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Introduction

Green and high-quality development requires the transformation and upgrading the energy structure. As a clean and efficient new energy, the development of offshore wind power is related to the achievement of green development and the realization of the dual carbon goals.





Methods

Based on the perspective of green total factor production, this study aims to explore the impact of offshore wind power policies (OWPPs) on green and high-quality development. Taking 11 coastal areas of China from 2004 to 2020 as samples, this paper empirically tested the impact of OWPPs on green total factor productivity (GTFP) by using propensity score matching difference-in-differences method (PSM-DID).





Results and discussion

The results show that OWPPs have a significant positive impact on GTFP. The robustness test further verifies the results, and the provincial difference is significant. By stimulating technological innovation and reducing energy intensity, OWPPs have improved GTFP, but increasing marketization level is a long way off.
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Highlights

	Scientifically investigating the causality between OWPPs and GTFP in costal China for the first time.

	SBM-GML model and more comprehensive indicators are used to measure GTFP.

	OWPPs have significantly promote the GTFP in the pilot regions, specifically by influencing the technology change component of the GTFP.

	Heterogeneity exists between the GTFP of OWPPs and the regions.

	Technological innovation and energy intensity are mechanisms, marketization level faces numerous challenges.






1 Introduction

Energy consumption caused by global economic growth is the main cause of environmental deterioration. In order to improve the energy structure, enhance environmental quality, and promote efficient energy production and green development are imperative (Acemoglu et al., 2012). Offshore wind power is a clean, efficient, and renewable source of energy that can effectively reduce carbon emissions (IRENA, 2018). By 2040, global investment in offshore wind energy is expected to reach one trillion US dollars, and the capacity of offshore wind power will increase by a factor of 15 (IEA, 2019). In the context of “Marine potestatem” and “Dual carbon”, OWPPs have emerged in an endless stream. The concepts of green, low-carbon, clean, and others have been repeatedly emphasized. A range of interventions, including administrative controls, development planning, pricing and tax policies, spatial planning, and scientific research support (Liu et al., 2023), have been implemented to promote green transformation and development. It will count much in future policy decisions to understand the relationship between OWPPs and green development in the past. The year 2012 was crucial to the development of OWPPs in China. During that year, the central government emphasized, in March, July, and September, the importance of following the principles of deep-sea offshore layout, providing scientific demonstration and planning for offshore wind power, expediting the construction of offshore wind power bases, and acknowledging the important contribution of the offshore wind energy industry to the development of new energy. It was the macro-planning of OWPPs at a national level for the first time in China. With the guidance of macro planning, support measures began to be implemented. Firstly, the implementation of tendering for offshore wind power projects can promote the development of offshore wind power through market competition in the early stage of industry development, which helps to reduce the development costs and improve the development efficiency of offshore wind power (Xu et al., 2015). Secondly, the government provides certain financial support and tax relief for enterprises, which promotes the establishment of offshore wind power demonstration projects and provides experience and technical support for the commercial development of offshore wind power (Wei et al., 2014). Additionally, by improving wind power equipment standards and industrial monitoring systems, the government encourages technological innovation in offshore wind power and energy system reform, which is also conducive to the development and maturity of China’s offshore wind power technology.

According to Lokshin and Mohnen (2012) and Jin et al. (2018), government subsidies are designed to encourage companies to develop green technology, and in the case of offshore wind power, price setting is an important element of the policy system. In 2014, the government formulated the feed-in tariff for offshore wind power non-tendered projects, and offshore wind power entered the era of centralized subsidies. With national subsidies, the net present value and internal rate of return of offshore wind power plants are high, thereby reducing oil imports, carbon dioxide emissions, and external costs during operation, resulting in substantial social and economic effects (Zountouridou et al., 2015). Nevertheless, excessive financial subsidies will hinder the progress of green technology and add to the government’s financial burden. In May 2019, the government explicitly changed the benchmark on-grid electricity price of offshore wind power to a guidance price and all newly approved offshore wind power projects determined the on-grid electricity price through competition, marking the official entry of China’s offshore wind power industry into the era of bidding, thus preparing for the exit of central subsidies in the future. The following year, China’s Ministry of Finance, National Development and Reform Commission, and National Energy Administration jointly announced that, effective 2022, the central government would no longer subsidize new offshore wind power projects, in order to promote technological progress and achieve electricity parity. Under the coordinated effect of macro-policies and supporting measures, China’s cumulative installed capacity of offshore wind power has exceeded 30 GW as of the end of 2022, ranking first globally. However, there is limited research that systematically evaluates the true benefits of OWPP development, especially in terms of green development. Therefore, the main focus of this article is to examine whether, and how, OWPP affects green development.

GTFP is an essential indicator to measure reginal green development. Numerous studies have proved that GTFP can correctly handle the relationship among economic development, resource utilization, and environmental protection (Chen and Golley, 2014; Song et al., 2018). This is an important path to sustainable development and green economic development (Chen et al., 2018). Current studies on GTFP focus on three categories: technological flows, economic flows, and government information flows (Zhang et al., 2021). Research on its influencing factors mainly focused on technological progress (Zhang, 2015; Wang, 2017), environmental regulations (Lei and Wu, 2019; Cao et al., 2020), market allocation (Zhang et al., 2019), production factors (Männasoo et al., 2018; Rath et al., 2019), industrial structures, and economic development models (Li and Lin, 2017), etc. Technological innovation is positively correlated with GTFP (Du and Li, 2019), which makes the frontier of green production shift outwards, improves output efficiency, promotes the development of energy saving and emission reduction technologies, and thus promotes the coordinated development of economy and environment (Cheng et al., 2018). Implementing this approach is vital for countries globally to achieve energy efficiency, environmental sustainability, and green development (Shao et al., 2021; Sun et al., 2021). Industrial structure upgrading and diversification also contribute to pollution reduction and industrial innovation (Eswaran and Kotwal, 2002; Zhang et al., 2014; Dong et al., 2020), and improve GTFP across the board. At the same time, an appropriate level of economic development (Li and Liao, 2020), reasonable introduction of foreign investment(Xu et al., 2019), and and improvement of marketization (Li and Gao, 2016) are also conducive to the improvement of GTFP. Generally low technical proficiency (Zhang, 2021), inefficient environmental management (Shao et al., 2016), irrational industrial structures (Feng et al., 2019), and and blind introduction of foreign capital (Naz et al., 2019) threaten high-quality green development. In the past decade or so, China has grown from scratch to become the world leader in offshore wind power development, and economic development has gradually abandoned the “GDP-only theory”. However, no research has been devoted to exploring the relationship between OWPPs and GTFP, and it remains unclear whether OWPP contributes to GTFP in terms of innovation, as well as energy and marketization aspects. As an important part of renewable energy, OWPPs will obscure the actual benefits of China’s sustainable development policy if it does not deeply explore the impact of OWPPs on GTFP. Therefore, this paper uses panel data covering 11 coastal regions in China from 2004 to 2020, and SBM-DEA model and global Malmquist-Luenberger productivity index (GML) are used to measure GTFP. With more comprehensive indexes are selected from the non-expected output, green development measured more scientifically. Applying the PSM-DID method to integrate OWPPs and GTFP into a unified analytical framework, the green development effect of OWPPs and its mechanism are explored to provide meaningful suggestions for the development of the offshore wind power industry, which in turn contributes to the world’s green and low-carbon production.

This study has several main contributions: first, the result add to the important literature on the green development benefits of OWPPs (Gibbs and Jensen, 2022). In particular, new empirical evidence is provided for uncovering the value of GTFP in OWPPs, as GTFP is considered to be an important component of sustainable development (Lyu et al., 2023; Lee and Lee, 2022).

Second, to the best of our knowledge, so far, the green development effects of OWPPs have not been systematically and critically examined in China. There is no doubt that OWPPs are key policies for green transformation (Poulsen and Lema, 2017). While there are many energy and environmental science studies with a focus on OWPPs in China (Tu et al., 2021; Chen et al., 2023), economics studies focusing on OWPPs are rare. The approach taken in this study can be effectively applied to assess the impact of traditional energy and environmental policies.

Third, the mechanisms through which OWPPs take effect are identified as promoting the technological innovation and reduce energy intensity (Shi et al., 2023; Fan et al., 2022), while to promote the level of marketization faces challenge, this study has employed more rigorous methodologies to support this perspective. Furthermore, new ideas for comprehending how to better exploit the positive externalities of OWPPs are provided from a regional perspective, which is significant for the development of offshore wind power in emerging economies.




2 Research hypothesis

The impact of government on the progress of green technology is significant, and the policy environment is crucial for its development (Chava et al., 2013; Feng and Li, 2021; Yu and Cai, 2021). There are two guiding policies for green development. First, general policies, including government subsidies policies (Aerts and Schmidt, 2008) and government support policies (Doh and Kim, 2014; Guo et al., 2016). Second, pilot policies, including carbon trading pilot policies (Chen et al., 2021; Du et al., 2021; Liu et al., 2021), low-carbon city (Tian et al., 2021), and smart city pilot policies (Bundgaard and Borras, 2021). Compared with these pilot policies, the guidance principles and goals of OWPPs are more focused on energy conservation and emission reduction and green innovation, which may have a more profound impact on green development. Previous research on the essential topic of offshore wind power and green development has mainly focused on the field of energy and environmental engineering science. Poulsen and Lema (2017) took the offshore wind energy industry in China and Europe as examples and identified its role in the green transition through life cycle analysis. Zhang and Wang (2022) reviewed the development of offshore wind power generation and offshore wind turbine basic technologies in China, and proposed that more use of offshore wind power generation may be one of the solutions for energy saving and sustainable environment in the long run. The application of new turbines has made wind energy more promising, competitive and cleaner (Rashedi et al., 2012). However, OWPPs research based on economic perspective is still lacking. In spite of some studies have focused on the economic aspects of green development of offshore wind power (Wieczorek et al., 2013; Shah et al., 2021; Jang et al., 2022), the assessment of green development effects is still one-sided. Therefore, this study adopts an index to comprehensively measure green development, namely GTFP, to directly reflect the green development effect of OWPPs.

