology 499 

spillover effect is more prominent, and it is easily affected by the advanced technologies 500 

and experience of other marine countries. In the initial stage of foreign capital inflow, 501 

the main purpose of FDI inflow is to seek cheap resources and labor [61]., The 502 

technology blockade and protection cannot bring the "demonstration effect" to local 503 

enterprises, resulting in a "pollution heaven" effect. In addition, considering that FDI is 504 
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one of the indicators of government performance, in order to attract more foreign 505 

investment, the government is likely to compromise in the contest between 506 

environmental protection and economic growth [59], resulting in weak enforcement of 507 

environmental regulations and negative impact on marine green economic efficiency. 508 

With the expansion of foreign investment and the deepening of technical cooperation, 509 

the technology spillover effect has become notable [2], which is of great significance 510 

to the upgrading of marine technology and the improvement of industrial 511 

competitiveness. At the same time, strict environmental policies can filter FDI and 512 

increase the proportion of green production enterprises and green technology 513 

innovation. Under the combined effect of environmental supervision and market 514 

competition, regional green technology progress and industrial green upgrades promote 515 

the positive development of the impact of environmental regulation on marine green 516 

economic. 517 

(2) With the development of FDI, the effects of CER and MER on MGEE exhibit 518 

moderate differences. Firstly, the effect of MER on MGEE shows a gradual transition 519 

from the inhibitory effect under the low FDI regime to the promotion effect under the 520 

high FDI regime, while the inhibitory effect of CER on MGEE persists, with the 521 

elasticity rising from -6.029 to -0.0272. This may be due to the fact that the government 522 

formulates and implements CER, which imposes mandatory constraints on the polluting 523 

production behavior of enterprises, which has a long-term adverse effect on the regional 524 

marine economic output, which in turn exerts an inhibitory effect on the improvement 525 

of MGEE. The implementation of MER has brought additional cost burdens to 526 

enterprises, which to some extent squeezes the funds for expanding production and 527 

R&D investment. Therefore, it inhibits MGEE at an early stage. However, with the 528 

increase of FDI intensity, the compensation benefits of innovation have become 529 

apparent and gradually covered the environmental cost, and eventually play a positive 530 

role in promoting MGEE. In addition, the transition speed of model 𝐴𝐴3 is significantly 531 

greater than that of model 𝐵𝐵3 (Fig. 6), indicating that with the increase of FDI intensity, 532 

                                                             
2 This value is calculated by the formula “ 10 ββ + ”. 
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the influence of CER on MGEE changes faster than that of MER; meanwhile, the 533 

threshold of model 𝐴𝐴3  is lower than that of model 𝐵𝐵3 , which means the positive 534 

impact of CER on MGEE appears earlier. 535 

 536 

Fig. 6. The logistic relation between the FDI and transition functions. 537 

6. Conclusions and recommendations 538 

6.1 Conclusions and research limitations 539 

Based on the data from 11 coastal provinces and cities in China from 2008 to 2018, 540 

this paper adopts the non-oriented SBM model to measure the regional marine green 541 

economic efficiency, and empirically tests the nonlinear relationship between 542 

heterogeneous environmental regulations and marine green economic efficiency using 543 

the PSTR model. The main conclusions are as follows: 544 

(1) Most of the current research on the development of marine economy has been 545 

carried out from the perspective of economic efficiency. Based on the current "green 546 

development" demands, this study re-examines the development of the marine 547 
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economy in China's coastal provinces and cities from the perspective of marine green 548 

economic efficiency. The average efficiency of China's marine green economy shows a 549 

complex trend of change, presenting a continuous increase from 2008 to 2012, and then 550 

a gradual decline. To a certain extent, this indicates that the possibility of improving the 551 

efficiency of China's marine green economy is very high.  552 

(2) In contrast to the linear analytical framework of the existing literature, this 553 

study adopts the PSTR model to investigate the nonlinear impact of environmental 554 

regulation on the marine green economy and the transition mechanism. Under the 555 

setting of different transition variables, there is a dual-zone effect of market-based and 556 

command-and-control environmental regulations on marine green economic efficiency, 557 

that is, there is a nonlinear relationship in the transition between high regime and low 558 

regime. On the one hand, as the marine industrial structure (MIS) and marine 559 

technology innovation (MTI) exceed certain threshold, both CER and MER have 560 

contributed to the improvement of MGEE. When FDI is considered as a transition 561 

variable, CER consistently suppresses the growth of MGEE. However, as FDI exceeds 562 

the threshold, the effect of MER on it gradually changes from negative to positive as 563 

