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Abstract

:

As a vital element affecting economic efficiency, the impact of marine industrial structure upgrading on marine economy has become a hot topic, and China is not an exception. This paper analyzed the dynamic relationship of marine industrial structure upgrading and marine economy efficiency to verity the “structural bonus” and “cost disease” effects. The results confirmed the existence of cost disease in China’s marine economy, although occasionally it illustrated structural bonus effects with the improvement of the regional marine economy efficiency. The spatial Durbin model (SDM) was introduced to study the spillover effect of local marine industrial structure upgrading (MISU) on the adjacent regions’ marine economy efficiency, and this spillover effect was verified to have agglomerate characteristics in China’s coastal areas. Then several countermeasures were proposed to realize marine ecological civilization and promote regional cooperation in the development of China’s marine economy.
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1. Introduction


China’s marine economy had experienced significant development over the past 20 years. Its gross ocean product (GOP) increased at an average annual rate of 6.7% in the last five years, accounting for nearly 10% of the GDP in 2019 [1]. However, the rapid industrial expansion has brought in resources misallocation and marine pollution. The Ocean Development Report of China (2014) showed the growth rate of China’s marine economy had entered a transition from rapid to moderate, as it encountered unwieldy industry structures and low transformation rates in innovation and technological achievement [2]. “Blue Growth Agenda” highlights the need to “harness the untapped potential of Europe’s oceans, seas and coasts for jobs and growth.” [3]. Realizing the need to create not just a prosperously but more importantly sustainable marine economy, the Chinese government had taken many steps to promote the transformation of its marine industry. Efforts had been made to assist the transfer of marine industries through a series of favorable policies in terms of talents, funds, finance, taxes, and services as well as encourage marine companies to develop environmental-friendly facilities [4]. In 2011, the 12th Five-Year (2011–2015) Plan was announced and specified “marine industry structure optimization” and “strengthening comprehensive marine management” as key points. Furthermore, in 2012, the 18th National Congress of the Communist Party of China set forth a nationally strategic aimed of building an ocean power through putting emphasis on developing marine economy and reinforced the concept of “ecological civilization”. (The “ecological civilization” concept first appeared in 2007, in a report to the 17th National People’s Congress. At the Third Plenary Session of the 18th Central Committee in 2014, Xi stressed that China would implement “ecological civilization” reforms that are made to reconcile contradictions between economic development and the environment.)



With these important development strategies, China’s marine economy was gradually shifting towards improvement in quality and efficiency. The restructuring process in marine industry is evident with the primary industry dropping from 50.43% to 4.6% and in the meantime the share of the secondary and tertiary industries rising from 16.78% to 38.8% and 32.79% to 56.6%, respectively from 2000 to 2017 (See Figure 1). The added value of marine tertiary industry in China had surpassed that of secondary industry and showed the highest contribution to marine economy [5]. It is well known that the industrial structure upgrading is crucial to economic efficiency with two contrary effects, “structural bonus hypothesis” and “cost disease hypothesis”. Does the above statistics illustrate the positive interaction between China’s marine industrial structure and the marine economic efficiency? Recently, the “Development Plan for the Blue Economic Rim” (this is the first national development strategy approved in the first year of the 12th Five-Year Plan, and the first regional development strategy with marine economy as the theme in China [6]) of the Bohai Economic Rim, the “822” Action Plan (the “822” Action Plan for Zhejiang Marine Economic Development refers to supporting the development of eight modern marine industries, cultivating, and constructing marine industrial bases, and implementing major marine economic construction projects [7]) for marine economic development in Zhejiang province and the development plan for Marine Science and Technology Talents in Jiangsu province were put forward successively. (The development plan for Marine Science and Technology innovation during the 13th Five-Year Plan period has clarified the development ideas, development objectives, key technological development directions, key tasks and safeguard measures for Marine Science and Technology innovation [8].) Have these regional coordinated development policies brought positive demonstration effect to the surrounding areas? This paper seeks empirical evidences to provide an answer to the above questions by looking into China’s marine industry. To depict the dynamic relationship between marine industrial structure upgrading and marine economy efficiency, this paper calculated marine economic efficiency with undesired output and introduced the Spatial Durbin Model (SDM) to illustrate the spatial spillover effect. Finally, several policy implications were detected.



