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Total factor productivity of
China’s marine economy:
A meta-analysis

Jingxuan Dong, Dan Qiao, Bei Yuan and Tao Xu*

Management School, Hainan University, Haikou, China

With the rapid development of the global economy and the depletion of land
resources, the ocean has gradually become a new area for human society to
seek resources and space utilization. In China, the marine economy also has
become an essential part of the national economy. Therefore, it is crucial to
evaluate marine productivity to understand China’s marine industry’s input-
output status and development level. We conducted a meta-analysis using 622
observations from 33 primary empirical studies to quantify the discrepancies in
measurement findings and identify the influencing factors of total factor
productivity (TFP) growth in the marine industry. The results indicate that: (1)
In the existing literature, the mean TFP growth of China’s marine economy at
the provincial levelis 1.002, which is lower than that at the national level (1.022);
(2) The time span of the data, the estimation model, the evaluation indicator,
and the journal's rank all have a significant effect on the estimation results of the
marine economic TFP growth, whereas the year of publication does not affect
the estimation results; (3) The TFP growth of China’'s marine economy peaked
during the Ninth Five-Year Plan period, after which it began to decline year after
year; (4) The TFP growth of the marine economy in the Yangtze River Delta
region and Circum Bohai Sea region is significantly higher than that in the Pan-
Pearl River Delta region; (5) Economic factors such as gross ocean product,
level of opening-up, level of marine science and technology, and industrial
structure all have an impact on the marine economic TFP growth. Accordingly,
the following insights were obtained: In terms of marine economic
development policies, we should continue to enhance the investment in
marine environmental governance, strengthen the construction of marine
ecological civilization, and pay attention to synergistic regional development,
opening up to the outside world, scientific and technological innovation, and
industrial structure optimization. In addition, the follow-up study should use
long-period sample data as much as possible, pay attention to the parametric
SFA model, and strip the negative environmental impact by constructing a
green evaluation index system.
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1 Introduction

As a large country with a long coastline, China has a wealth of
maritime resources and a vast ocean territory, and the Chinese
government places a premium on the development of the marine
economy (Gai et al,, 2016; Sun et al,, 2018). The 13th Five-Year
Development Plan for the National Marine Economy, released in
May 2017, highlighted the need to improve the quality and
efficiency of marine economic development. In March 2021, the
Outline of the 14th Five-Year Plan for National Economic and
Social Development and Vision 2035 of the People’s Republic of
China proposed to establish a number of high-quality marine
economic development demonstration areas and characterized
marine industry clusters, illustrating China’s firm resolve and
staunch will to the high-quality development of the marine
economy. In 2021, the National Gross Ocean Product, with a
growth rate being 8.3 percent, totaled 141 trillion dollars which
accounted for 8.0 percent of the Gross Domestic Product (The State
Council of the PRC, 2022), showing that the marine economy has
emerged as an essential driving force of the national economy.

However, the rapid growth of China’s marine economy
partly depends on the overdraft of marine resources, which
belongs to the resource-intensive development model driven by
an increase in factor inputs (Li et al., 2021). As China’s economic
development has entered a new normal, the marine economy
needs to transition to an innovation-led and high-quality
development mode. According to the Theory of Endogenous
Growth, TFP is a proxy for an economy’s long-term productivity
growth or the quality of growth, and is regarded as the
improvement of productivity with the exclusion of input
contribution (Mahadevan, 2003). Thus, as the core of national
wealth growth, especially in developing countries, TFP has
emerged as a critical metric for measuring the high-quality
development of the marine economy (Krugman, 1994;
Johnson, 1997; Feng et al., 2019; Xia and Xu, 2020). In the
above context, studying the trend and influencing factors of
China’s marine economic TFP growth is significant in
transforming the marine economic growth pattern and
achieving high-quality development of China’s marine economy.