OWPPs have policy and technological innovation attributes with Chinese characteristics. As it belongs to the national macro-policy, it fully reflects macro-target orientation of the central government’s and the initiative of local governments in the pilot process. At the same time, with green low-carbon and technological innovation as the pilot principle of policy construction, under the guidance of the central government, local governments actively try and fuly mobilize the green development incentive mechanism of local officials. The series of measures and policy subsidies of offshore wind power promoted by pilot policies are expected to effectively stimulate the vitality of green high-quality development and improve GTFP. Therefore, this paper proposes the following hypothesis:

Hypothesis 1. The adoption of OWPPs would promote GTFP

Innovations in wind power have two externalities: knowledge spillover and cleanliness, which can reduce firms’ innovation initiative (Khan et al., 2019) and encourage them to continuously invest in existing knowledge and technologies rather than exploring new solutions (Zhao et al., 2020). Considering the high risks of wind power innovation, supportive policies can offset R&D costs and reduce firms’ risk perception (Wang et al., 2020). The long-term support measures of OWPPs have increased wind power enterprises’ revenue estimates and improved their enthusiasm for developing new products, technologies, and ideas (Zhao et al., 2020). With the continuous advancement of offshore wind power technology, the central government is gradually reducing subsidies for offshore wind power until complete withdrawal. Therefore, wind power companies need to enhance technological innovation within a limited timeframe, expand the frontier of green production, improve output efficiency, and quickly respond to the relative increase in operating costs in the short term. This helps to increase the supply of clean energy, reduce air pollution, alleviate environmental pressure through agency costs (Lacerda and Bergh, 2020), and thereby improve GTFP. Based on this, this paper proposes the following hypothesis:

Hypothesis 2. The promotion of GTFP is realized by the effect of OWPPs on the technological innovation

With the enhancement of economic viability, the development of marketization has become an inevitable trend for offshore wind power. The project development and management mechanism centered on market competition can effectively promote technological progress and cost reduction, stabilize investment returns (Zhang, 2021). The participation of renewable energy in market trading mechanisms is also beneficial for breaking down market and administrative barriers, expanding the scale of green electricity transactions, and fully reflecting the environmental value of renewable energy. It has been revealed that effective market mechanisms and well-crafted regulations are capable of significantly promoting the total factor productivity of industries as stated by Zhang and Du (2020). However, from the perspective of the input indicators of GTFP, the decrease in offshore wind energy costs has also reduced the electricity cost for high energy consuming enterprises in the region, thereby improving their profit margin. This induces the allocation of capital, labor and other production factors to high energy consuming industries to some extent, and promotes the trend of blind investment expansion in high energy consuming industries, which weakens the role of the market in promoting green production. Furthermore, the “pollution sanctuary effect” in China may inhibit GTFP growth, as mature markets make firms more competitive and reckless in scaling up (Andersen, 2017), generating more energy consumption and pollution emissions in the process. Thus, the influence of marketization level on GTFP is unclear and worth investigating. Based on the above analysis, this paper proposes the following hypothesis:

Hypothesis 3. OWPPs can enhance the level of marketization which in turn increases GTFP

Offshore wind power is an effective means of achieving a low-carbon energy transition (Hof et al., 2020; Chang et al., 2021), and is one of the most preferred technologies for achieving low carbon energy transition (Roberts et al., 2018; Devine-Wright and Wiersma, 2020). Offshore wind power plays a crucial role in lowering energy intensity. On one hand, offshore wind energy utilization can reduce reliance on traditional energy sources such as coal and oil (Li et al., 2022), and it has the characteristics of renewable, clean, low-carbon, and environmental protection, which can improve the energy structure and increase energy utilization efficiency, thereby reducing total energy consumption (Normann, 2017; van der Loos et al., 2020). On the other hand, developing offshore wind power is conducive to achieving the transformation and upgrading of the economic structure in coastal areas, driving the development of high-end equipment manufacturing industry, and promoting the sustainable growth of the marine industry economy (Velenturf, 2021). Therefore, the energy effect of offshore wind power is quitely consistent with the expected direction of the input and output indicators of GTFP, which is conducive to reducing environmental pollution and promoting the improvement of GTFP. In summary, this article proposes the following hypothesis:

Hypothesis 4. OWPPs reduce the energy intensity and then raise GTFP




3 Methodology



3.1 Measurement of GTFP

The calculation of traditional total factor productivity (TFP) rarely considers resource and environmental constraints as well as non-radial and non-angular issues in the model, and there are also shortcomings such as linear programming infeasibility and non-transferability in ML index. In light of the limitations of existing studies, this paper builds upon the ideas presented by Oh (2010) and Zhao et al. (2022), adopting the SBM-DEA model and the GML index to accurately and dynamically measure regional GTFP. Based on the application of SBM directional distance function, the efficiency measurement error caused by ignoring non-radial relaxation variables can be effectively avoided.

First, we construct a global production possibility set. The K province is regarded as the DMUK, and it is assumed that the DMUK adds N elements to inputs x=(x1,…,xn)∈RN+ to obtain M expected outputs y=(y1,…,yn)∈RM+ and I kinds of undesirable outputs b=(b1,…,bn)∈RI+, then the input and output of the DMUK stage t are expressed as (xkt,ykt,bkt), and the global production possibility set PG(x), which emphasizes consistency and comparability of production frontiers, is expressed as:



Where zkt is the weight assigned to each cross-section. If zkt is greater than or equal to zero, it indicates constant returns to scale, and if  , it indicates variable returns to scale.

Secondly, drawing on the research of Yang et al. (2015) this paper defines the global SBM directional distance function that accounts for non-expected outputs as follows:



Equation (2) involves direction vector (gx, gy, gb), the elements of which respectively demonstrate the direction of the reduction of input, the increase of desired output, and the decrease of non-desired output. Slack variables (snx, smy, sib) are also introduced, where the elements indicate the input redundancy, shortfall of the desired output, and excess of the non-desired output. Afterwards, we utilize the GML index for further evaluating the growth of GTFP.







Where  (xt, yt, bt; gx, gy, gb) and  (xt, yt, bt; gx, gy, gb) represent the SBM directional distance function, which are constructed based on the surface of the global frontier and the current period frontier, respectively. A GTFP index >1 indicates an increase in GTFP; a GTFP value <1 indicates a decrease in GTFP, and a value of 1 signifies stable GTFP. The two components of GTFP are efficiency change (EC) and technology change (TC), which change in the same way as GTFP.




3.2 DID method

To address the endogeneity issue, we utilize panel data from 11 coastal provinces in China from 2004 to 2020, with 2012 as the policy turning point, and employ the DID method to examine the causal relationship between OWPPs and GTFP. In view of the time differences in the implementation of OWPPs in coastal areas, it is necessary to consider the province and time fixed effects of regional samples. The model is formulated as follows:



Specifically, the dependent variable, Ln(GTFPit), represents the natural logarithm of the green total factor productivity of province i at time t. The constant term α is also included. The virtual variable, OWPPs, represents the offshore wind power policies pilots, while the estimation of the net impact of OWPPs implementation on GTFP in the pilot area is represented by β through difference-in-differences estimation. The control variable is denoted by “Controls”. Provincial fixed effects are represented by μ, time fixed effects are represented by η, and the random disturbance term is represented by ε.




3.3 Mechanism test model

To further explore the impact mechanism of OWPPs on GTFP, this study takes into consideration the research conducted by Liu et al. (2020), Zhang (2021) and Ji and Tang (2022), the study selects technological innovation, marketization level, and energy intensity as mechanism variables to examine the extent to which OWPPs impact GTFP through these mechanisms. Considering the application bias of the mediating and moderating effects model (Jiang, 2022), and referring to the majority of the literature’s mechanism testing approach, the mechanism test model of this papaer is established based on Equation (6):



Mit is the matrix vector comprising mechanism variables, including technological innovation (Patent), marketization level(Mak), and energy intensity (EI), while λi and τt represent fixed effects of province and time, respectively. Furthermore, ξit is the random disturbance term, and the rest of the variables are consistent with Equation (6).




3.4 The proposed integrated model for impacts of OWPPs on GTFP

This study presents a research framework to investigate the influence of OWPPs on GTFP and its mechanisms based on the hypothesis and model settings from the previous section.The model proposed in this paper includes three components (Figure 1):




Figure 1 | The proposed integrated model for impacts of OWPPs on GTFP.



In Step 1, we measure GTFP using SBM-DEA and GML index, and consider OWPPs as a virtual variable.

