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Since the proposal to build a strong maritime country in 2012, China’s marine economy has developed rapidly. This study, using panel data from nine southeastern coastal provinces (1999-2023), employs methods such as the hybrid control-weighting model, kernel density estimation, and factor detection to evaluate the policy effects of building a strong maritime country on coastal regions. Fujian Province exhibits the strongest policy effect, whereas Hainan Province shows a weaker effect due to a narrow industrial structure and lagging technological innovation. Marine informatization is the core driver (q = 0.964), it enhances outcomes through marine technological innovation and industrial optimization. Marine technological innovation and tertiary sector optimization account for 92.6% and 76.9% of the explanatory power, respectively, emphasizing their role in high-quality marine economic development. The study suggests that future policies should focus on enhancing informatization, technological innovation, and optimizing the tertiary sector to advance the construction of a strong maritime country.
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Highlights

	Evaluation of China’s “Strong Maritime Country” policy’s regional economic impacts.

	Marine informatization drives 96.4% of policy success, boosting technological growth.

	Technological innovation and tertiary sector optimization key to high-quality marine growth.







1 Introduction

Since the concept of building a Strong Maritime Country (SMC) was proposed in 2012, it has become a core national guide for China’s ocean development (Shi and Ma, 2019; Chen and Zheng, 2021). Driven by national policies, China’s marine economy has seen significant growth. In 2023, the national marine GDP reached 99.1 trillion yuan, accounting for 7.9% of the national economy. This represents an average annual growth rate of 6.82%, compared to 50.05 trillion yuan in 2012. As a key pillar for the construction of a SMC, coastal regions have leveraged their resource endowments and locational advantages (De Vivero and Mateos, 2010; Joshi, 2023) to take the lead in development driven by the blue economy (Lin et al., 2015; Gopal and Alverdian, 2021; That et al., 2023). However, in this process, what role has the construction of a SMC played in the economic and social development of coastal regions? Does its policy effect exhibit regional heterogeneity? Research on the construction of a SMC began shortly after the policy was proposed and has gradually enriched and developed. Focusing on the connotations and practical pathways, policy effect evaluation, and the mechanisms of influencing factors, the research has concentrated on three main directions.

The construction of a SMC, its connotations, and pathways for realization have been studied extensively. Chinese government emphasizes that the core connotation of building a SMC lies in enhancing marine resource development capabilities, promoting marine economic growth, protecting the marine ecological environment, and safeguarding national maritime rights. This has provided scholars with a theoretical foundation and research framework (Jin, 2014; Le Roy et al., 2019). Researchers have further elaborated on the connotations of building a SMC from various perspectives, including marine industries, technology, culture, management, and maritime rights, and have proposed specific pathways for achieving these goals (Tripathy et al., 2024). These include adhering to integrated land-sea planning, promoting technological innovation, and strengthening maritime rule of law (Shinohara, 2010; Mursitama and Ying, 2021; Cariou and Randrianarisoa, 2023; Wang et al., 2024). Additionally, fostering national awareness of the ocean is also regarded as an essential component in advancing the construction of a SMC (Zhang et al., 2023). Scholars have conducted numerous empirical studies on marine economic efficiency, industrial structure optimization, and ecological sustainability, exploring the driving relationship between marine resource development and economic growth (Jambeck et al., 2015; Grzechnik, 2018; Weiskopf et al., 2020; Naylor et al., 2021; Gissi et al., 2021; Tuuri and Leterme, 2023; Wernberg et al., 2024). At the same time, studies have shown that there are significant regional differences in natural endowments, industrial foundations, and policy implementation strength along China’s coastal areas, which results in regional characteristics in the implementation effects of building a SMC.

Recent reference documents the intensifying and shifting trajectories of cumulative human pressures on the ocean. The so-called “blue acceleration” in ocean uses, robust evidence for rebuilding marine life and the triple benefits of protection for biodiversity, fisheries, and climate, and forward-looking assessments of the global ocean-economy (Halpern et al., 2015; Vargas-Fonseca et al., 2024; Jouffray et al., 2020; Duarte et al., 2020; Sala et al., 2021). Framing our analysis against this body of work positions China’s SMC strategy squarely within contemporary debates on sustainability, competitiveness and governance. Regarding the evaluation of the policy effects of becoming a SMC, most current research on the effects of policies related to the construction of a SMC is theoretical, lacking systematic quantitative analysis. While some studies have affirmed the significant importance of building a SMC from the perspectives of regional economics and ecology (Wu et al., 2019; Ye et al., 2020; Yuan et al., 2022; Liu et al., 2023; Grove et al., 2024), the actual impact of policy effects on promoting regional high-quality development still needs further validation.

In recent years, some scholars have attempted to assess the effects using synthetic control methods, finding that these policies have generally promoted economic development in coastal regions (Motta et al., 2021; Gai et al., 2022). However, existing research mainly focuses on macro-level analysis, which struggles to capture the heterogeneous policy effects across different regions. In macro-policy effect evaluations, traditional methods such as simultaneous equation systems, VAR models, and DSGE models are widely used, but they have limitations in causal identification (Bryhn et al., 2020). Recently, scholars have begun to adopt counterfactual frameworks for evaluation, such as the difference-in-differences method and synthetic control method. However, these methods face certain constraints in practice, limiting their applicability (Boone et al., 2023). In this context, the regression synthetic control method proposed by Hsiao et al. combines the transparency of the synthetic control method and the flexibility of regression analysis, making it more suitable for policy evaluation with small-sample macroeconomic data (Wang et al., 2023).

Regarding the mechanisms of influencing factors, while some scholars have explored the roles of factors such as maritime informatization, technological innovation, and industrial optimization in economic growth (Selvaraj et al., 2020; Afonso et al., 2022; Xu et al., 2024), the specific pathways and relative importance of these factors in policy effects remain unclear. Particularly under the context of the transition of the marine economy toward high-quality development, the enhancement of the tertiary sector and its impact on industrial structure optimization require further empirical analysis.