Solow (1957) first proposed the concept of TEP in his growth
theory. Following this, subsequent scholars conducted
substantial studies on TFP. In the estimation method of TEP,
the data envelopment analysis (DEA) and the stochastic frontier
analysis (SFA) are utilized by most studies (Aigner et al., 1977;
Charnes et al., 1978). Previous studies mainly utilized the DEA-
Malmquist model developed by Fire and Grosskopf (1992) to
measure the marine economic TFP related to a specific industry
or sector, such as marine aquaculture, marine fisheries, and
maritime transportation (Shang et al, 1998; Jin et al, 2002;
Turner et al,, 2004). Later, Estache et al. (2004) measured the
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TFP of Mexican ports and found that the TFP estimates of ports
increased significantly after the reform and opening up.

Unlike foreign scholars who focus more on the TFP of the
marine industry (Mohammed and Williamson, 2004;
Hassanpour et al, 2010), Chinese scholars, even if they start
studying the TFP of the marine economy late, tend to measure
the overall TFP of the marine economy and its regional
variations (Ren et al., 2018a; Hua et al, 2021). Among them,
Wang (2017) measured the TFP of the marine economy in
China from 2001 to 2011, discovering that the TFP of the marine
economy in coastal regions showed a declining trend to varying
degrees. However, Zhu and Gai (2019) found that the growth
trend of TFP in China’s marine economy was stable from 2005
to 2015, except for the Guangxi Autonomous Region, which had
a decline. Moreover, Zhang (2019) discovered that the average
annual TFP growth rate of China’s marine economy from 1998
to 2013 was 6.5 percent, with the growth rate of eastern coastal
areas being relatively high.

In recent years, due to limited marine resources and
unbalanced coastal development, there has been an increasing
focus on the marine economic green TFP growth that considers
environmental constraints (Munisamy and Arabi, 2015; Song
and Ning, 2020). However, the traditional measures of TFP
growth, such as the DEA-CCR and DEA-BCC models, are radial
models that strictly require the input and output to change in the
same proportion. Therefore, they do not embody the idea of
maximizing the desirable output while minimizing the
undesirable output, resulting in a certain insufficiency (Li
et al,, 2017). Accordingly, Chung et al. (1997) and Tone et al.
(2001) developed the Malmquist-Luenberger index combined
with directional distance function (DDF) and the slacks-based
measure (SBM) model based on the DEA method to incorporate
both desirable and undesirable output into the study of TFP.
Following that, from the perspective of input, a few scholars
employed the entropy method to construct a resource
consumption index and used it as an input indicator to
measure the green TFP growth (Sun and Song, 2019; Xiang
et al., 2019). In contrast, other researchers chose to examine the
marine economic green TFP growth under environmental
constraints such as the amount of carbon emission and
wastewater emissions from an output perspective (Kumar,
2006; Hu, 2018). Among them, Hu (2018) discovered that the
estimation results of TFP growth were significantly lower after
including marine wastewater emissions in the evaluation system.
It is demonstrated that ignoring undesirable outputs in the
analysis of TFP growth of the marine economy could lead to
false conclusions and mislead policymakers.

In addition, the SFA model has also been applied to estimate
the TFP of the marine economy due to the capability of
distinguishing the effects of statistical noise from those of
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insufficient (Managi et al., 2006; Fall et al., 2018). However, there
is a significant difference in the TFP growth of China’s marine
economy, as obtained by Ji et al. (2017) using the SFA model and
Ding et al. (2017b) using the DEA model.

A longitudinal literature review found that existing studies
have made significant contributions to the study of TFP growth of
the marine economy to provide an essential foundation for an in-
depth understanding of the development of China’s marine
economy. However, few systematic analysis is carried out on the
TFP growth of the marine economy. There is still a divergence in
the estimation results regarding China’s marine economic TFP
growth reported in the current studies. Thus, what are the key
determinants of the observed variations in TFP growth in the
marine economy? Are they the result of varying estimation
models or evaluation indicators, or are they the result of varying
characteristics of published literature? Along with the estimation
results in the current literature, what spatial and temporal
variation characteristics does China’s marine economic TFP
exhibit, and what factors influence it? These questions are yet
unaddressed. Therefore, this paper employs a meta-analysis to
quantitatively analyze existing research findings on the TFP
growth of China’s marine economy to serve as a reference point
for future research and relevant policy formulation.