In Step 2, we employ the DID method to investigate the impact of OWPPs on GTFP, and conduct robustness tests to ensure the accuracy of the estimation results. These tests include replacing the dependent variable, PSM-DID, parallel trend tests, and placebo tests.

Step 3 analyzes the mechanisms behind the impact of OWPPs on GTFP. To this end, we include three mechanism variables, namely technological innovation, marketization level, and energy intensity.





4 Data



4.1 Data sources

Considering the non-randomness of OWPPs implementation and the availability of data, we use panel data of 11 coastal provinces in China from 2004 to 2020. According to the cumulative installed capacity of offshore wind power in each province by the end of 2020, the 11 coastal provinces are classified into the experimental group: Jiangsu, Guangdong, Fujian, Liaoning, Zhejiang provinces and Shanghai city, while the control group was Hebei, Shandong, Guangxi, Hainan provinces and Tianjin city. At the same time, in order to eliminate the impact of inflation, all nominal indexes were based on 2004 and adjusted to constant prices according to the annual price indexes of each province. Carbon emission data was calculated according to IPCC. Other data sources used in this study comprise the China Statistical Yearbook, China Statistical Yearbook On Environment, China Energy Statistical Yearbook, as well as the CNRDS and Wind databases. We processed 11 valid provincial samples and obtained 187 valid “province-year” observations based on data availability.




4.2 Variables



4.2.1 Dependent variable

In order to calculate the GTFP, two types of indicators are required: inputs and outputs. Labor input is captured based on the number of employees at the end of the year in each province, capital input is estimated using the perpetual inventory method with reference to the work of Zhang (2008), and energy input is represented by the total energy consumption in each region. Two types of outputs were considered: expected output and unexpected output. Expected output was measured by the actual GDP of each province in 2004 after eliminating the price factors while unexpected output captures industrial wastewater, industrial sulfur dioxide, general industrial solid waste, and industrial dust emissions. To avoid the interference of reverse causal relationships on policy effect identification, the dependent variable was advanced by one period, given the use of the GML index to lose the base period sample, and the lag effect of policy. Additionally, to avoid the influence of extreme values and better comply with the assumptions of a classical linear model, the GTFP is log-transformed in the present study. The above treatment also applies to the decomposition term of GTFP – EC and TC.




4.2.2 Independent variable

The independent variable examined in this study is OWPPs, represented as a dummy variable. For reference (Xu et al., 2021), in conjunction with the focus of this research, among the 14 measures affecting the development of OWPPs, we selected the OWPPs as the first macro plan of basic policy (2012) to encode the independent variable, which is the deep factor affecting OWPPs. Specifically, the policy implementation year and the pilot areas in subsequent years are coded as 1, while other years are coded as 0.




4.2.3 Control variables

To control for the impact of OWPPs on GTFP, the present study supplements the core variables with other explanatory factors proposed by Wang and Liu, 2015 and Chen (2016), including the level of economic development, industrial structure, population density, human capital, environmental regulation, Internet development level, and foreign direct investment level. The level of economic development (LnGDP) is measured by the natural logarithm of GDP at constant prices. The industrial structure (IS) reflects the proportion of secondary industry, which consumes more energy, leads to more pollution, and results in a lower GTFP level in the region. In this study, the ratio of the value added of the tertiary industry to the secondary industry is used to measure the degree of industrial structure (Wu et al., 2023). Population density (LnPopd) is measured as the natural logarithm of the ratio of permanent population to administrative area. With the increase of population density, the demand for green development also increases due to the considerations of renewable resources and a cleaner environment. Furthermore, regions with higher population density tend to be more prosperous and better capable of promoting green development. The present study measures human capital (Edu) by the average years of schooling per capita. The accumulation of human capital can enhance public environmental awareness and accumulate innovative talents, which promotes GTFP improvement. The impact of environmental regulations (ER) on corporate performance has been debated. Two different perspectives prevail: “compliance costs” and “innovation compensation.” The former believes that environmental regulations increase cost pressure on enterprises, having a negative impact on the long-term performance and productivity of enterprises (Dean and Brown, 1995). The latter believes that environmental regulations would induce companies to upgrade their technology, which is beneficial to enhancing environmental performance and productivity (Porter and van der Linde, 1995). Therefore, the impact of environmental regulations on GTFP needs rigorous validation, and the present study employs the ratio of industrial pollution control investment to industrial value-added introduced by Fan and Mu (2017) to measure environmental regulation. Moreover, Internet development level (Internet) is measured as the ratio of the number of internet users to the total population living in the region. Regions with advanced Internet technology can stimulate industry growth via the “Internet Plus” model, attract technical and innovative talents, and accelerate green and high-quality development. The present study measures foreign direct investment (FDI) as the ratio of foreign direct investment to GDP in RMB units using actual exchange rates. Two contradictory effects of foreign direct investment on GTFP exist: on one hand, it can introduce advanced production technology, promote enterprise production efficiency, and enhance GTFP growth; on the other hand, it may worsen pollution and undermine local environmental regulation through the transfer of high-energy-consuming and high-polluting enterprises.




4.2.4 Mechanism variables

In order to further study the influence mechanism of OWPPs on GTFP, three mechanism variables were selected in this paper combined with the previous research hypotheses. Referring to Ji and Tang (2022), we introduced energy intensity (EI) as a measure of the ratio between total energy consumption and actual GDP. In order to study the impact of technological innovation on GTFP more effectively, Patent outputs rather than R&D inputs are used in this paper to reflect the level of regional technological innovation (Brunel, 2019; Chen et al., 2021). The marketization level (Mak) was measured by NERI index (Fan et al., 2011).

Table 1 provides descriptive statistics of the primary variables.


Table 1 | Descriptive statistics.








5 Empirical results



5.1 Benchmark regression analysis

According to Hypothesis 1, this study employs the DID method to estimate the parameters in Equation (3), and Table 2 presents the benchmark regression outcomes. All six columns of the table consider control variables. Specifically, Columns (1), (3), and (5) control for provincial fixed effects, while Columns (2), (4), and (6) further adjust for time fixed effects. Based on the estimation outcomes in Column (2), after controlling for both-way fixed effects, the OWPPs have a significantly positive impact on GTFP at the 1% level. This indicates that if a region transits from non-OWPPs to OWPPs, its GTFP will increase by an average of 6.2%, thereby verifying Hypothesis 1. Moreover, from estimating the regression outcomes from Columns (3) to (6), it is evident that OWPPs have a significantly negative influence on efficiency change, while having a significantly positive influence on technology change, indicating that OWPPs primarily affect the technology change component of GTFP.


Table 2 | Benchmark regression.



Irrespective of whether fixed effects are carried out or not, the coefficient of Logarithm of Gross Domestic Product (LnGDP) with Industrial Structure (IS) is significantly positive, indicating that the economy promotes green development, and the more developed the economy of a region, the higher its GTFP. As the proportion of industries with high added-value, high technological content, and high innovation in the economic structure increases, the advancement of industrial structure fosters the transformation of the modern economic development model and plays a crucial role in enhancing GTFP. In the above model, the coefficient of Environmental Regulation (ER) is presently not significant, as is also observed in Wang et al. (2020) study. Wang’s work shows that the impact of environmental regulation on GTFP at the 0.05, 0.90, and 0.95 quantiles is not significant. Nevertheless, it decreases at each quantile and within a specific range, thereby verifying the Porter hypothesis to some extent. This can be attributable to the U-shaped correlation between ER and GTFP (Wang et al., 2018), for which the inflection point of positive and significant impacts has not yet arrived. After controlling for two-way fixed effects, the coefficient of Internet is significantly positive, indicating that the continued development of the Internet can improve GTFP, which resonates with the research results of Li and Liao (2020). The advancement of the Internet provides a platform and channels for sharing resource information, breaking down the administrative barriers caused by regional differences, and supports the implementation of the new development concept. Furthermore, the coefficient of Foreign Direct Investment (FDI) is significantly positive, and it remains significant after adjusting for time fixed effects, supporting that the higher the FDI, the higher the level of green development. The reason is that FDI offers the host country with advanced green technology, thus enhancing the cleanliness of production and the efficiency of resource utilization (Girma et al., 2008), thereby verifying the “pollution halo” hypothesis. However, LnPopd and Edu do not significantly influence GTFP in statistics. This may be because the population density of coastal areas is relatively high, and the way of measuring human capital cannot truly reflect the enhancement of environmental awareness and the accumulation of innovative talents that are expected to provide.




5.2 Parallel trend test

Adopting the DID approach essentially requires the satisfaction of the parallel trend assumption (Kahn et al., 2015). Therefore, before its implementation, we conducted further tests to determine whether the OWPPs exhibit a lag effect on the outcome. Following Li and Gao (2016), we applied the event analysis method to investigate the dynamic effect of policy implementation. We replaced the virtual variable OWPPs in Equation (6) with virtual variables that represent the periods before and after the policy implementation. All other variables were held constant. The estimation equation is expressed as follows:



T0 represents a virtual variable that represents the year of OWPPs implementation. When K<0, it indicates K years prior to the implementation of the policy, and when K>0, it indicates K years after the implementation. The results demonstrate that there were no significant differences observed between the experimental and control groups before the policy implementation. Hence, it indicates the satisfaction of the parallel trend assumption. Figure 2 visually illustrates the GTFP trend of the treatment group affected by OWPPs, as compared to the control group not influenced by it. It is observed that the implementation of OWPPs cased a lag effect on the GTFP, with the delay of three periods.