A review of the relevant literature reveals that while the importance of building a strong maritime country has become a consensus, the following research questions still warrant in-depth exploration: First, regional heterogeneity of policy effects. Current studies on the policy effects of the SMC rarely focus on the differences observed across coastal provinces during policy implementation. Coastal regions differ significantly in terms of resource endowments, economic foundations, and policy responsiveness, which may lead to regional disparities in policy effects. However, existing research has mainly concentrated on overall trends at the macro level, making it difficult to capture the specific performances of different provinces. Second, the innovative application of research methods. Existing policy effect evaluation methods mainly focus on traditional econometric models, lacking the application of innovative methods. The Hybrid Control-Weighting (HCW) model, as a novel tool that combines synthetic control methods with regression analysis, has significant advantages in the counterfactual analysis of policy effects, yet its application in the marine economy field remains unexplored.

In response to the limitations of previous studies, this paper focuses on the nine provinces along the southeast coastal region of China. Using provincial panel data from 1999 to 2023, an empirical evaluation of the policy effects of the strategy for building a strong maritime country is conducted using the HCW model. By combining methods such as Kernel Density Estimation (KDE) and the factor detector, this study explores the temporal and spatial evolution characteristics of the policy effects and their influencing factors. The aim is to reveal the regional heterogeneity and underlying patterns of the strategy’s implementation at the regional level. This study uses the 8 provinces along the southeast coast as examples to provide a detailed evaluation of the policy effects across coastal provinces, revealing regional differences and their mechanisms. Through a comprehensive quantitative and qualitative analysis, the key factors influencing the policy effects and their pathways are identified. The innovative application of the HCW model provides a reference for the expansion of policy evaluation methods.

China’s SMC construction is a national policy. Yet national objectives through policy mobility processes in which ideas, instruments and standards circulate across scales and are translated by local actors into specific packages. Research shows that policies rarely move intact, they are selectively adopted, adapted and recombined. In parallel, polycentric governance theory posits that complex systems are governed by multiple centers of decision-making whose interactions generate variation in implementation and outcomes. Taken together, these lenses predict variegated local effects under a uniform national goal precisely the pattern we document for SMC across provinces. Our research design is therefore well suited to capture province specific translations of a national strategy and to link effect sizes to enabling capabilities. Firstly, situating SMC within policy mobility clarifies local assemblages of institutions, data systems, and industries mediate how national instruments work in practice. Secondly, viewing SMC through polycentric governance highlights the value of coordination and shared indicators when aligning diverse centers of decision-making, improving interoperability with international practices.

This study advances the literature in two ways relative to prior work. First, we introduce a regression-assisted synthetic control (HCW) design that produces unit-level counterfactuals for coastal provinces and achieves high pre-2013 fit, improving identification over macro-trend approaches and complementing earlier single-context evaluations. Second, we provide the first integrated empirical comparison across four key coastal provinces over 1999–2023, delivering transparent, province-specific effect paths and robustness diagnostics including in-time and in-space placebos and pre-trend balance, aligned with best practice in SCM/DiD research (Hsiao et al., 2012; Callaway and Sant’Anna, 2021; Arkhangelsky et al., 2021).




2 Materials and methods



2.1 Study area and data sources

This study is based on panel data from eight provinces (autonomous regions) in southeastern China from 2000 to 2023, including Hainan, Guangdong, Guangxi Zhuang Autonomous Region, Fujian, Jiangxi, Hunan, Guizhou, and Yunnan (Figure 1). Among these, the four coastal areas are directly affected by the policy effects of the important discourse on becoming a SMC, and thus, these four provinces (autonomous regions) are selected as the experimental group. According to the assumptions of the HCW model, the control group must meet two conditions: firstly, the cross-sectional data of the control group should be influenced by common factors with the experimental group; secondly, the economic performance of the control group should not be significantly influenced by the policy effects, or the impact should be minimal. Therefore, four inland provinces are chosen as the control group.
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Figure 1 | Research area location map.

We focus on November 2012, when the Report to the 18th CPC National Congress first formally set the goal to “build China into a maritime power,” with implementation subsequently advancing through coastal jurisdictions and ocean related sectors. Accordingly, treated units are restricted to southeastern coastal provinces, and control group are drawn from inland provinces without a coastline where direct maritime instruments do not apply. From the southeastern inland jurisdictions we select Jiangxi, Hunan, Guizhou, and Yunnan because they lack direct jurisdiction over marine functional zones and exhibit negligible marine-industry shares in official statistics minimizing policy exposure. While their geographic proximity to the treated provinces provides comparable macro conditions and strengthens the plausibility of shared common factors required for panel factor-model counterfactuals. The concept of SMC was first introduced in November 2012. Considering the potential lag in policy effects, this study designates the period from 2000 to 2012 as the observation period, with 2013 to 2023 as the window period. The data used primarily come from sources such as the China Statistical Yearbook and the China Marine Statistical Yearbook for the years 2000 to 2023. Data collection, collation, and analysis for this study were conducted in accordance with the guidelines presented in Table 1.