2 Methodology

Meta-analysis is a statistical analysis that combines and
integrates the results of several studies into a unified analysis
(den Besten and Zwietering, 2012). It helps to find out the
limitations of previous studies and explore new research
directions. The main goal of a meta-analysis is to make the
empirical results of specific studies comparable and suitable by
controlling for the effect size (TFP growth in this case) (Angelini
et al, 2022). The meta-analysis process mainly involves the
selection and processing of effect quantities, the determination of
heterogeneity test models, cumulative meta-analysis, and meta-
regression analysis. The specific analysis process adopted is
as follows:

2.1 Heterogeneity test and combination
of effect size

The degree of heterogeneity of the collection of effects is one
of the critical parts of a meta-analysis. Effect model selection
should depend on the degree of variability among the included
studies when combining effect size (Schneider et al., 2017). Two
models are commonly used for the combination of effect size: the
fixed-effect (FE) model and the random-effect (RE) model. The
main difference between FE and RE model assumptions involves
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the characteristics of the studies: in the first case, studies should
represent the entire population of interest, while in the second
case, they should represent a random sample from a population
of interest and the inference target is to extend the results from
the sample to the entire population of interest (Hershey, 2021).
For small heterogeneity, a fixed effect model is used, for
considerable heterogeneity, a random effect model is more
reliable (Egger et al., 1997). In this study, heterogeneity
analysis was tested using the Q test and I” statistics to analyze
whether there were statistically significant differences between
the results of different studies. If the Q test is statistically
significant or I* >50%, a heterogeneous distribution of effect
size is assumed (Trong Ho et al.,, 2022).

2.2 Publication bias test

Even when conducted thoroughly, meta-analyses can be
subject to publication bias—studies being less likely to be
published, hence less likely to be included in a meta-analysis
because the researchers and reviewers often have a preference for
statistically significant results or for results that conform to prior
theoretical expectations, or both (Benos and Zotou, 2014). The
subsequent meta-analysis of published literature may be
misleading if publication bias occurs.

Therefore, prior to the meta-analysis, this paper first used
the Funnel Asymmetry Test and Precision Effect Test (FAT-
PET) to determine whether there was a publication bias in the
current literature. Regarding the model specification, this paper
used a semi-log linear model to reduce heteroskedasticity and
improve the estimation accuracy (Brander et al., 2006;
Chaikumbung, 2021).

In Yl] = BO + BSESEIJ + 61']' (1)

Where Yj; denotes the i th reported TFP growth estimate of
the marine economy from the j th primary study; SE;; denotes
the standard error of the i th reported TFP growth estimate from
the j th study; ;. denotes the coefficient of the standard error to
be estimated, which, if significant, indicates publication bias; 3
and ¢;; denote the intercept term and random error
term, respectively.

However, since the standard error of TFP growth, is rarely
provided in most primary studies, we employed the inverse of
the square root of the number of observations in the primary
studies as a measure of the standard error with reference to the
practices of relevant studies (Stanley and Rosenberger, 2009). At
this point, the FAT-PET estimation model can be rewritten as
follows:

In¥y = fo B/ /) v o)
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where N; denotes the number of observations for the j th study,
and the other parameters have the same meaning as in equation (1).