The remainder of the paper is organized as follows: Section 2 reviews the related literature. Section 3 introduces the measurement of MISU (marine industrial structure upgrading) where marine economy sustainable development is calculated. The empirical results are given and discussed in Section 4 and Section 5. The final section concludes the paper with policy implications.




2. Literature Review


The industrial structure upgrading refers to the process of production factors such as capital, labor, land, and technology flow from the production sectors or links of industrial chains with low value-added, poor efficiency, and high consumption, such as industries of overcapacity and high pollution, to those with high value-added, high efficiency, and low consumption, such as advanced manufacturing industry and high-end producer services [9]. The industrial structure upgrading was proven to be the main force to drive less developed economies to developed economies [10,11]. Baumol (1967) and Hartwig (2016) pointed the industrial structure adjustment might brought out “cost disease”. Namely, when the industrial structure was adjusted, the rendered resources flowed to the tertiary industry sector, without considering its relatively backward efficiency, and brought in the decline of economic efficiency, known as “cost disease hypothesis” [12,13]. However, Peneder (2003) and Jin (2012) challenged this viewpoint by structural bonus hypothesis. They commented that the input factors flowing from low efficiency sectors or low efficiency growth rate sectors to high efficiency sectors or high efficiency growth rate sectors can promote the whole efficiency of the society [14,15].



Over the past 40 years, a substantial body of literature has been seeking the justification of these two hypotheses in various countries and industries; however, no definite conclusion has been drawn. Zhao (2018) examined the sources of economic growth and the nature of industrial structure change in China over the past decade, with a comparison to those in Russia. The results showed that structural change had not been conducive to economic efficiency [16]. Aldrighi (2013) used the shift share method to study the relationship between Brazilian economic growth and structural adjustment. They found that the “structural bonus” was obvious in economic growth [17], although many scholars argued this shift was not universal [13]. Other studies have reported that economy efficiency was either unaffected or enhanced by industrial structure upgrading [18]. De Vries et al. (2012) analyzed the impact of industrial restructuring on economy efficiency in Brazil since 1980 and found there was no structural bonus [19]. Havlik (2015) took European countries as example and found the effect of industrial structure upgrading on economic growth was ambiguous as the industrial sectors was different [20]. Padilla (2017) used data from Mexico over the past 30 years to study the relationship between structural changes and efficiency growth and found that industrial structure adjustment would restrain the economy efficiency improvement [18].



This controversial issue about industrial structure upgrading and economy efficiency has also obtained great academic interests in China facing the dilemma between “steady growth” and “structural adjustment”. Empirical researches on it have flourished in recent years aiming to offer policy support in its new normal economic development. Research samples are usually collected from manufacturing industry [21,22], service industry [23], and so on. Similar with the previous studies, no consensus has been reached. Several researches tried to identify the explicit links for the two opinions. For them, the rationalization of industry structure and the elevation of industry structure are typical index variables representing industry structure upgrading. (The rationalization of industry structure refers to the effective allocation of resources among industries, and the elevation of industry structure refers to the service orientation of economy structure [24].) The former one was proved to have a significant “U-shaped” relationship with economy efficiency, meanwhile the latter one had an inverted U-shaped relationship [25,26]. The structure bonus was closely bound up with economy efficiency, capital, income gap, etc. [27,28].



A handful of studies attempting to identify the spillover effect of industry structure on economy efficiency from the macro point of view [29]. Most of the research confirmed industry structure upgrading and agglomeration were vital elements to the spillover effect of regional economy but failed to reveal the formation mechanism [30,31,32]. In the empirical analysis, spatial lag model (SLM), spatial error model (SEM) and spatial Durbin model (SDM) gradually took place of ordinary least square model to analyze the spillover effect, as they could effectively solve the spatial distance bias by maximum likelihood estimate [33,34].



The above plenty empirical literature mainly focuses on the land regional economy, but fewer evidence has been presented in the context of marine economy efficiency. The limited research had been formed on the “structural bonus hypothesis”, using data from coastal areas, such as Liaoning, Hebei, etc. [35,36]. Very few articles mentioned the possible spatial differences of marine economy efficiency. Yan et al. (2015) found the regions with strong competitiveness in marine industry structure did little to promote marine economic development for neighboring regions [37]. However, Ma and Zhang (2017) argued the rationalization of industry structure could wider the gaps of China’s regional marine economic performance [38].