Table 1 | The influencing factors of policy effects on the construction of SMC.
	Variable symbols
	Variable names
	Specific indicators



	X1
	Marine Resource Endowment
	Standardized representative resource quantity multiplied by corresponding weight


	X2
	Marine Industry Optimization
	The ratio of the marine tertiary industry to the secondary industry


	X3
	Marine Human Resources
	Number of students enrolled in marine-related undergraduate programs and above


	X4
	Marine Technological Innovation
	Internal R&D expenditure of marine research institutions


	X5
	Marine Informatization Construction
	Number of internet broadband access ports


	X6
	Degree of Openness
	Ratio of total import value to GDP










2.2 Core variables and influencing factors

Based on the policy text analysis, it is clear that the development of the marine economy is an important intrinsic requirement and indicator for implementing the principle of “coordinating land and sea development and accelerating the construction of SMC.” To evaluate the impact of policy effects on economic growth in coastal areas, this study uses the actual per capita GDP growth rate as the outcome variable. This indicator comprehensively reflects the scale and efficiency of regional economic growth. To eliminate the interference of price factors, the study uses the GDP deflator with 2000 as the base year. The distribution of the policy effects of the important discourse on the construction of a strong maritime country in coastal provinces shows significant spatial heterogeneity. The economic and social development levels, as well as the technological innovation capabilities, within the region are key factors influencing the practical outcomes of the strong maritime country discourse. Based on existing relevant literature (Deng et al., 2020; Ali et al., 2024), and following the principles of scientific rigor and data availability, six variables have been selected as indicators for assessing the policy effects (Table 1).

Within the SMC strategy, marine informatization, technological innovation, and industrial optimization form an integrated pathway from capabilities to outcomes. Marine informatization build-out of digital infrastructure, data platforms, and information services for the ocean to reduces information frictions, improves real-time monitoring and coordination, and raises operational efficiency in ports, fisheries, and environmental management. Technological innovation measured through R&D investment and knowledge outputs to translates data and analytics into new products, processes, and management tools, with growing evidence that marine technology innovation promotes high-quality development in coastal regions (Miedtank et al., 2024). Industrial optimization shift toward a more advanced and rationalized structure with a larger role for high-value services to consolidates these gains by reallocating factors to more productive activities and expanding service linkages across the blue economy (Wang et al., 2023; Zhang et al., 2024). The study period spans from 2013 to 2023.

Marine resources provide the essential material conditions for the development of the maritime economy, with resource supply serving as the foundational guarantee and fundamental support for the construction of a strong maritime country. Against the backdrop of intensifying global resource competition and severe challenges to the marine ecological environment, the full utilization and rational development of marine resources can effectively promote the sustainable development of national economy and technology. The calculation formula is as follows:

X1=∑
 ωizi

(1)

In Equation 1, i=1, 2, …… ,5
 the variables represent the output of marine capture fisheries, mariculture production, marine crude oil, natural gas, marine mining, and sea salt production. These are the data after normalization, with each indicator assigned a weight of 0.2. China’s marine economy is undergoing a transformation, as emphasized by the central government, from a growth model based on speed and scale to one focused on quality and efficiency. The optimization of the marine industrial structure directly influences the development of a SMC and the high-quality growth pattern. On the one hand, optimizing the marine industry can improve resource allocation efficiency, enabling the intensive and efficient utilization of resources. On the other hand, optimizing the marine industry promotes the formation of industrial clusters, providing new momentum for regional economic development. Therefore, the ratio of the output value of the marine tertiary industry to that of the marine secondary industry is selected to reflect the degree of optimization in the marine industrial structure.

In the era of the knowledge economy, particularly within the practice of marine administrative management, there is an increasing emphasis on advancing governance capacity and modernizing governance systems. Building a high-quality maritime talent pool provides essential intellectual support for the development of SMC. Furthermore, a well-developed pool of marine human resources not only enhances China’s voice in global maritime affairs but also strengthens its ability to address complex marine challenges, offering professional support for global ocean governance. Accordingly, the number of undergraduate and postgraduate students enrolled in marine-related programs is selected as an indicator of marine human resources.

As global competition for marine resources intensifies, marine science and technology have become the primary driving force behind high-quality marine economic development. However, the development and utilization of marine resources in China still face significant technological and efficiency bottlenecks. Through technological innovation in areas such as deep-sea exploration and the development of marine renewable energy, the depth and breadth of marine resource utilization can be substantially improved, thereby providing a solid resource foundation for the national economy. Therefore, internal R&D expenditures of marine research institutions are selected as an indicator to reflect the intensity of marine science and technology investment.

The demand for informatization in building SMC has become increasingly pronounced. Maritime informatization serves as a critical tool for enhancing the efficiency of marine resource exploitation, environmental protection, disaster prevention, and security management. By establishing marine ecological monitoring networks and strengthening data sharing, improvements in maritime informatization can effectively enhance the protection and restoration of marine ecosystems. Moreover, it significantly improves maritime disaster early-warning capabilities and emergency response efficiency. Therefore, this study uses the number of broadband internet access ports as an indicator to measure the level of maritime informatization development in different regions.

Expanding openness to the outside world is an inherent requirement for building SMC in the era of globalization. Openness facilitates the exchange and substitution of technology, information, and resources, injecting new momentum into economic growth. Specifically, greater openness promotes technological advancements and innovation in the maritime domain, enhances national participation in global ocean governance, stimulates maritime economic development, extends the marine industrial chain, and strengthens the agglomeration effects of marine industries. In this study, the proportion of total import and export value to GDP is used as an indicator to measure the degree of openness.




2.3 HCW model

Our implementation follows the regression-assisted synthetic control logic in Hsiao et al. (2012), which uses observed donor units to approximate the unobserved counterfactual under a panel factor-model, thereby combining the interpretability of SCM with the flexibility of regression. The HCW model is a counterfactual method based on panel data, combining the Synthetic Control Method (SCM) and regression analysis as a new econometric approach (Hsiao et al., 2012) (Figure 2). It is used to evaluate the impacts of public policies and interventions, particularly effective in small-sample or panel data scenarios. For each treated coastal province, we first use policy data from 2000 to 2012 to learn a regression-assisted synthetic control from inland provinces. The algorithm searches candidate control group sets and chooses the specification that minimizes in-sample prediction error by AIC. The resulting regression coefficients summarize how the control group combines to replicate the treated unit’s pre-2013 trajectory. We then predict the counterfactual path for 2013–2023 by applying the estimated relationship to the control group’s post-2012 data. The yearly policy effect equals the difference between the observed outcome and this HCW counterfactual.