2.3 Meta-regression analysis

Meta-regression analysis is defined as a quantitative method
used to evaluate the effect of methodological and other study-
specific characteristics on published empirical estimates of some
indicators (Stanley et al., 2008). This technique is no longer
limited to qualitative descriptions and literature summaries
compared to traditional literature surveys. Instead, it combines
empirical results of existing studies based on specific criteria and
uses statistical and econometric methods to conduct systematic
quantitative analyses to explore the findings that are not evident
in case studies but are valuable for solving new problems
(Thompson and Higgins, 2002; Djokoto et al., 2020). To a
certain extent, meta-regression analysis allows for the
reanalysis of many studies on the same topic with specific
conditions, overcoming the limitations of case studies, and
allowing for the avoidance of selectivity bias and model setting
bias in the original literature (Aiello and Bonanno, 2016).

The meta-regression model used in this paper is a multiple
linear regression model based on the weighted least squares
(WLS) method. This model can avoid the correlation between
the results from primary empirical studies, which are TFP
growth estimates of the marine economy in this paper (Yan
etal, 2019). For the setting of model weights, this paper referred
to the practice of some scholars, using the reciprocal number of
observations as weights to reduce the influence of sample
correlation (Salem and Mercer, 2012; Tan et al,, 2020). Also,
this paper transforms the observed estimates of TFP growth into
a natural logarithmic form'. The estimation model is expressed
as:

In Yl] =0+ Eﬁka + 6'1']' (3)
k=1

In equation (3), Yj; denotes the i th reported TFP growth
estimate of the marine economy reported from the j th study; Xj
denote the explanatory variables that summarize various
characteristics of the primary studies; f; denote the meta-
regression coefficients which reflect the effect of particular
study characteristics; « is the intercept term; and €; is the
random error term.

1 Since the TFP growth may be negative in the maritime economy, this
study first added 1 to the TFP growth and then calculated its natural

logarithm.
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3 Data collection and variable
selection

3.1 Data collection

The representativeness and completeness of the primary
studies are the basis of meta-regression analysis (Card et al,
2010). In this study, the 11 coastal provinces, municipalities, or
autonomous regions of the Chinese Mainland (excluding Hong
Kong, Macao, and Taiwan) were used as the study
area (Figure 1).

In order to obtain as much primary literature as possible for
analysis, a comprehensive search was conducted on literature
databases such as China National Knowledge Infrastructure
(CNKI), Wanfang Data, Web of Science, ScienceDirect, and
Google Scholar. Search keywords include “Marine Economy”,
“Total factor productivity”, “China” and “TFP”. At the same
time, the literature related to the topic “Total factor productivity
of China’s marine economy” was also reviewed. Furthermore,
secondary screening was performed for the relevant literature
that was initially retrieved using the following inclusion criteria:
(1) The selected literature evaluated one or two types of TFP
growth in the marine economy, rather than focusing solely on a
specific industryz; (2) The selected literature measured the TFP
growth of the marine economy in coastal provinces and
municipalities (or autonomous regions) or nationwide; (3) The
selected literature reported quantitative research results, and the
TFP growth of the marine economy estimates can be obtained
directly or after simple processing; (4) The selected literature
reported on the evaluation indicators, estimation models, and
other information used in the estimation of TFP growth in the
marine economy. Following the second screening based on the
above-mentioned criteria, 33 primary studies were obtained,
with 26 Chinese and 7 English literature. Table 1 presents some
key characteristics of all the studies reviewed. A portion of the
primary studies estimated two types of TFP growth, and all of
these estimates were retained in this paper to round out the
dataset. Since scholars have measured the TFP growth of China’s
marine economy at provincial and national levels, this paper
builds two literature databases at provincial and national levels,
respectively, in the subsequent analysis. Among them, 29 studies
estimated TFP growth in the marine economy at the provincial
level, with 408 observations; 17 studies estimated TFP growth in
the marine economy at the national level, with 214 observations.

2 Inthis paper, the TFP of the marine economy is divided into traditional
TFP and green TFP according to whether the non-desired output is
considered in the evaluation indicators of the literature selected. And

some studies estimate both types of TFP growth in the marine economy.
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FIGURE 1

The overview and classification of China’s coastal regions.