FDI rises over the threshold. On the other hand, there is a big difference in how the two 564 

environmental regulations affect MGEE. According to the influence coefficient, when 565 

MTI and FDI are below the threshold, the adverse effect of CER on MGEE is greater 566 

than that of MER, but when MTI exceeds the threshold, the promoting effect of MER 567 

on MGEE is better than that of CER. Furthermore, the promotion of MGEE by CER 568 

becomes greater after the MIS threshold is exceeded. In terms of conversion speed and 569 

threshold，under different transition variable settings, the transition of the effect of CER 570 

on MGEE is faster than that of MER; when MIS and MTI are used as threshold 571 

variables, the threshold of the nonlinear relationship between MER and MGEE is 572 

smaller than that of CER. 573 

This paper explores the impact of heterogeneous environmental regulation tools 574 

on the growth of the marine green economy from the perspective of marine green 575 

economic efficiency. However, given the accessibility of data and the diversity of 576 

environmental regulation mechanisms, this work has several limitations in that need to 577 
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be deepened and addressed in future studies. Firstly, in the process of measuring the 578 

marine green economic efficiency, the official input-output statistics of the maritime 579 

sector have not been made public and can only be estimated based on relevant regional 580 

industry-wide data, which may affect the accuracy and reliability of the measurement 581 

results. Secondly, each type of environmental policy tool contains multiple sub-tools 582 

with different degrees of adaptability and action goals, and correspondingly different 583 

environmental consequences. In order to determine the intensity of a specific form of 584 

environmental regulation, this paper uses representative indicators exclusively. 585 

Additional environmental policy instruments may be identified in subsequent research 586 

to provide appropriate remedies for the specific environmental problems we face. 587 

6.2 Recommendations 588 

Command-and-control environmental regulation emphasizes the mandatory and 589 

punitive nature of regulatory instruments, while market-based environmental regulation 590 

emphasizes incentives and flexibility. The adaptability of these two instruments and 591 

their impact on marine green economic efficiency vary widely at different stages of 592 

regional development. Any combination of regional environmental laws must consider 593 

these differences. 594 

(1) The research findings of this paper show that CER and MER have a 595 

considerable promoting effect on MGEE after a certain degree of marine industry 596 

structure (MIS) and marine technology innovation (MTI). Therefore, improving the 597 

industrial structure and stimulating innovation have become the preconditions for the 598 

economic promotion of environmental regulation. First and foremost, local 599 

governments should formulate reasonable industrial policies and actively guide the 600 

development of low-energy consumption, environmental protection, and high-tech 601 

industries based on their own resource endowments. At the same time, raise funds for 602 

the research and development and utilization of pollution control technologies to 603 

promote the technological upgrading of enterprises and improve green economic 604 

efficiency. Secondly, the effective combination of environmental regulation means is 605 
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the "catalyst" for the transformation of the marine green economy. In regions with high 606 

levels of marine innovation MER plays a more significant role in promoting the 607 

effectiveness of the marine green economy. To this end, local governments should give 608 

priority to the formulation and implementation of market-based policies, and give full 609 

play to their external effects through environmental taxes, and emission trading. In 610 

contrast, CER plays a stronger role in promoting the marine green economic efficiency 611 

in regions with higher industrial structure. In these areas, the government should focus 612 

on strengthening the supervision of high-pollution and high-energy consuming 613 

enterprises, and at the same time increasing penalties so as to achieve the expected 614 

pollution control effect of command-and-control environmental regulation. 615 

(2) The results show that when FDI exceeds the threshold, market-based 616 

environmental regulation has a significant promoting effect on improving the marine 617 

green economic efficiency, while command-and-control environmental regulation 618 

always maintains an inhibitory effect. Therefore, in areas with high foreign investment, 619 

excessive government intervention in the economic activities of enterprises should be 620 

avoided, and market-based environmental regulation should be gradually strengthened 621 

in terms of scope of application and regulation. In addition, in order to attract more 622 

"green" foreign investment and actively improve the marine green economic efficiency, 623 

tax relief and green credit incentives should be vigorously promoted, green subsidies 624 

should be increased and foreign enterprises should be encouraged to develop into low-625 

pollution and high-end R&D areas. 626 
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