Figure 2 | Parallel trend test.






5.3 Robustness test



5.3.1 PSM-DID

As a quasi-natural experiment, the OWPPs face the challenge of selecting a representative sample. To enhance the sample quality and reliability of the results, this study utilizes the Propensity Score Matching method to match the sample, with GDP, industrial structure, population density, human capital, environmental regulation, Internet level, and foreign direct investment being the matching variables. The caliper value is limited to a range of 0.01 using the radius matching method. Figure 3 illustrates the core density graph of the propensity scores before and after matching. The overlapping of the propensity scores of the treatment and control groups in Figure 3 accords with the common propensity score assumption. After matching, the distribution trend of the treatment group becomes consistent with that of the control group.




Figure 3 | Propensity score match.



The regression results are presented in column (1) of Table 3, which indicates that OWPPs remain significantly positive at a 1% level of significance even after regressing the matched sample, confirming the robustness and consistency of the previous regression conclusion.


Table 3 | Robustness test.






5.3.2 Alternate dependent variable

Considering the realistic background of continuous growth of carbon emissions, and drawing on the practice of (Chen, 2010) et al., we added carbon dioxide emissions into the model with unexpected output on the basis of the above, recalculated the inter-provincial GTFP and took it as a substitute variable. The regression results are presented in column (2) of Table 3, taking into account two-way fixed effects. The estimated coefficients are highly positive and significant higher than the the baseline estimates. This indicates that OWPPs still significantly improve regional GTFP after considering carbon emission as the undesirable output, and the results are robust and indicate that OWPPs have emission reduction effect.




5.3.3 Placebo test

To minimize the influence of extraneous variables on the relationship between the outcome variable and the OWPPs, a robustness test was performed in this study, utilizing a counterfactual hypothesis. In particular, interaction terms were chosen at random, and the DID regression analysis was performed to assess the extent of the coefficient’s variation from the baseline estimate, based on a false OWPPs variable. To prevent the estimation results being affected by insignificant and rare events and to improve the randomness of policy impacts across different areas, this process was repeated 500 times in this study. The distribution of the kernel density of the control group’s estimated coefficient, randomly generated 500 times, is presented in Figure 4. It can be observed that the beta estimates assigned at random are mostly focused around 0, signifying that there is no influence from other random factors on the key findings of this study, and that the estimation results based on the DID regression analysis in the baseline regression model are not basically influenced by any accidental factors.




Figure 4 | Distribution for coefficients of treat (placebo test).







5.4 Heterogeneity analysis

In order to explore the provincial heterogeneity of OWPPs development, samples were specific to each province of the experimental group for grouping regression. Table 4 shows the grouping regression results. The findings suggest that OWPPs have a positive and significant impact on the GTFP of Guangdong, Jiangsu, and Fujian provinces, highlighting a strong causal relationship. In contrast, we find no significant impact of OWPPs on the GTFP of Zhejiang Province, Liaoning Province.There is a slight negative correlation in Shanghai. Several reasons account for these discrepancies. Firstly, Guangdong, Jiangsu, and Fujian are among China’s strongest and relatively strong economic provinces, having experienced rapid development and high concentrations of innovative elements. These factors provide an ideal economic foundation for the effective implementation of OWPPs, contributing towards the improvement of GTFP via aggregation and emission reduction effects. Secondly, Compared with provinces where OWPPs have a significant effect, the cumulative installed amount of offshore wind power in Zhejiang and Liaoning is low, which leads to the delay of their green transformation and development. Experience shows that these areas do not lack the conditions to develop OWPPs and are expected to achieve economic rise through green development, but this requires local governments to strengthen their awareness of green governance. Thirdly, The accumulated installed amount of offshore wind power in Shanghai is also not high but shows a slight negative correlation. The potential reason is that the actual conversion effect of OWPPs in this region is not good, and the development of offshore wind power may have a threshold effect. To sum up, due to the difference in resource allocation and economic development scale in different provinces, the demand for GTFP is also quite different, and the empirical results are also different.


Table 4 | Heterogeneity analysis.






5.5 Mechanism analysis

To further verify the impact of OWPPs on green total factor productivity through incentivizing technological innovation, enhancing marketization, and reducing energy intensity, we conducted a mechanism test. The regression results are presented in Table 5.


Table 5 | Mechanism analysis.





5.5.1 Technology innovation mechanism

Column (1) indicates that OWPPs significantly promote technological innovation. Specifically, OWPPs’ feed-in tariff policy subsidy is gradually declining, which encourages enterprises to increase the research and development of key technologies such as offshore wind turbines, blades, and unit inverters within a limited time, so as to reduce operation and maintenance costs, improve economic efficiency and promote the greening of economic production process, promote the promotion of GTFP. Therefore, H2 is supported.




5.5.2 Marketization level mechanism

The results of column (2) indicate that the OWPPs significantly suppressed the market level at a 1% significance level. This is due to the dominance of a fixed grid price and subsidy system in the development of OWPPs in the past decade, with high government subsidies that deviate from the market supply and demand relationship. Consequently, this limits the ability of offshore wind power companies to adapt to the power market, leading to a lack of cost constraints and an expanding subsidy gap. This hinders offshore wind power companies from making optimal production capacity decisions, distorts resource allocation, restricts the growth of GTFP, and negates the predicted hypothesis (H3).




5.5.3 Energy intensity mechanism

The coefficient of OWPPs is -0.090 in column (3), and this value is significantly negative at a 1% level, indicating that OWPPs effectively reduced energy intensity during the sample period. On one hand,with the continuous development of OWPPs, clean offshore wind power has improved energy structuring and regional emission reductions capacity by replacing part of traditional energy sources. On the other hand, due to its proximity to the energy load center, the industrial correlation effects of OWPPs reduce enterprise energy consumption, improves energy utilization efficiency and thus,promotes GTFP in coastal areas. This finding supports H4.






6 Discussion

GTFP is an effective and comprehensive indicator to measure the green development of the economy in the new era. The pursuit of green development has become the inevitable path of economic development nowadays. As one of the fastest-growing renewable energy sources, the study of the green development effect of OWPPs and its mechanism has far-reaching practical significance. This study finds that OWPPs strongly contribute to green development, which is similar to the findings of Chen et al. (2023). Unlike case studies with a one-sided focus on the emission reduction and energy saving aspects of green development, the use of panel data and the constructs of SBM-DEA and GML index for GTFP capture the green development effect of OWPPs more broadly and effectively. It is worth noting that the green development effect of the OWPPs lags behind by 2–3 years, and there are two main possible reasons for this. For one thing, the deployment and coordination of local government’s offshore wind power construction concepts, target principles, development planning, workable design, construction and building, and safeguards, which in principle have a construction cycle of between 2 and 3 years. For another 2 years after the base period, the central government started to provide stable subsidies for wind power enterprises, and offshore wind power ushered in a rapid development. This shows that the impact of OWPPs on green development has a lag effect, but at the same time, local governments and enterprises may be more “rational people” than we think.

Interestingly, compared with Chen (2010) and Liu et al. (2021), we find that the growth of GTFP is mainly due to the improvement of TC rather than EC, which is consistent with the latter view after using more comprehensive indicators to measure green development in non-expected outputs. The reason for this is that China’s total factor productivity has been dependent on technology change in a single-wheel drive mode for a long time (Li and Liu, 2015). The introduction of new industries in pilot areas has enhanced the level of green science and technology in the region. However, the optimization of resource allocation has been overlooked, hindering the growth of GTFP. Therefore, to achieve the sustainable development of the regional economy, the improvement of GTFP should be transformed to a dual-wheel drive of technology change and efficiency change.

OWPPs promote green development by enhancing technological innovation and reducing energy intensity. Compared with Shi et al. (2023) who used a fixed effects model, we construct a DID analysis on this basis, which provides stronger support for this view. Unlike the energy and engineering science perspective of Fan et al. (2022), our findings provide new evidence in the field of economics. On the one hand, OWPPs gather innovative factors in the same geographical space, making full use of the scale effect generated by the clustering of innovative factors to reduce the production and transaction costs of enterprises, encourage them to research and develop more energy-saving and emission-reduction technologies in production activities, transform traditional industries, and further improve GTFP. At the same time, the aggregation of information elements has produced knowledge spillover effects, and strengthened the communication and collaboration between enterprises in the energy industry. Advanced production technology and management concepts improve the level of production research and development and management of enterprises, thereby improving enterprise productivity. Offshore wind power is a knowledge-intensive, low-pollution, low-consumption, high-output industry. Economies of scale, high innovation factor concentration, and knowledge spillover promote the improvement of GTFP. On the other hand, the decline in energy intensity in industrialized countries over the past few decades has been mainly caused by improvements within the production sector (Li and Lin, 2014) and (Huang et al., 2017), which means that the decline in energy intensity is not due to a shift in the economic structure to cleaner sectors. OWPPs are the exact model of clean energy transformation (Poulsen and Lema, 2017). Its strong development can effectively reduce the dependence on traditional energy and the undesirable output of environmental pollution, improve the utilization efficiency of clean energy, and thus increase GTFP. It is of great significance for the region to gradually realize the goal of “dual carbon” and high-quality energy development by taking carbon emission dual control as the starting point.