3.2 Variable selection

The TFP growth estimates of the marine economy are the
effect size as well as the dependent variable of the meta-
regression model in this paper, and the independent variables
are the characteristic variables extracted from the corresponding
primary studies. These characteristics are classified into five
categories in this paper: the spatial and temporal
characteristics, the estimation model characteristics, the
evaluation indicator characteristics, the economic factors
characteristics, and the publication characteristics.

3.2.1 Spatial and temporal characteristics

According to previous research, TFP growth tends to exhibit
dynamic changes in different periods and regions (Liu et al,
2021). Therefore, this paper will explore the impact of spatial
and temporal characteristics on TFP growth in the marine
economy from both temporal and spatial dimensions.

At the provincial level, primary studies often examined the
development status of provinces based on the average estimates
of TFP growth of the marine economy over a period of time.
However, the length of the time period and the year of the data
used by different scholars frequently differed significantly,
making it difficult to unify their time intervals of data (Li
et al,, 2015; Zhao et al,, 2018). The length of the time period
affects the amount of information contained in the data, and the
year of the data reflects the TFP growth of the marine economy
in a specific period. Therefore, this paper, following the practice
of existing literature (Efendic et al., 2011; Ogundari, 2014), has
incorporated the time span and the year of data into the model
as independent variables to investigate the influence of data used
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in primary studies on the measurement results of TFP growth in
the marine economy. In addition, this paper has divided China’s
coastal areas into the Circum Bohai Sea region, the Yangtze
River Delta region, and the Pan-Pearl River Delta region
referring to existing research and incorporating them into the
model in the form of dummy variables to explore the differences
in TFP growth of the marine economy in different regions
(Zhang and Wang, 2021).

At the national level, the primary studies estimated the TFP
growth of China’s marine economy from 1998 to 2017. The
years of observed TFP growth of China’s marine economy
estimated by primary research were incorporated into the
regression model to investigate changes in TFP growth over
time. Meanwhile, considering the impact of China’s Five-Year
Plan development policies, this paper created dummy variables
corresponding to the Five-Year Plan period in which the year of
estimation falls to accurately measure the change in TFP growth

of China’s marine economy over time.

3.2.2 Estimation model characteristics

Since different estimation models will affect the estimation
results of the marine economic TFP growth (Tian and Yu, 2012).
Therefore, this paper incorporated the estimation model
characteristics as independent variables into the regression
model. Currently, most primary studies use the traditional
DEA model to estimate the TFP growth of China’s marine
economy, but some scholars have also used the SBM model,
the DDF, and the SFA model. Therefore, This article created
corresponding dummy variables to distinguish DEA, SBM,
DDF, and SFA in order to investigate the effect of model
differences on estimation results.
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TABLE 1 Summary statistics of the primary studies used in meta-analysis.

Study number Authors (Publication year) Time span of data

1 Zhou et al. (2013) 8
2 Ding et al. (2015) 9
3 Liu et al. (2015) 9
4 Li et al. (2015) 5
5 Wang (2015) 5
6 Sun et al. (2016) 9
7 Yuan et al. (2016) 11
8 Ji and Zhang (2016) 16
9 Du et al. (2016) 14
10 Ding et al. (2017a) 12
11 Wang (2017) 10
12 Ji et al. (2017) 9
13 Han et al. (2017) 11
14 Ding et al. (2017b) 11
15 Zhang et al. (2018) 10
16 Di and Liang (2018) 3
17 Ren et al. (2018b) 9
18 Zhao et al. (2018) 11
19 Hu (2018) 8
20 Du and Li (2018) 11
21 Cai et al. (2018) 10
22 He and Huang (2018) 10
23 Song et al. (2019) 15
24 Xiang et al. (2019) 8
25 Chen and Hui (2019) 9
26 Guan et al. (2019) 15
27 Zhang (2019) 15
28 Han et al. (2019) 14
29 Ding et al. (2019) 10
30 Wang et al. (2019) 10
31 Qin and Shen (2020) 14
32 Wang and He (2020) 7
33 Qin et al. (2021) 16