[image: Flowchart detailing a research process. It begins with “Policy Anchor (2012)” focusing on building maritime power. It continues with “Data Preparation (1999-2023)” defining treated and donor provinces. Next is “Donor Selection” using comparable provinces and pre-2013 data. “HCW fit (pre-2013)” involves regression-assisted control. Then, “Counterfactual Path (2013-2023)” predicts outcomes. “Effect Estimation” calculates effects. Finally, “Robustness & Reporting” involves testing and interpretation.]
Figure 2 | HCW model’s flowchart.

This method integrates the transparency of the synthetic control approach with the flexibility of regression analysis, which effectively improves the accuracy and robustness of the evaluation. On one hand, the synthetic control method provides a more intuitive comparison between the intervention and control units in policy evaluation; on the other hand, regression analysis helps control potential confounding variables, thereby making the analysis more robust. Consequently, by using data from the control group, the counterfactual values for the experimental group that did not implement the policy can be estimated, and the gap between the actual and counterfactual values is measured. The specific steps are as follows:

Let Yit0
 represent the outcome for region i at time t before the intervention of the policy effect. The factor model for its generation process is in the Equation 2: ft
 represents a K-dimensional vector of common factors; denotes the coefficients of the vector; represents the region-specific fixed effects; and is the random disturbance term, varying over time and satisfying E(ϵit
)=0.

Yit0=bi'ft+αi+ϵit

(2)

Let Yit1
 and Yit0
 denote the outcomes of region i at time t under the intervention and non-intervention scenarios, respectively. The policy effect can then be expressed as in Equation 3. However, Yit1
 and Yit0
 cannot be observed simultaneously. Therefore, a dummy variable dit
 is introduced to indicate whether region i at time t is affected by the policy intervention. If the region is affected, dit
=1; otherwise, dit
=0. The observed outcome can then be expressed as in Equation 4.

 Δit=Yit1−Yit0

(3)

Yit=ditYit1+(1−dit)Yit0

(4)

Assuming Yt=
( Y1t
, ……, YNt
 ) is an N×1 column vector at time t, prior to the policy effect taking place, we have seen it in Equations 5–8. If region i is subject to the policy intervention effect while other regions remain unaffected, without loss of generality, let i = 1. Then, If Yit0
 cannot be observed, it can be estimated using the counterfactual approach. Hsiao and other scholars have noted that due to the presence of common factors, there is certain cross-sectional correlation among units. Therefore, Yit0
 can be approximated by substituting it with Yt
˜
=(Y2t
˜
,……,YNt
˜
)
, yielding the ‘counterfactual’ value that represents the outcome unaffected by policy effects.

Yt=Yt0,t=1,⋯⋯,T1

(5)

Y1t=Y1t1,t=T1 +1,……,T

(6)

Yit=Yit0,i=2, …… ,N, t=1,……,T

(7)

Y1t0
˜
=α¯
+α*Yt
˜


(8)

In the practical application of this method, various approaches can be used to select the control group, and it is not necessary to include all provinces or regions as controls. The specific selection steps are as follows: among the N-1 cross-sectional units, select j units at random to predict and fit Yit0
. Based on the goodness-of-fit, the equation with the best fitting performance is chosen from M(j) and denoted as M(j)*, where j = 1, 2,…, N-1. Using the model fitting criteria, the optimal control group M(m)* is selected from M(1)*, M(2)*, ⋯, M(N-1)*. In summary, the policy effect of the strategic discourse on building a maritime power during period t can be measured as follows in Equation 9. The average effect of the policy during the study period can also be calculated in Equation 10.

Δit=
˜
Yit1−Y1t0
˜
,t=T1+1,……,T

(9)

Δ1=1T−T1


˜
∑t=T1+1TΔ1t
˜




(10)




2.4 Kernel density estimation

KDE is a non-parametric statistical method used to estimate the probability density function of a random variable. Compared to traditional histogram methods, KDE provides a smoother and more accurate representation of data distribution characteristics. It is widely applied in fields such as data exploration, probability density estimation, and pattern recognition. Assuming the random variables x1, x2, ⋯, xn are independent and identically distributed, the kernel density estimation can be expressed as Equation 11:

fh(x)=1nh

∑i=1nk(x−xi
h

)




(11)

Where fh(x)
 is the estimated probability density function, xi represents the observed sample points, n is the number of samples, h is the bandwidth controlling the smoothness, and K is the kernel function, typically chosen as a smooth and symmetric function such as the Gaussian kernel.




2.5 Robustness and sensitivity analyses

We implement diagnostics consistent with recent advances in policy evaluation. First, pretrend balance and fit quality are assessed over 2000–2012; the HCW pre-policy fits achieve high goodness of fit (all R2>0.8). Second, placebo-in-time tests reassign treatment to pre-2013 years and re-estimate HCW; no systematic effects appear, indicating that detected impacts are not driven by spurious pre-trends. Third, placebo-in-space rotates each donor province as if treated; the realized effects for treated provinces lie outside the bulk of the placebo distributions. Policy-timing sensitivity acknowledges the national policy anchor in November 2012 and evaluates 0–2-year lags. Together, these checks can confirm that the province-level effects results are credible and stable.





3 Results



3.1 Policy effect evaluation results

Following the outlined methods and procedures, this study employed sample data from the pre-implementation period of the construction of SMC (2000-2012). Using stepwise regression and the Akaike Information Criterion (AIC), the optimal fitted equations and corresponding weights were determined. The R² values of the fitted equations all exceeded 0.8, demonstrating a high degree of goodness-of-fit. This indicates that the selected control group effectively captures the actual per capita GDP growth trends of coastal regions prior to the policy implementation. These results provide a robust basis for estimating the counterfactual economic trajectory of the coastal provinces under the influence of policy effects (2013-2023). Based on this, the study plotted the actual per capita GDP growth rates and the counterfactual fitted values for the four coastal provinces (or autonomous regions) during the sample period.