Contrary to expectations, this study does not find that the OWPPs promote green development by facilitating marketization for the time being, but this is not surprising when one corresponds this finding to the inhibitory effect of EC on GTFP, as described above, and relates it to the history of the policy’s development. Globally, governments that coordinate market economies tend to utilize policy tools to encourage investment and shared risk in the earlier, more precarious stages of OWPPs’ development (Rentier et al., 2023), and China is not an exception. During the past decade, OWPPs, which were propelled by subsidies, created a market that lack of competition, resulting in issues like idle capacity, weak operating efficiency, and unwise expansion (Liu et al., 2023). The mismatch of resources has hindered the process of industry marketization and blocked efficiency changes. Consequently, the integration of offshore wind power with the entire electricity marketization faces several challenges (Kirkegaard and Caliskan, 2018). Fortunately, the development of Chinese offshore wind power industry does not lack the prerequisites for smooth transition. With the OWPPs on-grid tariff transitioning from a fixed price to a bidding system and the elimination of the central subsidy policy, the conditions surrounding the construction of Chinese offshore wind power have significantly transformed, and the industrial development will shift to market drive, give full play to the decisive role of market allocation of resources, and reduce transaction costs, investment risks, and energy costs with a more perfect market mechanism. This is compatible with sustainable development in the process of marketization. When the market competition of offshore wind power matures, the relationship between OWPPs’ green development effect and marketization will fundamentally change.

The findings in this paper make a useful contribution to the study of OWPPs, which is gradually becoming a hot topic for sustainable policy research around the world. More specifically, the findings provide new empirical evidence on the role of OWPPs in promoting green development. OWPPs are not unique to China, on the contrary, it is Europe that was the earliest developer of offshore wind, but is now witnessing the rise of Northeast Asian countries led by China (Mathews et al, 2023). The evaluation framework and insights provided in this paper have entended the OWPPs of China and could provide a strong reference for offshore wind policy in emerging developing countries. For developed countries or regions, it is necessary to construct an evaluation framework suitable for the green development conditions of the country or region based on the particular operational dynamics of offshore wind power development.

It should be noted that the OWPPs are important tools for promoting green development in regions. From a micro perspective, how OWPPs affect the green development of enterprises should also be explored in subsequent studies. From a data perspective, further research will include the latest data. From a methodological perspective, in addition to the application of econometrics, complex analysis considering multiple factors coupling can also be utilized, such as time-varying qualitative comparative analysis or time-difference qualitative comparative analysis (Nie et al., 2022).




7 Conclusion

In this study, By viewing the OWPPs as a quasi-natural experiment, we apply the PSM-DID model to assess the impact of OWPPs on green development. The SBM-DEA model and GML index are utilized to construct the GTFP as a measure of green development. The results show that the relevant policies significantly promote green development after the pilot extension, and the lag of the effect is obvious with significant provincial differences. Green development mainly benefits from technological changes rather than efficiency improvements. This finding can be understood in terms of technological innovation, energy intensity, and marketization level. Our findings will guide and promote high-quality development with green as the universal form.

First of all, promoting OWPPs can stimulate green development dividends. Policymakers should expedite the consolidation of further insights from offshore wind power test programs, and establish universal and diversified best practices promptly to attain the overarching policy objective. From fixed feed-in tariffs with central subsidies to competitive tariffs with local subsidies, regions are supposed to accelerate the pace of offshore wind power construction and promote green development through gradual transformation.

Secondly, at the level of technological innovation, the local government should increase financial investment in science and technology to enhance the output ratio of R&D investment, promote large-scale production, and develop regional deep-sea wind farms to advance intelligent industrial development. It can be stated that technological innovation is the primary productive force of the offshore wind power industry and plays a crucial role in its development. At the level of energy utilization and transformation, policymakers should consider promoting systematic absorption and utilization in the energy consumption field and diversifying energy systems to enhance overall energy utilization. Addressing the energy revolution and ensuring clean energy consumption while adhering to the principle of “grasping the key and promoting step by step,” is essential. Promoting the development of a diversified energy portfolio that includes “offshore wind power +” is an inevitable choice for China to achieve its “dual-carbon strategy.”

Thirdly, in terms of marketization, the development of offshore wind power still has a considerable distance to cover. It is vital to promote the virtuous cycle of offshore wind power. This can be achieved by encouraging industrial layout clustering, ensuring parity of on-grid electricity pricing, and localizing policy subsidies. These measures could promote market competition, optimize resource allocation, and accelerate the transformation of improving green total factor productivity, which involve a shift from the single-wheel drive of technology change to the dual-wheel drive of technology change and efficiency change.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Author contributions

JZ: Conceptualization, Methodology, Data curation, Software, Formal analysis, Visualization, Validation, Project administration, Writing – original draft, Funding acquisition. ZW: Supervision, Writing – review & editing. All authors contributed to manuscript revision, read, and approved the submitted version.





Funding

We thank the College Students' Innovative Entrepreneurial Training Plan Program of Guangxi University (No. 202310593504) for the financial support.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fevo.2023.1251787/full#supplementary-material




References

 Acemoglu, D., Aghion, P., Bursztyn, L., and Hemous, D. (2012). The environment and directed technical change. Am. Econ. Rev. 102 (1), 131–166. doi: 10.2139/ssrn.1668575

 Aerts, K., and Schmidt, T. (2008). Two for the price of one? On additionality effects of RandD subsidies: a comparison between Flanders and Germany. Res. Pol. 37 (5), 806–822. doi: 10.1016/j.respol.2008.01.011

 Andersen, D. C. (2017). Do credit constraints favor dirty production? theory and plant-level evidence. J. Environ. Econ. Manage. 84, 189–208. doi: 10.1016/j.jeem.2017.04.002

 Brunel, C. (2019). Green innovation and green Imports : Links between environmental policies, innovation, and production. J. Environ. Manag. 248, 109290. doi: 10.1016/j.jenvman.2019.109290

 Bundgaard, L., and Borras, S. (2021). City-wide scale-up of smart city pilot projects: governance conditions. Technol. Forecast. Soc Change 172, 121014. doi: 10.1016/j.techfore.2021.121014

 Cao, Y., Liu, J, Yu, Y, and Wei, G. (2020). Impact of environmental regulation on green growth in China’s manufacturing industry-based on the Malmquist-Luenberger index and the system GMM model. Environ. Sci. Pollut. Res. 27 (33), 41928–41945. doi: 10.1007/s11356-020-10046-1

 Chang, V., Chen, Y., Zhang, Z. J., Xu, Q. A., Baudier, P., and Liu, B. S. (2021). The market challenge of wind turbine industry-renewable energy in PR China and Germany. Technol. Forecasting. Soc. Change 166, 120631. doi: 10.1016/J.TECHFORE.2021.120631

 Chava, S., Oettl, A., Subramanian, A., and Subramanian, K. V. (2013). Banking deregulation and innovation. J. Financ. Econ. 109 (3), 759–774. doi: 10.1016/j.jfineco.2013.03.015

 Chen, C. F. (2016). China’s industrial green total factor productivity and its determinants—An empirical study based on ML index and dynamic panel data model. Stat. Res. 33 (3), 53–62.

 Chen, C. F., Lan, Q. X., Gao, M., and Sun, Y. W. (2018). Green total factor productivity growth and its determinants in China’s industrial economy. Sustainability 10 (4), 152. doi: 10.3390/su10041052

 Chen, S. (2010). Green industrial revolution in China: A perspective from the change of environmental total factor productivity. Econ. Res. J. 45 (11), 21–34 + 58.

 Chen, S., and Golley, J. (2014). ’Green’ productivity growth in China”s industrial economy. Energy Econ. 44, 89–98. doi: 10.1016/j.eneco.2014.04.002

 Chen, J. J., Mao, B. J., Wu, Y. F., Zhang, D., Wei, Y., Yu, A., et al. (2023). Green development strategy of offshore wind farm in China guided by life cycle assessment. Resour. Conserv. Recycling. 188, 106652. doi: 10.1016/J.RESCONREC.2022.106652

 Chen, Z., Zhang, X., and Chen, F. (2021). Do carbon emission trading schemes stimulate green innovation in enterprises? Evidence from China. Technol. Forecast. Soc Change 168 (2), 120744. doi: 10.1016/j.techfore.2021.120744

 Cheng, Z. H., Li, L. S., Liu, J., and Zhang, H. M. (2018). Total-factor carbon emission efficiency of China’s provincial industrial sector and its dynamic evolution. Renew. Sustain. Energy Rev. 94, 330–339. doi: 10.1016/j.rser.2018.06.015

 Dean, T. J., and Brown, R. L. (1995). ‘Pollution regulation as a barrier to new firm entry: initial evidence and implications for future research’. Acad. Manage. J. 38 (1), 288–303. doi: 10.5465/256737

 Devine-Wright, P., and Wiersma, B. (2020). Understanding community acceptance of a potential offshore wind energy project in different locations: An island-based analysis of ‘place-technology fit’. Energy Policy 2020, 137. doi: 10.1016/j.enpol.2019.111086

 Doh, S., and Kim, B. (2014). Government support for SME innovations in the regional industries: the case of government financial support program in South Korea. Res. Pol. 43 (9), 1557–1569. doi: 10.1016/j.respol.2014.05.001

 Dong, B. Y., Xu, Y. Z., and Fan, X. M. (2020). How to achieve a win-win situation between economic growth and carbon emission reduction: empirical evidence from the perspective of industrial structure upgrading. Environ. Sci. pollut. Res. 27 (35), 43829–43844. doi: 10.1007/s11356-020-09883-x

 Du, K. R., and Li, J. L. (2019). Towards a green world: how do green technology innovations affect total-factor carbon productivity. Energy Policy 131, 240–250. doi: 10.1016/j.enpol.2019.04.033

 Du, G., Yu, M., Sun, C., and Han, Z. (2021). Green innovation effect of emission trading policy on pilot areas and neighboring areas: an analysis based on the spatial econometric model. Energy Policy 156, 112431. doi: 10.1016/j.enpol.2021.112431

 Eswaran, M., and Kotwal, A. (2002). The role of the service sector in the process of industrialization. J. Dev. Econ. 68 (2), 401–420. doi: 10.1016/S0304-3878(02)00019-6

 Fan, H., and Mu, H. (2017). Effects of environmental regulations on the employment of urban dual labor—Based on the perspective of labor market segmentation. Econ. Theory Bus. Manage. 2, 34–47.