10.3389/fmars.2022.1014112

Journal’s rank Model Types of TFP Number of observations

non-core DEA T 2

core DEA T/G 40
core DDF T/G 40
core DEA G 11
core SFA T/G 22
core DEA T 7

core SBM G 21
core SBM 26
core DEA T 24
core DEA T/G 22
non-core SBM T/G 6

core SFA T 3

core DDF T/G 22
non-core SFA T/G 22
non-core SBM T/G 24
core SBM G 8

core DDF T/G 38
non-core DDF G 11
core DEA T/G 38
non-core DDF G 11
non-core DEA T 11
non-core DEA T 4

core SBM G 1

core DEA T/G 40
non-core DEA T 20
non-core DDF T/G 37
core DDF G 11
core DEA T 14
non-core DDF G 10
core SBM G 9

core SBM G 26
non-core DDF T 19
non-core SBM T/G 22

TFP is divided into traditional TFP (T) and green TFP (G), and if the primary research estimated both types of TFP, “T/G” is used to represent their TFP types. Regarding the journal’s rank,
if the journal to which the primary research belongs is included in SSCI, SCI, CSSCI, or Peking University Core, it is defined as a core journal, otherwise it is defined as a non-core journal.

3.2.3 Evaluation indicator characteristics

It has been demonstrated that the marine ecological
environment imposes a significant constraint on the marine
economy, and ignoring the existence of undesirable outputs may
result in discrepancies in estimation results (Ye et al., 2021).
Some scholars in primary studies attempt to incorporate
undesirable outputs such as wastewater, carbon, and solid
waste emissions into the estimation model when conducting
TFP growth estimations of the marine economy. Therefore, this
paper divides the evaluation indicators of TFP growth in the
marine economy into traditional and green indicators based on
whether the output indicators of the primary studies contain
undesirable outputs and includes them as explanatory variables
in the meta-regression model.
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3.2.4 Publication characteristics

The characteristics of an academic journal might also
account for the variation in estimated TFP growth. This
study incorporated the journal’s rank as an explanatory
variable in the meta-regression model to investigate the
influence of the journal’s rank to which the primary studies
belong on the TFP growth estimate findings of the marine
economy. Accordingly, we divided the journal’s rank into core
and non-core journals based on the indexing status of the
journals in which the primary studies are published. At the
same time, the year of publication of the primary studies is also
included in the meta-regression model because literature from
different periods might reflect the views and ideas of
that period.
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3.2.5 Economic factor characteristics

It has been demonstrated that indicators like GDP and FDI
in national economic development, as well as factors such as the
level of land-based economic development and marine industry
structure, can all have a significant impact on the marine
economic TFP growth (Wang et al,, 2021; Wei et al., 2021). As
a result, variables like the gross ocean product, total imports and
exports as a percentage of GDP, the number of marine research
topics, and the share of marine tertiary industry in the gross
ocean product are included in the meta-regression model in this
paper to examine their effects on TFP growth in the
marine economy.