The review of literature has identified a clear gap in the existing research, i.e., the validity of structural bonus hypothesis and cost disease hypothesis in China’s marine sustainable economy, and the details of it. In order to describe the dynamic relationship between marine industrial structure upgrading and marine economy efficiency, this paper uses DEA method with undesired output to value the marine economy efficiency and introduces the spatial Durbin model (SDM) to illustrate the spatial spillover effect. Finally, several policy implications are detected.




3. Data and Methodology


3.1. Data


The marine industry structure refers to the internal components and proportional relationship among various marine industries. The MISU aims to rationally allocate production factors in the development of marine industry, and to achieve a dynamic transformation of the high-knowledge, high-tech, and high-value-added of the marine industry structure [39]. According to Clark’s law, this paper introduced the inter-industry ratio coefficient to measure marine industry structure, and the formulas are set as follows:


    TL    =      Y 2  +  Y 3   Y    ,  TS    =      Y 3     Y 2      








where      Y 2    represents the output value of the marine secondary industry;      Y    3     represents the output value of the marine tertiary industry;  Y  represents the gross ocean product. Figure 2 illustrates the elevation and rationalization of the marine industry have been growing for the last decade. (All the data are obtained from the China Marine Statistical Yearbook and the State Oceanic Administration for the 11 coastal provinces and cities in China from 2005 to 2015.)



To select the spatial measurement model, we set the weight of neighboring provinces (or municipalities) as zero, and the weight of nonadjacent provinces (or municipalities) as one. The following control variables are also included:



Economic foundation: we use Ln (GDP) and Ln2 (GDP) to illustrate the economic growth, which determines the efficiency improvement [40].



Urbanization: Urbanization is helpful for narrowing the income gap and releasing the spatial spillover effect of economic development [41,42]. This paper set the ratio of urban population and total population to measure the urbanization rate.



Institutions: Institutions is a deep-seated factor affecting the ecological environment, which is vital to marine sustainable economy [43,44]. This paper uses the regional sewage charges (REG) and the per capita educational time (PET) to reflect environmental regulation and environmental awareness, respectively.



Foreign capital: Foreign capital (FDI) is treated as an important constituent of economic efficiency increasing [45,46].



Marine economic efficiency refers to an economic state where marine resources are optimally allocated to serve each individual or entity in the best way while minimizing waste and inefficiency [47,48]. Its traditional input–output index usually contains labor, land, capital, and gross value of industrial output. Recently, the introduction of undesired outputs has been widely proved to be more scientific and feasible in measuring sustainable growth of marine economy [49]. The input–output index used to calculate marine economic efficiency is set in Table 1. (According to the GDP conversion index announced by the National Bureau of Statistics of China (2018), the fixed investment amount is based on 2005 as the base period for constant price processing to eliminate price factors.




3.2. Methodology


In order to solve the data limitations in traditional DEA model, the super-efficiency slacks-based measure model (the super-efficiency SBM model) was newly proposed to avoid the deviation brought by the difference in dimension and the choice of angles. The new model can solve such a problem as ordering and differentiation among decision making units (DMUs) [52,53]. Several studies had verified the advantages of this model in analyzing marine economic efficiency [54,55,56]. This paper adopts a super-efficiency SBM model to measure the marine economic efficiency denoted by    ρ   . The specific model is set as follows:


   ρ ∗    =    min    1 −  1 m    ∑   i = 1  m     S i −     X  i 0       1   +    1   S 1    +      S   2    (   ∑   r = 1    s 1       S r g     y  r 0  g      +     ∑   r = 1    s 2       S r b     Y  r 0  b    )    










  S . T  {       x 0    =   X λ +  s −         y 0 g    =      Y   g  λ −  s g         y 0 b    =    Y b  λ −  s b        λ   ≥   0 ,  s −    ≥   0 ,  s g    ≥   0 ,  s b    ≥   0        











There are m decision making units (DMUs), each of which consists of m input (   x 0   ),    S  1       desired output (   y 0 g   ) and    S 2    undesired output (   y 0 b   ). The relaxation moduli of them are expressed by        s   −   ,      s   g   ,      s   b   .     λ    is a constant vector, and  X  is the weight vector. The objective function  ρ  is strictly decreasing, given   0 <    ρ    ≤ 1  . DMU is valid when and only when   ρ =    1 (   s −  = 0  ,    s g  = 0  ,    s b  = 0  ), and it will be invalid when   0 ≤   ρ   ≤   1   (at least one of    s −   ,        s   g   ,    s b    does not equal 0).