From Figures 3A-D, it is evident that prior to the implementation of the build SMC, the actual per capita GDP growth rates in the coastal provinces aligned closely with the counterfactual trends. The model exhibited good fitting accuracy, particularly at key turning points, with minimal errors, verifying the reliability of the counterfactual path. Based on these fitted results, the annual differences between the actual and counterfactual values for each coastal province (or autonomous region) were calculated to quantify the policy effects, as shown in Table 2. The construction of SMC has significantly driven economic growth and social development in coastal areas, although notable regional heterogeneity in the policy effects exists. On average, the policy contributed an annual increase of 0.208% to the actual per capita GDP across all coastal regions during the study period.

[image: Four line graphs compare per capita GDP growth rates from 2000 to 2023 for Hainan, Fujian, Guangdong, and Guangxi. Each graph shows a blue line for factual values and a red dashed line for counterfactual values, with a vertical dashed line marking the 2012 policy implementation. Growth rates vary significantly over time.]
Figure 3 | Actual and counterfactual annual per-capita GDP growth rates before and after the implementation of the SMC policy (A) Hainan; (B) Fujian; (C) Guangdong; (D) Guangxi).


Table 2 | Measured policy effects of the SMC policy (2013–2023).
	Year province
	Hainan
	Fujian
	Guangdong
	Guangxi
	Mean policy effects (%)



	2013
	0
	-0.48
	4.95
	0.26
	1.18


	2014
	0.29
	-0.82
	6.9
	1.05
	1.86


	2015
	-1.4
	-1.99
	6.09
	4.02
	1.68


	2016
	-2.51
	-0.03
	5.44
	0.32
	0.81


	2017
	-0.92
	2.34
	-13.43
	-1.2
	-3.3


	2018
	-2.17
	5.68
	-8.29
	-2.56
	-1.84


	2019
	0.19
	3.31
	1.04
	1.41
	1.49


	2020
	-2.33
	1.17
	-1.74
	1.7
	-0.3


	2021
	-0.64
	1.08
	0.9
	1.07
	0.6


	2022
	-1.74
	0.63
	-2.13
	-0.94
	-1.05


	2023
	1.41
	0.78
	1.43
	1.03
	1.16


	Mean (%)
	-0.89
	1.06
	0.11
	0.56
	1.18







Between 2013 and 2023, the average policy effects varied significantly among the provinces, with Fujian experiencing the highest positive effect and Hainan showing relatively weaker results. The measured policy effects across Hainan, Fujian, Guangdong, and Guangxi ranged between -13.43% and 5.68%, with the minimum (-13.43%) occurring in Guangdong in 2017 and the maximum (5.68%) in Fujian in 2018. The ranking of average policy effects from largest to smallest is as follows: Fujian (1.06%), Guangxi (0.56%), Guangdong (0.11%), and Hainan (-0.89%). This indicates that, since the national initiative to promote the construction of SMC in 2012, all provinces except Hainan have experienced positive incentives and growth-promoting effects. Consequently, further analysis of Hainan’s construction practices is warranted in the subsequent factor analysis. Additionally, the annual distribution of policy effects for the four coastal provinces (or autonomous regions) during 2013–2023 falls within the range [-3.30, 1.86]. Negative average policy effects were observed in 2017, 2018, 2020, and 2022, while the remaining years exhibited positive values.





3.2 Factor identification results

The factor detection results (Table 3) show that the p-values for all selected factors are less than 0.1, indicating that each factor significantly influences the policy effects of build SMC. In terms of q-values, the ranking of influence is as follows: marine informatization > marine technological innovation > marine industrial optimization > marine human resources > marine resource endowment > level of openness. Therefore, marine informatization emerges as the primary driving factor, with an explanatory power of 96.4%, followed by marine technological innovation and marine industrial optimization, with explanatory powers of 92.6% and 76.9%, respectively.


Table 3 | Results of factor detection.
	Influencing factors
	q-value
	p-value



	X1: Marine Resource Endowment
	0.386
	0.085


	X2: Optimization of Marine Industry
	0.769
	0.010


	X3: Marine Human Resources
	0.724
	0.015


	X4: Marine Technological Innovation
	0.926
	0.001


	X5: Marine Informatization Development
	0.964
	0.0002


	X6: Level of Openness to Trade
	0.307
	0.077







As shown in Table 3, marine informatization emerges as the core driving force behind the construction of a “marine power.” Informatization directly injects new momentum into the marine economy by enhancing industrial efficiency while indirectly supporting the realization of national marine development goals through its cascading effects on related factors. Advancements in information technology drive innovation and application in marine science and technology, enabling the marine economy to evolve toward high-tech, high-value-added industries. Notably, the emergence of new marine industries, such as marine biotechnology, marine pharmaceuticals, seawater utilization, and marine renewable energy—relies heavily on the application of information technologies. These advancements significantly enhance resource utilization efficiency, reduce dependence on traditional energy sources, and promote the development of a green, sustainable marine economic model.

In terms of marine industrial structure optimization, improving the quality and efficiency of the tertiary sector is particularly critical. Traditional marine economic growth has predominantly relied on resource-based and labor-intensive primary and secondary industries. However, the growth of the tertiary sector signifies improvements in the quality and effectiveness of the marine economy. The deepening level of marine informatization provides robust support for the tertiary sector, particularly in marine services, coastal tourism, and marine finance. By leveraging information technology, service efficiency and quality can be significantly enhanced. The development of the tertiary sector greatly improves the overall quality of the marine economy, facilitating its transformation from a production-driven growth model to one that prioritizes innovation and efficiency. Continuous optimization of the industrial structure not only strengthens the competitiveness of the marine economy but also effectively drives related industries, achieving coordinated development across entire industrial and supply chains.