3.3 Variable coding and descriptive
statistics

3.3.1 Variable coding and descriptive statistics
at the provincial level

As shown in Table 2, the average TFP growth of the marine
economy in all provinces is 1.006. The average growth rate of the
TFP growth of the marine economy in the coastal provinces is
0.6%. From the perspective of spatial and temporal
characteristics, the average data years of the primary studies
spanned 10.490 years, and the median data years were
concentrated from 2006 to 2010. The estimated provinces
belonging to the Circum Bohai Sea region, the Yangtze River
Delta region, or the Pan-Pearl River Delta region are roughly
equal. Judging from the characteristics of the estimation model,
the number of primary studies using the DEA model still
accounts for the majority. Still, different from the meta-
analysis database at the national level, 8.8% of the literature
applied the SFA model to estimate the TFP growth of the
provincial marine economy. Regarding the characteristics of
evaluation indicators, the green TFP growth observations are
slightly higher than the traditional TFP growth observations.
Regarding publication characteristics, the core journals reported
more TFP growth observations of the marine economy,
accounting for 66.7% of the total observations. In terms of
economic factor characteristics, the total imports and exports
of the provinces account for an average of 63.9% of GDP. The
average proportion of the marine tertiary industry was 46.3%. In
addition, considering that the volatility and magnitude
differences of the raw data may affect the analysis results, this

3 According to the descriptive statistics of TFP growth, the average
value at the provincial level is lower than the average at the national level.
This could be due to considerable differences in the volume and TFP
growth of the marine economy between coastal provinces. When the TFP
growth of the marine economy is estimated at the national level, the
average value is assigned based on the volume of the marine economy in

each province, resulting in a more objective average value. When the TFP
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paper followed the previous research and used natural
logarithms of the continuous variables when estimating the
meta-regression model in order to improve the estimation
accuracy of the model (Chaikumbung et al., 2016).

3.3.2 Variable coding and descriptive statistics
at the national level

As shown in Table 3, the average value of TFP growth for
China’s marine economy is 1.036, which means that the average
growth rate of TFP growth of China’s overall marine economy is
3.6%, with overall positive growth®. In terms of time
characteristics, the primary studies have estimated the TFP
growth of China’s marine economy from the Ninth Five-Year
Plan to the Thirteenth Five-Year Plan, with the majority of
studies on the Eleventh and Twelfth Five-Year Plans. In terms of
estimation model characteristics, the traditional DEA model is
used in most primary studies and is also used as the benchmark
in this paper. The TFP growth of the green marine economy and
the TFP growth of the traditional marine economy account for
61.2 percent and 38.8 percent of the total observations,
respectively. Regarding publication characteristics, the
observed estimates of TFP growth of the marine economy
reported by core journals accounted for 80.4 percent of the
total observed estimates. Among economic factor characteristics,
China’s average share of total imports and exports in GDP is
51.2 percent, and the average share of the marine tertiary
industry is 48.0 percent. Furthermore, the logarithmic
processing of the raw data is the same as described in the
previous section at the provincial level.

4 Results
4.1 Combination of overall effects

As shown in Table 4, Heterogeneity analyses of both provincial
level TFP growth and national level TFP growth reached very
significant levels (P,<0.001, I75%). Based on the results from
heterogeneity assessment and in order to generalize the results
obtained from the set of collected studies, a more restrictive
random-effect model was used to combine effect sizes. In this
model, each study was assigned a relative weight, which is the
inverse of the sum of the sampling error and the between-study
variance. At the same time, the relative weight for each study
provides the basis for calculating the weighted mean corresponding
to the overall effect size. The overall random-effect weighted effect

growth of the marine economy in each province is estimated separately
and the average value is calculated, each province is given the same
weight, resulting in smaller volumes of the marine economy being given
larger weights. In that case, the average estimates at the provincial level
would be underestimated. The difference between the average provincial

and national estimates has no bearing on the following empirical analysis
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TABLE 2 Results of descriptive statistics of characteristic variables that incorporate with subsequent meta-regression analysis at the provincial level.