 Fan, G., Wang, X., and Ma, G. (2011). The contribution of marketization to China’s economic growth. Econ. Res. J. 2), 4–14.

 Fan, Q., Wang, X., Yuan, J., Liu, X., Hu, H., and Lin, P. (2022). A review of the development of key technologies for offshore wind power in China. J. Mar. Sci. Eng. 10 (7), 929. doi: 10.3390/JMSE10070929

 Feng, W., and Li, J. (2021). International technology spillovers and innovation quality: evidence from China. Econ. Anal. Policy 72 (5), 289–308. doi: 10.1016/j.eap.2021.09.003

 Feng, Y. J., Zhong, S. Y., Li, Q. Y., Zhao, X. M., and Dong, X. (2019). Ecological wellbeing performance growth in China, (1994-2014): from perspectives of industrial structure green adjustment and green total factor productivity. J. Clean. Prod. 236, 117556. doi: 10.1016/j.jclepro.2019.07.031

 Gibbs, D., and Jensen, P. D. (2022). Chasing after the wind? Green economy strategies, path creation and transitions in the offshore wind industry. Reg. Stud. 56(10), 1671-1682. doi: 10.1080/00343404.2021.2000958

 Girma, S., Gong, Y., and Grg, H. (2008). Foreign direct investment, access to finance, and innovation activity in Chinese enterprises. World Bank. Econ. Rev. 22 (2), 367–382. doi: 10.1093/wber/lhn009

 Guo, D., Yan, G., and Jiang, K. (2016). Government-subsidized RandD and firm innovation: evidence from China. Res. Policy 45 (6), 1129–1144. doi: 10.2139/ssrn.2458780

 Hof, A. F., Carrara, S., De Cian, E., Pfluger, B., van Sluisveld, M. A., de Boer, H. S, et al. (2020). From global to national scenarios: Bridging different models to explore power generation decarbonisation based on insights from socio-technical transition case studies. Technol. Forecasting. Soc. Change 151, 119882. doi: 10.1016/j.techfore.2019.119882

 Huang, J., Du, D., and Hao, Y. (2017). The driving forces of the change in China’s energy intensity: an empirical research using DEA-Malmquist and spatial panel estimations. Econ. Modell. 65, 41–50. doi: 10.1016/j.econmod.2017.04.027

 IEA (2019) Offshore wind outlook 2019. Available at: https://www.iea.org/reports/offshore-wind-outlook-2019.

 IRENA (2018) Renewable power generation costs in 2018. Available at: https://www.irena.org/Publications/2019/May/Renewable-power-generation-costs-in-2018.

 Jang, D., Kim, K., Kim, K. H., and Kang, S. (2022). Techno-economic analysis and Monte Carlo simulation for green hydrogen production using offshore wind power plant. Energy Conversion. Manage. 263, 115695. doi: 10.1016/J.ENCONMAN.2022.115695

 Ji, Y., and Tang, Q. (2022). The impact of marine industrial agglomeration on green total factor productivity in China’s coastal areas. J. Ocean. Univ. China (SS). 191 (06), 21–33. doi: 10.16497/j.cnki.1672-335x.202206003

 Jiang, T. (2022). Mediating effects and moderating effects in causal inference. China Ind. Econ. 5, 100–120. doi: 10.19581/j.cnki.ciejournal.2022.05.005

 Jin, Z., Shang, Y., and Xu, J. (2018). The impact of government subsidies on private RandD and firm performance: does ownership matter in China’s manufacturing industry? Sustainability 10 (7), 2205. doi: 10.3390/su10072205

 Kahn, M. E., Li, P., and Zhao, D. (2015). Water pollution progress at borders: the role of changes in China’s political promotion incentives. Am. Econ. J. 7 (4), 223–242. doi: 10.1257/pol.20130367

 Khan, Z., Lew, Y., and Marinova, S. (2019). Exploitative and exploratory innovations in emerging economies: the role of realized absorptive capacity and learning intent. Int. Bus. Rev. 28 (3), 499–512. doi: 10.1016/j.ibusrev.2018.11.007

 Kirkegaard, J. K., and Caliskan, K. (2018). When socialists marketize: the case of China’s wind power market sector. J. Cult. Econ. 12 (1), 1–15. doi: 10.1080/17530350.2018.1544581

 Lacerda, J., and Bergh, D. (2020). Effectiveness of an ‘open innovation’ approach in renewable energy: empirical evidence from a survey on solar and wind power. Renew. Sustain. Energy Rev. 118, Article 109505. doi: 10.1016/j.rser.2019.109505

 Lee, C. C., and Lee, C. C. (2022). How does green finance affect green total factor productivity? Evidence from China. Energy Econ. 107, 105863. doi: 10.1016/J.ENECO.2022.105863

 Lei, X., and Wu, S. (2019). Nonlinear effects of governmental and civil environmental regulation on green total factor productivity in China. Adv. Meteorol. 2019, 1–10. doi: 10.1155/2019/8351512

 Li, Q., and Gao, N. (2016). “Influence of government and market on the relationship between institutional change and Chinese total factor productivity,” in 2016 international conference on industrial economics system and industrial security engineering (IEIS), 1–6. IEEE. doi: 10.1109/IEIS.2016.7551858

 Li, H., Li, C., W, S., and Chen, T. (2022). An empirical study on the relationship between electricity price level and China’s provincial green total factor productivity. Inq. Econ. Issues 43 (3), 68–86.

 Li, T. H., and Liao, G. K. (2020). The heterogeneous impact of financial development on green total factor productivity. Front. Energy Res. 8. doi: 10.3389/fenrg.2020.00029

 Li, K., and Lin, B. (2014). The nonlinear impacts of industrial structure on China’s energy intensity. Energy 69 (may), 258–265. doi: 10.1016/j.energy.2014.02.106

 Li, K., and Lin, B. (2017). Economic growth model, structural transformation, and green productivity in China. Appl. Energy 187, 489–500. doi: 10.1016/j.apenergy.2016.11.075

 Li, L., and Liu, B. (2015). Performance, source and evolution of regional economic growth in China: based on factor decomposition. Econ. Res. J. 50 (8), 58–72.

 Liu, Y. X., Guo, Y., and Huang, C. (2023). A comparative study on the development situation and policies of offshore wind power in China and abroad. Sci. Technol. Manage. Res. 43 (08), 65–70.

 Liu, S., Hou, P., Gao, Y., and Tan, Y. (2020). Innovation and green total factor productivity in China: a linear and nonlinear investigation. Environ. Sci. Pollut. Res. 29 (9), 12810–12831. doi: 10.1007/s11356-020-11436-1

 Liu, B., Sun, Z., and Li, H. (2021). Can carbon trading policies promote regional green innovation efficiency? Empirical data from pilot regions in China. Sustainability 13 (5), 2891. doi: 10.3390/su13052891

 Lokshin, B., and Mohnen, P. (2012). How effective are level-based R&D tax credits? Evidence from the Netherlands. Appl. Econ. 44 (12), 1527–1538. doi: 10.1080/00036846.2010.543083

 Lyu, Y., Wang, W., Wu, Y., and Zhang, J. (2023). How does digital economy affect green total factor productivity? Evidence from China. Sci. total. Environ. 857, 159428. doi: 10.1016/J.SCITOTENV.2022.159428

 Männasoo, K., Hein, H., and Ruubel, R. (2018). The contributions of human capital, R&D spending and convergence to total factor productivity growth. Reg. Stud. 52 (12), 1598–1611. doi: 10.1080/00343404.2018.1445848

 Mathews, J., Thurbon, E., Kim, S. Y., and Tan, H. (2023). Gone with the wind: how state power and industrial policy in the offshore wind power sector are blowing away the obstacles to East Asia’s green energy transition. Rev. Evol. Political Eco. 4 (1), 27–48. doi: 10.1007/S43253-022-00082-7

 Naz, S., Sultan, R., Zaman, K., Aldakhil, A. M., Nassani, A. A., and Abro, M. M. Q. (2019). Moderating and mediating role of renewable energy consumption, FDI inflows, and economic growth on carbon dioxide emissions: evidence from robust least square estimator. Environ. Sci. pollut. Res. 26 (3), 2806–2819. doi: 10.1007/s11356-018-3837-6