The basic models of spatial lag model (SLM), spatial error model (SEM) and spatial Durbin model (SDM) are as follows:


   Y    =    ρ WY    +    X β    +   ϵ  










   Y    =    X β    +   ϵ ϵ   =    λ W  ϵ   +    μ   










   Y    =    ρ WY    +    X β    +    θ WX    +    α   l n    +   ε  








where  Y  is the dependent variable, representing marine economic efficiency;  X  is an exogenous variable matrix of n*k; W is a spatial weight matrix of n*n;  ρ  and  λ  are special auto-regression coefficient and special auto-correlation coefficient, representing the influence direction and degree of the observations of the adjacent area to the local observation, respectively.



Changes of independent variables not only affect the dependent variables in one region, but also affect the independent variables in other regions. This total effect is subdivided into direct and indirect effects. The direct effects represent the average impact of the dependent variable on one region, and the indirect effects represent the average impact of the dependent variable on other regions. The specific calculation method is as follows:


   Y    =     ∑   r = 1  k   S r   ( W )   x r    +    V   ( W )   l n   α    +    V   ( W )  ε  








for which    S r   ( W )    =    V   ( W )   (   l n   β    +      W θ   r   )   ,   V  ( W )    =      (   I n    −    ρ W   )    − 1    ,    I n    is an n-order identity matrix. The converting matrix form is


   [       y 1         y 2           ⋮       y n           ]    =     ∑   r = 1  k   [           S r     ( W )    11        S r     ( W )    12          S r     ( W )    21        S r     ( W )    22              …     S r     ( W )    1 n        …     S r     ( W )    2 n                …   …       S r     ( W )    n 1        S r     ( W )    n 2              …   …     …     S r     ( W )    nn            ]   [           x  1 r          x  2 r            ⋮       x  nr        ]    +    V     ( W )   ε   











The partial derivative    S r     ( W )     ii        measures the average effect of the change of  x  on the observations of  y  in one region. The direct effect is calculated by the average value of the diagonal elements in the numerical matrix    S r   ( W )   . The partial derivative    S r     ( W )    ji     measures the average effect of the change of  x  on the observations of y in other regions. The indirect effect is measured by the average value of the diagonal elements in the non-numerical matrix        S   r   ( W )  .  





4. Results


The results in Table 2 show that the Moran’s I index—which is usually used to test whether economic variables have spatial interaction effects, and can effectively reduce analysis errors [57,58]—is significant at the confidence level of 10% and indicates that there exists spatial autocorrelation between marine industrial structure upgrading and marine economic efficiency.



Table 3 shows the spatial Durbin model has the best fitting effect. Based on the Wald test and the LR test, if both null hypotheses (   H 0  : θ = 0   and    H 0  : θ +  ρ β  = 0  ) are rejected, the spatial Durbin model is selected, otherwise should be the spatial lag and spatial error model. In addition, the spatial Durbin model with double fixed effects was selected as the final model according to the results of Wald test, LR test, and Hausmann test. China’s marine industry structure upgrading affects marine economic efficiency negatively, where the elevation of marine industry structure plays a major role. The significant test further indicates local marine industrial structure upgrading has negative spillover effect on marine economic efficiency for adjacent areas. In particular, economic foundation, environmental awareness and urbanization respectively illustrated positive influence and negative influence on marine economic efficiency both for local areas and neighboring areas. This is in consistent with the research on landing territory [59]. In addition, foreign direct investment (FDI) and environmental regulation intensity (REG) both failed to pass the significant test.