Marine technological innovation plays an indispensable role in the development of SMC, with highly skilled marine professionals serving as the essential foundation for innovation. The research, development, and application of technological advancements heavily depend on a well-established talent pool. Therefore, fostering and attracting high-level marine talent with specialized knowledge and innovative capabilities is a prerequisite for driving technological innovation and ensuring high-quality economic development. Furthermore, improvements in marine informatization provide expanded opportunities and platforms for talent development. The construction of efficient information networks facilitates knowledge dissemination and sharing, enhances cross-regional collaboration in marine scientific research, and accelerates the application and transformation of innovative outcomes.




3.3 Analysis of policy effects by province

As shown in Figure 4A, between 2013 and 2023, the policy effects exhibited a “W-shaped” fluctuation trend, characterized by an initial rise, a subsequent decline, and a gradual recovery. Despite periodic fluctuations, the overall effect has been positive, fostering economic growth in coastal provinces. As illustrated in Figure 4B and Table 2, the policy effects across Hainan, Fujian, Guangdong, and Guangxi exhibited distinct evolutionary characteristics during 2013-2023.

[image: Two line charts showing trends in policy effects from 2013 to 2023. The left chart depicts average policy effects in coastal provinces, with a fluctuating blue line and a red dashed mean. The right chart compares policy effectiveness in Hainan, Fujian, Guangdong, and Guangxi, each represented by distinct colors and styles. Both charts illustrate variations over the years.]
Figure 4 | Trends in policy effects from 2013 to 2023 ((A) Average Policy Effects Across Provinces; (B) Policy Effects by Province).

Hainan Province demonstrated relatively low average policy effects, with limited driving force, recording an effect of only -0.89%. Hainan’s implementation of the SMC benefitted from abundant coastal tourism resources, as its tertiary marine industry, particularly coastal tourism, has played a prominent role in driving economic growth. However, Hainan’s overall marine economy remains small in scale, with relatively low technological capabilities and a single-dominant industrial structure. Consequently, while policy effects in Hainan have remained stable, their magnitude has been relatively modest, reflecting limited growth in its marine economic development.

Fujian Province demonstrated relatively high policy effects, with an average impact of 1.06%, indicating strong momentum in driving marine economic development. Fujian capitalized on key opportunities such as the construction of the Straits Blue Economic Experimental Zone, the “21st Century Maritime Silk Road,” and the Free Trade Pilot Zone. The policy effect peaked in 2015, showing a robust growth trend. By 2020, Fujian’s marine GDP reached 1.05 trillion yuan, ranking third nationwide after Shandong and Guangdong, reflecting significant progress in marine economic development. Post-2020, the policy effect stabilized at a high level, highlighting the success of Fujian’s strategic marine economic layout.

Guangdong Province exhibited a moderate average policy effect of 0.11%, with noticeable annual fluctuations. Guangdong, endowed with abundant marine resources and a strong capacity for innovation, leads the nation in marine economic competitiveness. However, high population density has led to over-exploitation of marine resources, placing pressure on the environment. The policy effect turned negative in 2017, suggesting that resource carrying capacity had become a limiting factor for Guangdong’s sustainable marine economic growth. Under policy guidance, Guangdong has made strides in promoting green development, with the policy effect gradually recovering to a moderate level, reflecting the province’s transition toward sustainable marine resource management.

Guangxi Zhuang Autonomous Region displayed a moderate average policy effect of 0.56%, indicating steady progress. Guangxi, with relatively low marine resource utilization, primarily focuses on labor-intensive marine industries such as fisheries and shipbuilding, while emerging marine industries remain underdeveloped. In recent years, Guangxi has actively integrated into the Belt and Road Initiative and strengthened marine trade cooperation with ASEAN countries (Rosnani et al., 2022). Growth in marine transportation and coastal tourism, as part of the tertiary sector, has driven an increase in Guangxi’s marine economic growth rate. The policy effect has stabilized since 2018, reflecting significant achievements in adjusting the region’s marine economic structure.

From Figure 5, several observations can be made. Firstly, regional disparities in policy effects were significant during the initial period (2013-2016), as evidenced by the large box sizes, indicating substantial differences across provinces. During this early phase, variations in resource endowments, economic foundations, and responsiveness to policy implementation contributed to a more dispersed spatial distribution of effects. Secondly, in 2017, an increase in outliers was observed. Although the box size shrank after 2017, the presence of numerous outliers suggests that while policy effects became more concentrated, certain regions exhibited extreme deviations. These outliers may result from differences in policy adaptability or implementation intensity across regions. Thirdly, from 2018 onward, policy effects stabilized, with progressively smaller box sizes and more concentrated data distributions. Particularly after 2020, the absence of significant outliers and reduced box size highlight a substantial decline in regional disparities. This trend reflects the gradual implementation of policies, leading to convergence and consistency in policy effects across coastal regions.

[image: Boxplot showing annual variation in policy effects from 2013 to 2023. The y-axis shows policy effects in percentage, ranging from approximately -14% to 8%. Each year displays median, quartiles, and outliers. Notable variability occurs in 2016 and 2018.]
Figure 5 | Annual boxplot of policy effects (2013–2023).




3.4 Kernel density analysis of policy effects

The initial regional disparities can be attributed to differences in natural resource endowments, economic foundations, and varying levels of responsiveness to policy implementation. During the early stages of SMC, policy effects exhibited considerable dispersion. However, as policy implementation deepened, the positive effects expanded, institutional benefits were realized, and regional economic growth and policy effects converged.