 Nie, X., Wu, J., Wang, H., Li, L., Huang, C., Li, W., et al. (2022). Booster or stumbling block? the role of environmental regulation in the coupling path of regional innovation under the porter hypothesis. Sustainability 14 (5), 2876. doi: 10.3390/SU14052876

 Normann, E. (2017). Policy networks in energy transitions: The cases of carbon capture and storage and offshore wind in Norway. Technol. Forecasting. Soc. Change 118, 80–93. doi: 10.1016/j.techfore.2017.02.004

 Oh, D. (2010). A global Malmquist-Luenberger productivity index. J. Productivity. Anal. 34 (3), 183–197. doi: 10.1007/s11123-010-0178-y

 Porter, M. E., and van der Linde, C. (1995). Toward a new conception of the environment-competitiveness relationship. J. Econ. Perspect. 9 (4), 97–118. doi: 10.2307/2138392

 Poulsen, T., and Lema, R. (2017). Is the supply chain ready for the green transformation? The case of offshore wind logistics. Renew. Sustain. Energy Rev. 73, 758–771. doi: 10.1016/j.rser.2017.01.181

 Rashedi, A., Sridhar, I., and Tseng, K. J. (2012). Multi-objective material selection for wind turbine blade and tower: Ashby’s approach. Mater. Des. 37, 521–532. doi: 10.1016/j.matdes.2011.12.048

 Rath, B. N., Akram, V., Bal, D. P., and Mahalik, M. K. (2019). Do fossil fuel and renewable energy consumption affect total factor productivity growth? Evidence from cross-country data with policy insights. Energy Policy 127, 186–199. doi: 10.1016/j.enpol.2018.12.014

 Rentier, G., Lelieveldt, H., and Kramer, G. J. (2023). Institutional constellations and policy instruments for offshore wind power around the North sea. Energy Policy 173, 113344. doi: 10.1016/J.ENPOL.2022.113344

 Roberts, S. H., Foran, B. D., Axon, C. J., Warr, B. S, and Goddard, N. H. (2018). Consequences of selecting technology pathways on cumulative carbon dioxide emissions for the United Kingdom. Appl. Energy 228, 409–425. doi: 10.1016/j.apenergy.2018.06.078

 Shah, K. A., Meng, F., Li, Y., Nagamune, R, Zhou, Y, Ren, Z, and Jiang, Z. (2021). A synthesis of feasible control methods for floating offshore wind turbine system dynamics. Renew. Sustain. Energy Rev. 151 (1), 111525. doi: 10.1016/j.rser.2021.111525

 Shao, S. A., Luan, R. R., Yang, Z. B., and Li, C. Y. (2016). Does directed technological change get greener: empirical evidence from Shanghai’s industrial green development transformation. Ecol. Indic. 69, 758–770. doi: 10.1016/j.ecolind.2016.04.050

 Shao, X., Zhong, Y., Liu, W., and Li, R. Y. M. (2021). Modeling the effect of green technology innovation and renewable energy on carbon neutrality in N-11 countries? Evidence from advance panel estimations. J. Environ. Manage. 296, 113189. doi: 10.1016/j.jenvman.2021.113189

 Shi, J., Hu, X., Dou, S., Alemzero, D., and Alhassan, E. A. (2023). Evaluating technological innovation impact: an empirical analysis of the offshore wind sector. Environ. Sci. Pollut. Res. 30 (8), 20105–20120. doi: 10.1007/S11356-022-23521-8

 Song, M., Du, J., and Tan, K. H. (2018). Impact of fiscal decentralization on green total factor productivity. Int. J. Production. Econ. 205, 359–367. doi: 10.1016/j.ijpe.2018.09.019

 Sun, H., Edziah, B. K., Kporsu, A. K., Sarkodie, S. A., and Taghizadeh-Hesary, F. (2021). ‘Energy efficiency: the role of technological innovation and knowledge spillover’, Technol. Forecast. Soc Change 167, 120659. doi: 10.1016/j.techfore.2021.120659

 Tian, Y., Song, W., and Liu, M. (2021). An assessment of how environmental policy affects urban innovation: evidence from China’s low-carbon pilot cities program. Econ. Anal. Pol. 71 (96), 41–56. doi: 10.1016/j.eap.2021.04.002

 Tu, Q., Mo, J., Liu, Z., Gong, C., and Fan, Y. (2021). Using green finance to counteract the adverse effects of COVID-19 pandemic on renewable energy investment-The case of offshore wind power in China. Energy Policy 158, 112542. doi: 10.1016/J.ENPOL.2021.112542

 van der Loos, H. A., Negro, S. O., and Hekkert, M. P. (2020). Low-carbon lock-in? Exploring transformative innovation policy and offshore wind energy pathways in the Netherlands. Energy Res. Soc. Sci. 69, 101640. doi: 10.1016/j.erss.2020.101640

 Velenturf, A. (2021). A framework and baseline for the integration of a sustainable circular economy in offshore wind. Energies 14 (17), 5540. doi: 10.3390/EN14175540

 Wang, S. J. (2017). Impact of FDI on energy efficiency: an analysis of the regional discrepancies in China. Nat. Hazards. 85 (2), 1209–1222. doi: 10.1007/s11069-016-2629-x

 Wang, X., Jiang, Z., and Zheng, Y. (2020). Effect of innovation policy mix on innovation efficiency: evidence from Chinese wind power industry chain. Sci. Public Policy 47 (1), 31–46. doi: 10.1093/scipol/scz043

 Wang, B., and Liu, G. (2015). Energy conservation and emission reduction and China’s green economic growth—Based on a total factor productivity perspective. China Ind. Econ. 5, 57–69.

 Wang, K. L., Pang, S. Q., Ding, L. L., and Miao, Z. (2020). Combining the biennial Malmquist-Luenberger index and panel quantile regression to analyze the green total factor productivity of the industrial sector in China. Sci. Total. Environ. 739, 140280. doi: 10.1016/j.scitotenv.2020.140280

 Wang, X., Sun, C., Wang, S., Zhang, Z., and Zou, W. (2018). Going green or going away? A spatial empirical examination of the relationship between environmental regulations, biased technological progress, and green total factor productivity. Int. J. Environ. Res. Public Health 15 (9), 1917–1933. doi: 10.3390/ijerph15091917

 Wei, Y., Lin, X., and Liu, B. (2014). The development trend and inspiration of the global offshore wind power industry. Econ. Rev. J. 06), 87–91. doi: 10.16528/j.cnki.22-1054/f.2014.06.003

 Wieczorek, A. J., Negro, S. O., Harmsen, R., Heimeriks, G. J., Luo, L, and Hekkert, M. P. (2013). A review of the European offshore wind innovation system. Renew. Sustain. Energy Rev. 26, 294–306. doi: 10.1016/j.rser.2013.05.045

 Wu, J., Nie, X., Wang, H., and Li, W. (2023). Eco-industrial parks and green technological progress: Evidence from Chinese cities. Technol. Forecast. Soc Change 189, 122360. doi: 10.1016/j.techfore.2023.122360

 Xu, L., Li, F., and Peng, H. (2015). Development of offshore wind power and its environmental problems in China. China Population. Resour. Environ. S1), 135–138.

 Xu, Q. Q., Wang, L., and Zhu, Y. (2019). The effect of OFDI intensity on TFP: the moderating role of RandD. Transform. Bus. Econ. 18 (3C), 381–393.

 Xu, Y., Yang, K., and Zhao, G. (2021). The influencing factors and hierarchical relationships of offshore wind power industry in China. Environ. Sci. pollut. Res. 28 (37), 52329–52344. doi: 10.1007/S11356-021-14275-W

 Yang, X., Li, X., and Zhou, D. (2015). Study on the difference and convergence of carbon productivity in Chinese manufacturing. J. Quantitative. Technol. Econ. 32 (12), 3–20. doi: 10.13653/j.cnki.jqte.2015.12.001

 Yu, L., and Cai, Y. (2021). Do rising housing prices restrict urban innovation vitality? Evidence from 288 cities in China. Econ. Anal. Pol. 72 (2021), 276–288. doi: 10.1016/j.eap.2021.08.012

 Zhang, J. (2008). Estimation of China’s provincial capital stock, (1952–2004) with applications. J. Chin. Econ. Bus. Stud. 6 (2), 177–196. doi: 10.1080/14765280802028302

 Zhang, S. P. (2015). Evaluating the method of total factor productivity growth and analysis of its influencing factors during the economic transitional period in China. J. Clean. Prod. 107, 438–444. doi: 10.1016/j.jclepro.2014.09.097

 Zhang, D. (2021). Marketization, environmental regulation, and eco-friendly productivity: A Malmquist-Luenberger index for pollution emissions of large Chinese firms. J. Asian Econ. 76, 101342. doi: 10.1016/j.asieco.2021.101342

 Zhang, D., and Du, P. (2020). How China “Going green” Impacts corporate performance? J. Clean. Prod. 258, 120604. doi: 10.1016/j.jclepro.2020.120604

 Zhang, Y. J., Liu, Z., Zhang, H., and Tan, T. D. (2014). The impact of economic growth, industrial structure and urbanization on carbon emission intensity in China. Nat. Hazards. 73 (2), 579–595. doi: 10.1007/s11069-014-1091-x