As China is in the period of deep adjustment and transformation for the marine industry structure upgrading over 2005–2015, a large amount of resources is invested in tertiary industry. Due to the immature internal structure system and operational processes, this adjustment brings in a negative impact on the efficiency of the marine economy, and the cost disease hypothesis is verified.



With continuous adjustment and optimization of the marine industry structure, emerging industries will gradually replace traditional resource-dependent industries. We introduce the spillover effect to identify where the cost burden brought about by the upgrading of industrial structure can be transformed into a cost dividend. Considering the regional characteristics of marine industry policy and the similarity of social and economic status in neighboring regions, the spillover effect was tested by China’s coastal economic Rims [60]. Figure A1 (See Appendix A) shows the location of the five coastal economic Rims.




5. Discussion


Table 4 shows the decomposition results of the spatial spillover effect. The spillover effects of the MISU and marine economic efficiency have agglomeration effect in China’s coastal areas. For the Bohai Economic Rim and the Yangtze River Delta Economic Rim, the positive direct and indirect effects contributed to positive total impact, and the elevation of marine industrial structures had more powerful influences. For the Straits West Coast Economic Rim and the Beibu Gulf Economic Rim, the total impact of marine industrial structure upgrading on marine economic efficiency was negative, with rather subtle appearance of the direct and indirect effects.



These findings backed up the feasibility and effectiveness of the cooperation mechanisms in the Bohai Economic Rim and the Yangtze River Delta Economic Rim. Benefited from the strategic full-scale development principles, these coastal areas learned from each other and made full use of the optimization and upgrading of the marine industry structure to realize jointly development. These policies also expanded the scale of the marine service industry and speeded up the formation of pillar industries such as marine fisheries, marine transportation, marine oil and gas, coastal tourism, marine shipbuilding, and marine biomedicine, then promoted the shifting of marine economy development pattern from resource-dependent to technology-driven. In reality, the Yangtze River Delta Economic Rim has superior marine resource endowments, abundant marine science and technology resources, and a complete marine industry chain. Supported by national development strategies and policies, marine industrial transformation is at the forefront of the country. It has changed from relying solely on resource-consuming industries to high-tech industries and marine service industries, while traditional marine industries with high resource consumption and high pollution levels have gradually shifted from extensive development to intensive benefits. In the Bohai Economic Rim, with the support of superior location conditions and government policies, coastal tourism, marine transportation, and other industries have been developed rapidly. The marine engineering construction industry, electric seawater industry and other marine emerging industries have maintained strong growth momentum, and the marine industry sector has become more diversified. For these regions, structural bonus hypothesis had already replaced cost disease hypothesis.



However, it has been verified that most of the main marine industries for the Straits West Coast Economic Rim and the Beibu Gulf Economic Rim are high resource-dependent, such as marine transportation, coastal tourism, and marine fishery. The un-rational layout of industry structure exacerbates the deterioration of the ecological environment and does little to promote the sustainable development of marine economy. So cost disease hypothesis still exists in these regions.



The brief discussion here shows it is vital to realize the coordinated development between the marine industrial structure upgrading and the marine economic efficiency. It is advised China’s coastal areas to focus on developing competitive marine industries and give priority to emerging marine ecological industries to rectify the development mode characterized by high material consumption, high emission, and low output. For provinces (or municipalities) that have negative spillover effects, breaking through the dilemma between the marine industrial structure upgrading and the deterioration of marine economic efficiency, establishing a long-term mechanism for inter-regional development of marine sustainable economy and improvements of ecological environment should be the key point of policy design. Although the Straits West Coast Economic Rim and the Beibu Gulf Economic Rim are rich in marine resources, their development and utilization efficiency are still weak. These regions should focus on enhancing the coordination capabilities and correlation of factor endowments and industrial structures, such as deeply exploiting “strait economy”, “gulf economy”, and “island economy”—these refer to the type of regional economy based on island resources, surrounding marine resources and their geographical location.



It is suggested that for provinces (or municipalities) with positive spillover effects, the regional synergy strategy of the marine industry development policy is scientific and effective, which can become a powerful guarantee for the construction of marine ecological civilization. Based on the current coordinated state of MISU and marine economic efficiency, they are recommended to increase investment on perfecting the eco-environmental protection mechanism. For instance, some typical environment friendly marine industries, such as marine biological industries, marine new energy industries, deserve more policy support as multi-faceted funding and favorable taxation.