From the results of the KDE in Figure 6, the following conclusions can be drawn: Firstly, the kernel density curves reveal regional differences in the distribution of policy effects. The centers of density functions for Hainan and Fujian are close to zero, indicating neutral or stable policy effects. In contrast, Guangdong’s distribution leans toward negative values, reflecting certain adverse effects of the policy in this region. Secondly, in terms of shape, the density curves for Fujian and Guangxi exhibit high and narrow peaks, indicating stable policy effects with minimal fluctuations. Conversely, Guangdong’s curve is flatter and wider, demonstrating greater dispersion in policy effects, which may be linked to intensive marine resource exploitation and high population density. Thirdly, the extent of distribution varies significantly across regions. Guangdong’s kernel density curve extends further into the negative range, highlighting pronounced imbalances in policy effects, whereas Hainan and Fujian show more concentrated distributions, suggesting smaller regional gaps. Fourthly, no significant bimodal structure is observed, indicating that while regional disparities exist, there is no evidence of clear polarization. Although Guangdong shows relatively lower policy effects, the differences compared to other regions remain modest, and no extreme divergence trends have emerged.

[image: Density plot titled “Dynamic Evolution Trend of Policy Effects (Epanechnikov Kernel Function)” showing policy effects by region: Hainan (blue), Fujian (red), Guangdong (green), and Guangxi (magenta). The density curves for Fujian and Guangxi exhibit high and narrow peaks, while Guangdong’s curve is flatter and wider.]
Figure 6 | Kernel density distribution of policy effects in four southeastern coastal provinces (2013-2023).

Overall, the KDE reveals regional disparities in policy effects across Hainan, Fujian, Guangdong, and Guangxi. Hainan and Fujian exhibit relatively stable and concentrated policy effects, while Guangdong shows significant volatility. Over time, spatial differences in policy effects across the four provinces gradually converge, reflecting the incremental changes in marine economic development following policy implementation.





4 Discussion

This study provides a rigorous empirical assessment of China’s SMC policy and offers practical guidance for improving policy design and implementation in coastal provinces. Against the backdrop of China’s accelerated efforts to build a maritime power, the evaluation of policy implementation effectiveness is instrumental not only in assessing the impact of policies on coastal economic growth but also in informing the refinement of policy formulation. Although prior studies on the maritime economy and policy evaluation have yielded valuable insights, they predominantly focus on macro-level trend analysis (Gai et al., 2022), with limited exploration of regional disparities and the spatial dynamics of policy effects.

By employing panel data in conjunction with the HCW model and kernel density estimation, this study quantitatively analyzes policy effects and uncovers variations in implementation and trends across provinces, offering practical guidance for policymaking. Importantly, the study emphasizes the regional heterogeneity of policy effects, underscoring the significance of tailoring maritime development policies to local contexts. Findings reveal that policy effects are most pronounced in Fujian Province, highlighting the critical roles of resource endowment, economic foundation, and policy responsiveness in determining implementation outcomes. Conversely, the relatively weaker policy effects in Hainan Province, attributed to its narrow industrial structure and lagging technological innovation, further underscore the importance of optimizing regional industrial structures and advancing technological capabilities as key pathways to enhance policy effectiveness (Gissi et al., 2021).

The analysis of interregional differences not only deepens the understanding of policy implementation outcomes but also provides a foundation for developing more targeted and differentiated policies. Additionally, conventional methods for evaluating policy effects, such as difference-in-differences and synthetic control models, often face limitations in causal inference and small-sample analyses. By introducing the HCW model, this study achieves greater flexibility and accuracy in evaluating macro-level policy effects. The integration of kernel density estimation and geographical detectors complements this approach, offering multidimensional insights into the spatiotemporal evolution of policy effects and their key drivers. This methodological synthesis provides significant reference value for related research fields and establishes a systematic analytical framework for future studies.

Focusing on the mechanisms driving policy effects, the study identifies maritime informatization, technological innovation, and industrial structure optimization as pivotal factors in enhancing policy outcomes. The findings demonstrate that informatization accounts for 96.4% of the explanatory power for policy effects, establishing it as the core driver of high-quality maritime economic development. Technological innovation contributes to economic sustainability by advancing technological capabilities and resource utilization efficiency, while the optimization of the tertiary sector further enhances resource allocation efficiency, injecting new momentum into regional economies. These findings not only offer actionable directions for policy refinement but also underscore the synergistic roles of various driving factors in promoting maritime economic development.

Our factor detection quantifies associations between policy effects and candidate drivers, but it does not identify causality. We identify two threats, namely reverse causality, in which regions with stronger performance subsequently invest more in informatization, and omitted variable bias arising from factors that move jointly with both the proposed drivers and the outcomes. In this study, the HCW framework identifies the policy effect on outcomes via a counterfactual path. The factor results should therefore be read as mechanism hypotheses that organize heterogeneity rather than as causal estimates (Hsiao et al., 2012).

This study employs the HCW model for quantitative analysis and finds that the policy effect is most pronounced in Fujian Province, whereas Hainan Province, constrained by a single industrial structure and lagging technological innovation, exhibits relatively weak policy effects. These findings align with previous research indicating that the economic growth-promoting effects of marine economic policies vary across regions due to differences in resource endowments and industrial structures (Zhang et al., 2023). Moreover, other scholars have highlighted that the effectiveness of marine policy implementation is closely linked to regional levels of technological innovation, a conclusion that corresponds with this study’s factor analysis identifying marine technological innovation as a critical driving factor (Wang et al., 2024).

The kernel density estimation in this study further reveals the spatiotemporal evolution of policy effects, showing significant regional disparities during the early stages of policy implementation that gradually diminish as the policies are fully enacted. Similarly, prior research utilizing kernel density functions to study the spatial patterns of China’s marine economic development noted that the release of policy dividends fosters balanced regional development. However, this study expands on existing research by identifying the pivotal role of informationization in this process, thereby deepening the understanding of policy mechanisms (Gai et al., 2022). Furthermore, most existing studies focus on single-dimensional analyses of policy effects, such as marine resource utilization efficiency or ecological benefits (Chen and Zheng, 2021). This study, however, adopts an integrated evaluation framework that incorporates economic growth, technological innovation, and industrial structure optimization, systematically uncovering the combined influence of multiple factors. This methodological advancement significantly enhances the comprehensiveness and applicability of the analysis, offering valuable insights for future research.