 Zhang, J., Lu, G., Skitmore, M., and Ballesteros-Pérez, P. (2021). A critical review of the current research mainstreams and the influencing factors of green total factor productivity. Environ. Sci. pollut. Res. 28 (27), 35392–35405. doi: 10.1007/s11356-021-14467-4

 Zhang, J., and Wang, H. (2022). Development of offshore wind power and foundation technology for offshore wind turbines in China. Ocean. Eng. 266, 113256. doi: 10.1016/J.OCEANENG.2022.113256

 Zhang, Q., Yan, F. H., Li, K., and Ai, H. S. (2019). Impact of market misallocations on green TFP: evidence from countries along the Belt and Road. Environ. Sci. pollut. Res. 26 (34), 35034–35048. doi: 10.1007/s11356-019-06601-0

 Zhao, X., Nakonieczny, J., Jabeen, F., Shahzad, U., and Jia, W. (2022). Does green innovation induce green total factor productivity? Novel findings from Chinese city level data. Technol. Forecast. Soc Change 185, 122021. doi: 10.1016/j.techfore.2022.122021

 Zhao, L., Sun, J., Zhang, L., He, P., and Yi, Q. (2020). Effects of technology lock-in on enterprise innovation performance. Eur. J. Innov. Manage. 24 (5), 1782–1805. doi: 10.1108/EJIM-06-2020-0206

 Zountouridou, E. I., Kiokes, G. C., Chakalis, S., Georgilakis, P. S., and Hatziargyriou, N. D. (2015). Offshore floating wind parks in the deep waters of Mediterranean Sea. Renew. Sustain. Energy Rev. 51, 433–448. doi: 10.1016/j.rser.2015.06.027




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2023 Zhang and Wei. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fevo-11-1251787-g002.jpg





OEBPS/Images/im2.jpg





OEBPS/Images/M2.jpg
1

D> [ 1,
s g ) = s o T 2 g P E )

s34 = v
PIETIEE Y ]
LKA = Gy

K o1, 20, Yk, 2 0Vmd 20V

L‘..%z

@





OEBPS/Images/M6.jpg
ILn(GTFP,) = & + pOWPPs;, + yControls;, + U; + n, + &, (6)





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Offshore wind power policies and green total factor productivity: empirical evidence from coastal China

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results and discussion

        



        		

          Highlights

        



        		

          1 Introduction

        



        		

          2 Research hypothesis

        



        		

          3 Methodology

        

          		

            3.1 Measurement of GTFP

          



          		

            3.2 DID method

          



          		

            3.3 Mechanism test model

          



          		

            3.4 The proposed integrated model for impacts of OWPPs on GTFP

          



        



        



        		

          4 Data

        

          		

            4.1 Data sources

          



          		

            4.2 Variables

          

            		

              4.2.1 Dependent variable

            



            		

              4.2.2 Independent variable

            



            		

              4.2.3 Control variables

            



            		

              4.2.4 Mechanism variables

            



          



          



        



        



        		

          5 Empirical results

        

          		

            5.1 Benchmark regression analysis

          



          		

            5.2 Parallel trend test

          



          		

            5.3 Robustness test

          

            		

              5.3.1 PSM-DID

            



            		

              5.3.2 Alternate dependent variable

            



            		

              5.3.3 Placebo test

            



          



          



          		

            5.4 Heterogeneity analysis

          



          		

            5.5 Mechanism analysis

          

            		

              5.5.1 Technology innovation mechanism

            



            		

              5.5.2 Marketization level mechanism

            



            		

              5.5.3 Energy intensity mechanism

            



          



          



        



        



        		

          6 Discussion

        



        		

          7 Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table4.jpg
VARIABLES

owers

Constant

Contas
Observtions
Requred
Number of groups
Province .

Yo

satisics in prehcss.
Bl s sy

&)
Shanghai

LnGTFP
o176
159
7
[

YES

o35

Yis
Yis

@)
Guangdong

LnGTFP
03617
629

s

Yis
is

(©)
Jiangsu
LnGTFP
oosie
am
000
o

YES

029

Yes
Yes

(@)
Zhejiang

f_LnGTFP
oo
oy
s
s

YES

o

i
i

5)
Fujian

f_LnGTFP
o146
10

0000

YES

om0

Yis
Yis

(6)
Liaoning

LnGTFP

Yis

Yis





OEBPS/Images/table3.jpg
Substituting

PSM-DID explained
VARIABLES variables
f_LnGTFP f_LnGTFP
(1) (&)
owrps 015 ot
69%) 610
Constant s e
(57 0
Contols Vs Yis
Observations P e
Resquared 0559 ozss
Numberof groups 0 P
Province FE Vs Yis
Yaar FE vEs E

sttt in parentheses.
p<0.01, **p<0.05, *p<O..






OEBPS/Images/im3.jpg





OEBPS/Images/logo.jpg
’ frontiers | Frontiers in Ecology and Evolution





OEBPS/Images/M1.jpg
P

) Zs B 7o 2 Yo V115 B
BT SK A <l v ST DK

124l = By Vi

!

[0





OEBPS/Images/M5.jpg
82 g)/1+ S X,
[ECTEEN y" Vg1 S

o






OEBPS/Images/fevo-11-1251787-g003.jpg
bt moian AT g






OEBPS/Images/fevo.2023.1251787_cover.jpg
& frontiers | Frontiers in Ecology and Evolution

Offshore wind power policies
and green total factor
productivity: empirical evidence
from coastal China





OEBPS/Images/M4.jpg
R G ST o
SRS, i e

@)





OEBPS/Images/fevo-11-1251787-g004.jpg





OEBPS/Images/table2.jpg
@ @ (©)

VARIABLES f_LnGTFP. f_LnGTFP. f_LnEC
owrs ooz o062+ -o2e5 o083 o207 o073
[ 616 (-1036) 2 916
LaGDP. ooz oot ooz oon o2
) 639 as 022) s
s 039" o2 osir 00 o082
[ o99)
Lnpopd 2o -3 2409
189 169 o5 @
Ed -oos0r+ s o031 0056 093 o055
(320 o) 07 ©057) (-106) @
B sz o o masees as61 “1sor
asy a2 065) a2 1) (s
Interet -000 o00s* ~o00s* o003 o001 o003
15 s (200 ) ars) 630
o1 250 25310 0291 L fres 0906
om) =) ) a1y @19
Constant o3 0000 o3 o000 0000
am) o o8 © (w02) 0
Observations 176 176 176 6 76 e
Resquared 0157 0261 o08i3 o380 o 0360
Number o groups n n n n n n
Province FE Yis i YES Yes Yes Yis
Yo FE. No i xo YES xo Yis

statisics in prehcses.
B s Sy






OEBPS/Images/M8.jpg
s
Ln(GTFPy) = 0 + [ [ 4Ty + AControl, + i+ m, + &, (8)

o





OEBPS/Images/M3.jpg
o





OEBPS/Images/fevo-11-1251787-g001.jpg
Sups
e

SIMDES modl

—

=

P

Techmlogca aovstion

Yy






OEBPS/Images/im1.jpg





OEBPS/Images/table1.jpg
Variables Symbol

Green Totl Factor

iy e
[E——
oty Chrge
Ofior ind P

e owms
vnomi o
Devopen tevd | 9
ndsl

St 5
[
Moo |
pre—

Regulation ER
[ =
- o1
by ety | B
el -
rnorsion

Mcion ot | ik

Measured methods

“The measured data maily incld inputs and outputs, which re messured using SEALDEA

and GML ndice, and s tken s log,

Logarithm of the GTF cfficincy docomposition tem.

Logarithm of the GTF technical decomposiion term,

For the it province, the year of policy implementaton and subsequent years ar st 35 1, and

the st years are st 3.0,

Logarithm of the consant prce of GDP.

Ratio of added value of tertiary sector 0 addod value of secondry sector.

Logarithm of the rtio of resident populton to dministrtive ares.

Years of schooling per capits.

Ratio oftotal investment n ndustral polltion conrol o the value added o indusral output,

Ratio ofthe nurmber of Internet sers o the total resident popultion i the region.

Ratio offorign direct investment t0 GDP.
Ratio oftota nergy consumpion o rcl GDP.

“Total number ofgreen invention patnts nd green

BRI Macketization Index.

iy model patents granted

Pt Tabaaints il of OTT atoic b LS. 0. Wik 1 soiamle caniiasian e souint Kot o the naetl caeo o Sernaits Cakboodk: o ki Aemeh s

Mean Min  Ma
02 058 0910
oo 099 0w
0% 047 0486
0 o 100
985 6w 16
s 057 e
G sas s
9263 ram 1915
003 oom ooy
20w 83000

0% ooz
o s o
S16 oo s2a0s
208 rae 248





OEBPS/Images/table5.jpg
VARIABLES

oweps 6207+ -0019 0090
(450) (-281) (-537)
Constant ~260:399" 2656 37067
(-419) (-340) (15)
Controls ES YES ES
Observations 176 176 176
Resquared o721 o818 0977
Number of groups n n n
Province Fi ES YES YES
Year FE ES YES ES

statisis n parentheses.
p<0.01, **p<0.05, *p<O.L.






OEBPS/Images/M7.jpg
M;, = oy + OOWPP;, + @Control, + A, + T, + &,  (7)