6. Conclusions


China’s marine economic efficiency is generally inhibited by the continuous evolution of the marine industry structure. This conclusion strongly supports the cost disease hypothesis. The upgrading of the marine industry structure has a benign spillover effect on regional marine economic efficiency in the Bohai Economic Rim and the Yangtze River Delta Economic Rim but shows negative spillover relationships in the Straits West Coast Economic Rim and the Beibu Gulf Economic Rim. Therefore, the findings also verify the feasibility and effectiveness of the regional cooperation policies in the Bohai Economic Rim and the Yangtze River Delta Economic Rim.



Furthermore, this cost disease hypothesis is ubiquitous. With the development of the regional marine economy, the cost disease hypothesis may shift to structural bonus hypothesis.
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Figure A1. Five Economic Circles. 
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Figure A2.  [image: Sustainability 13 03855 i001] The Bohai-Rim Economic Rim. 
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Figure A3.  [image: Sustainability 13 03855 i002] The Yangtze River Delta Economic Rim. 
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Figure A4.  [image: Sustainability 13 03855 i003] The Beibu Gulf Economic Rim. 
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Figure A5.  [image: Sustainability 13 03855 i004] The Pearl River Delta Economic Rim. 
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Figure A6.  [image: Sustainability 13 03855 i005] The Straits West Coast Economic Rim. 
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Figure 1. The ongoing restructuring process of China’s marine industry from 2000 to 2017. Source: researcher, derived from SOA (2018). 
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Figure 2. The changing process of China’s marine industry structure. Source: researcher, derived from SOA (2005–2015). 
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Table 1. The variables of the input–output indicators.






Table 1. The variables of the input–output indicators.










	Input-Output Index
	Indicators
	Variables





	input index
	labor input
	sea-related employment



	
	capital input
	fixed assets investment



	
	ecological input
	industrial wastewater treatment capacity



	
	
	nature reserve area



	output index
	desired output
	the total value of marine production



	
	undesired output
	marine pollution emission index







Notes: researcher, all the data derived from the China Ocean Statistical Yearbook (2005–2015), the China Statistical Yearbook (2005–2016); sea-related employment: Due to different statistical conditions around 2005, the ‘number of the employment in the main marine industry at the end of the year’ was used to replace ‘employment in the sea’ in 2005; the total value of marine production marine pollution emission index: Following Ren et al. (2018) and Wang et al. (2018), the improved entropy method is adopted to integrate the marine waste water, marine waste gas and marine solid waste (‘three wastes’) as the index of environmental pollution [50,51].
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Table 2. The Moran’s I index of marine industrial structure upgrading (MISU) and marine economic efficiency.
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Moran’s I Index




	
Year

	
Variables




	
Y

	
TL

	
TS






	
2005

	
0.1182 ***

	
0.1723 *

	
01644 **




	
2006

	
0.1424 ***

	
0.1885 **

	
0.2312 **




	
2007

	
0.1355 **

	
0.1587 **

	
0.2103 **




	
2008

	
0.1766 **

	
0.1249 *

	
0.1623 **




	
2009

	
0.1484 **

	
0.1227 ***

	
0.1346 ***




	
2010

	
0.2793 ***

	
0.169 **

	
0.2093 **




	
2011

	
0.1452 *

	
0.1796 **

	
0.1964 ***




	
2012

	
0.1557 **

	
0.1477 ***

	
0.2152 **




	
2013

	
0.1934 ***

	
0.1253 **

	
0.2374 **




	
2014

	
0.1843 *

	
0.1792 ***

	
0.1689 **




	
2015

	
0.1828 **

	
0.2048 **

	
0.1733 ***








Note: ***, **, * indicate the level of significance 1%, 5%, and 10%.
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Table 3. Estimation results of the spatial measurement model.
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Variables

	
SDM




	
Time Fixation Effect

	
Spatial Fixation Effect

	
Double Fixation Effect






	
TS

	
−0.2340 **

	
−0.3941 *

	
−0.2034 **




	
TL

	
−0.3029 **

	
−0.1220 **

	
−0.4921 ***




	
CRI

	
−0.5329 ***

	
−0.3921 ***

	
−0.6711 **




	
Ln (GDP)