The regional heterogeneity analysis in this study shows that Fujian, Guangxi, and Guangdong Provinces exhibit varying degrees of positive policy effects, while Hainan Province demonstrates negative effects. These results contrast with existing studies emphasizing the positive impacts of the Hainan Free Trade Zone policies on economic growth (Wang et al., 2023). The evidence suggests a composition capacity channel. A service heavy marine economy with limited upstream manufacturing and producer services reduces agglomeration and knowledge diffusion, which lowers returns to national policy inputs (Zhang et al., 2024). Lower R&D intensity and thinner digital infrastructure further slow the translation of policy tools into productivity gains, in line with studies that link innovation and data systems to blue-growth performance (Liu et al., 2021; Halpern et al., 2012). Differences in foreign direct investment also help explain the gap, such as service oriented inflows generate smaller technology spillovers than export or R&D intensive inflows, whereas Fujian benefits from stronger industrial linkages. In Fujian, policy openness under the Fujian Pilot Free Trade Zone, dense industrial linkages across manufacturing and producer services, and plan-led coordination consistent with maritime spatial planning collectively strengthen knowledge diffusion, reduce transaction costs, and improve cross-sector alignment in ports, logistics, fisheries, and conservation. This configuration offers a coherent explanation for Fujian’s higher policy returns relative to peer provinces.

This paper contributes to understanding the muted policy effects in Hainan under the marine power strategy, attributing the outcome primarily to its single industrial structure and relatively low level of informationization. China’s SMC operates within the international legal baseline provided by the United Nations Convention on the Law of the Sea (UNCLOS). At the outcome level, SMC goals are consistent with SDG 14 (conserve and sustainably use oceans, seas and marine resources), which offers measurable targets for pollution reduction, protection, and sustainable use. The EU Integrated Maritime Policy and the EU Maritime Spatial Planning (MSP) Directive institutionalize cross-sector coordination and ecosystem-based planning. Member states must produce MSP plans that balance economic, social, and environmental objectives.

This study provides empirical evidence of the policy effects of the Marine Power Strategy on regional economic development, highlighting its heterogeneous characteristics across different regions and the underlying mechanisms. First, the findings reveal significant regional heterogeneity in policy effects, indicating that variations in resource endowment, industrial structure, and technological innovation levels among coastal regions substantially influence policy outcomes. This underscores the importance of tailoring resource allocation and developing differentiated strategies based on regional characteristics when formulating and implementing marine-related policies. Second, marine informatization has been identified as the core driver of policy effectiveness. Enhanced information infrastructure not only directly improves marine economic efficiency but also significantly amplifies overall policy effects by facilitating industrial structure optimization and technological innovation. These results suggest that prioritizing information infrastructure development, promoting data sharing, and advancing digitalization should be central to efforts to achieve high-quality economic growth in coastal areas. Third, the study demonstrates that optimizing the tertiary sector not only strengthens the competitiveness of the marine economy but also fosters the coordination of the entire industrial chain. This indicates the need to further promote high-value-added industries, such as coastal tourism, marine services, and marine finance, while fostering their integration with traditional industries to inject new momentum into regional economic development. Finally, this study confirms the applicability of the HCW model in evaluating policy effectiveness, providing a methodological reference for quantitative analyses of the Marine Power Strategy. This innovative approach serves as a valuable tool for assessing regional policies and lays a solid foundation for advancing academic research on policy effects.




5 Conclusions

Based on an in-depth analysis of the SMC policy texts, this study systematically evaluates the implementation effects of marine power strategies across four southeastern coastal provinces (2013-2023) using quantitative methods, including the Regression-based SCM, KDE and Factor Detector analysis. Key influencing factors are also explored through core variables. The results indicate that the construction of SMC has significantly promoted economic growth in coastal regions, though regional disparities in policy effects and the mechanisms of influencing factors display considerable diversity and hierarchy. The heterogeneity we document is consistent with a view in which natural resource endowments, the efficiency of policy implementation, and polycentric governance arrangements jointly mediate the transmission of national objectives to local outcomes. Our results therefore speak to a broader policy agenda in which digital infrastructure and innovation capacity condition the returns to marine policies and shape province-specific effect paths.

The key mechanisms we identify, namely maritime informatization, technological innovation, and the rise of high-value services, converge with international experience on knowledge-based blue growth and ecosystem-aware governance. The development of the tertiary sector signifies a transformation of the marine economy from resource dependence to innovation-driven growth. Supported by informatization and technological innovation, sectors such as marine services, coastal tourism, and marine finance exhibit substantial growth potential. Policy effects not only enhance regional economic competitiveness but also facilitate coordinated development across the entire industrial chain. In conclusion, this study reveals the regional heterogeneity and dynamic evolution of policy effects in the construction of a SMC, providing scientific insights for future policy optimization. Moving forward, greater investment in informatization, accelerated technological achievements, and region-specific promotion of tertiary industry development are essential to achieving the comprehensive implementation of the marine power strategy and ensuring sustainable, high-quality economic development.

Beyond the China context, these conclusions align with international frameworks and evidence. OECD projections of the ocean economy underscore the centrality of data systems, skills, and innovation for productivity and new value creation, while global indicator platforms such as the Ocean Health Index and recent syntheses on protection benefits provide goal-based benchmarks for evaluating policy outcomes (Halpern et al., 2012; Sala et al., 2021). The EU Integrated Maritime Policy and the EU Maritime Spatial Planning Directive institutionalize knowledge-driven, plan-led coordination across ports, energy, fisheries and conservation. Our findings suggest that similar MSP integration would amplify gains where informatization and innovation are strong. Situated against the legal and normative baselines of UNCLOS and SDG 14, the HCW design used here can be readily applied to other national or regional settings to generate comparable and mechanism-aware policy evidence.
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