	
0.2562 **

	
0.3913 **

	
0.8329 ***




	
Ln2GDP

	
−0.3019 ***

	
−0.1291 **

	
−0.5592 *




	
REG

	
−0.7180 *

	
−0.9302 *

	
−0.7821




	
PET

	
0.3001 **

	
0.3911 *

	
0.1822 **




	
FDI

	
−0.0481 *

	
−0.0302 ***

	
−0.0283




	
W*Y

	
−0.2829 ***

	
−0.1031 ***

	
−0.1564 **




	
W*CRI

	
−0.3918 *

	
−0.1901

	
−0.9212 **




	
W*Ln (GDP)

	
0.8391 ***

	
0.3812 ***

	
0.3456 *




	
W*Ln2 (GDP)

	
−0.2123 *

	
−0.3829 *

	
−0.8312 **




	
W*REG

	
−0.7663 *

	
−0.9112 ***

	
−0.6212 ***




	
W*PET

	
0.2910 ***

	
0.3918 **

	
0.1839 ***




	
W*FDI

	
−0.5819 *

	
−0.9281 ***

	
0.6461 ***




	
R-squared

	
0.8039

	
0.8829

	
0.9201




	
Log-likelihood

	
82.9302

	
87.2039

	
193.2910








Note: ***, **, * indicate the level of significance 1%, 5% and 10%.
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Table 4. Estimation results of spillover effects.






Table 4. Estimation results of spillover effects.





	
Variables

	
Direct Effect

	
Indirect Effect

	
Total Effect




	
Coef.

	
Coef.

	
Coef.






	
Bohai Economic Rim

	
TS

	
0.2033 **

	
0.1762 *

	
0.3795 ***




	
TL

	
0.3421 ***

	
0.2931 **

	
0.63552 **




	
CRI

	
−0.2034 ***

	
−0.1331 **

	
−0.3365 ***




	
Ln (GDP)

	
0.1932 **

	
0.1102 **

	
0.3034 **




	
Ln2 (GDP)

	
−0.1301 **

	
−0.0845 **

	
−0.2146 **




	
PET

	
0.0102 *

	
0.0023 ***

	
0.0125 **




	
The Yangtze River Delta Economic Rim

	
TS

	
0.2103 *

	
0.1192 **

	
0.3295 ***




	
TL

	
0.3223 ***

	
0.2312 *

	
0.5535 **




	
CRI

	
−0.1938 **

	
−0.1190 **

	
−3128 **




	
Ln (GDP)

	
0.0341 ***

	
0.0143 ***

	
0.0484 ***




	
Ln2 (GDP)

	
−0.0945 ***

	
−0.0701 **

	
−0.1646 **




	
PET

	
0.0923 ***

	
0.0391 ***

	
0.1314 ***




	
The Straits West Coast Economic Rim

	
TS

	
−0.3224 ***

	
−0.2102 **

	
−0.5326 ***




	
TL

	
−0.4323 *

	
−0.2934 ***

	
−0.7257 ***




	
CRI

	
−0.4912 ***

	
−0.2982 ***

	
−0.7894 **




	
Ln (GDP)

	
0.4029 ***

	
0.2201 **

	
0.6230 **




	
Ln2 (GDP)

	
−0.0722 **

	
−0.0132 **

	
−0.0854 **




	
PET

	
0.0720 ***

	
0.0341 **

	
0.1061 ***




	
The Beibu Gulf Economic Rim

	
TS

	
−0.3321 **

	
−0.1334 **

	
−0.4655 ***




	
TL

	
−0.4432 *

	
−0.3821 ***

	
−0.8253 ***




	
CRI

	
−0.3302 ***

	
−0.2910 **

	
−0.6212 **




	
Ln (GDP)

	
0.5044 **

	
0.3981 ***

	
0.9025 *




	
Ln2 (GDP)

	
−0.2002 *

	
−0.1732 **

	
−0.3734 **




	
PET

	
0.0501 **

	
0.0291 ****

	
0.0792 ***








Note: ***, **, * indicate the level of significance 1%, 5% and 10%.
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