Variables Variable description and assignment Mean Std. Obs
Dependent variable

Provincial TFP growth TFP growth estimates extracted from primary studies 1.006 0.101 408
Independent variable

Time characteristics

Data year Midpoint of the year of the data in primary studies (2005 is set as the base year) 4.044 1.460 408
Data time span Number of years the data used in primary studies 10.490 2.995 408
Spatial characteristics

Circum Bohai Sea Region 1 if the estimation region is the Circum Bohai Sea region and 0 otherwise (reference) 0.353 0.478 144
Yangtze River Delta 1 if the estimation region is the Yangtze River Delta region and 0 otherwise 0.275 0.447 112
Pan-Pearl River Delta 1 If the evaluation region is the Pan-Pearl River Delta region and 0 otherwise 0.373 0.484 152
Evaluation model characteristics

DEA 1 if the estimation model is DEA and 0 otherwise (reference) 0.436 0.497 178
DDF 1 if the estimation model is DDF and 0 otherwise 0.216 0.412 88
SBM 1 if the estimation model is SBM and 0 otherwise 0.260 0.439 106
SFA 1 if the estimation model is SFA and 0 otherwise 0.088 0.284 36
Evaluation indicator characteristics

Traditional indicators 1 if the evaluation indicators are traditional indicators and 0 otherwise (reference) 0.478 0.500 195
Green indicators 1 if the evaluation indicators are green indicators and 0 otherwise 0.522 0.500 213
Publication characteristics

Year of publication Year of publication of the primary study (2013 is set as the base year) 5.463 1.727 408
Journal’s rank

Non-Core journals 1 if the primary study was published in a non-core journal and 0 otherwise (reference) 0.333 0.472 136
Core journals 1 if the primary study was published in a core journal and 0 otherwise 0.667 0.472 272
Economic factor characteristics

Gross ocean product Gross marine product (trillion yuan), taking the natural logarithm 2748.584 1754.648 408
Level of external openness Total imports and exports as a share of GDP, taking the natural logarithm 0.639 0.448 408
Marine science & technology level Number of marine science and technology topics (thousand), taking the natural logarithm 567.746 469.286 408
Marine industry structure Share of the marine tertiary sector, taking the natural logarithm 0.463 0.068 408

Std, Standard deviation; Obs, Number of observations; In terms of economic factor characteristics, the TEP growth of the marine economy at the provincial level reported in the primary
studies is mostly the mean value over the period of data utlized in the primary studies. Despite the fact that the data time span differs between studies, this paper collated and discovered that

its median values are concentrated in 2006-2010. Therefore, this study assigned values to the four economic factor characteristics variables in terms of the average values of provincial GOP,
total imports and exports as a percentage of provincial GDP, the number of marine research topics, and the share of marine tertiary industry in provincial GOP from 2006-2010.

size was 1.002, with the 95% confidence interval ranging from 0.972
to 1.032 at the provincial level and 1.022 at the national level, with
the 95% confidence interval ranging from 0.994 to 1.051 (Figure 2).
It demonstrated that TFP growth estimates of the marine economy
in the selected studies are centered at 1.002 and 1.022 at the
provincial and national levels, respectively.

However, the Q test and I statistic are evidence for heterogeneity
but cannot prove that the studies affect the overall heterogeneity.
Therefore, we will continue to perform a meta-regression analysis to
explore the source(s) of response heterogeneity and investigate the
study characteristics’ effect on the TFP growth estimates.

4.2 Results of the publication bias test
The FAT-PET was performed using ordinary least squares

(OLS) and weighted least squares (WLS) in this article, and the
results are shown in Table 5. When weighted least squares are used,
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precision may be increased due to the larger sample size used in the
literature analysis with more observations. As a result, the square
root of the number of TFP growth observations in the marine
economy in the primary studies is used as a weight here with
reference to existing studies to ensure that observations with a
higher degree of research precision receive a higher weight. The test
results showed that the standard error coefficients are not significant
in either the provincial or national meta-analysis databases for both
models, indicating that the primary studies included in this paper
are free of publication bias and meet the meta-regression
analysis requirements.

4.3 Results of the meta-regression analysis

In this paper, the meta-regression analysis was performed
using Stata version 15.1 software, and the regression results at
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TABLE 3 Results of descriptive statistics of characteristic variables that incorporate with subsequent meta-regression analysis at the national level.

Variables

Dependent variable
National TFP growth
Independent variable

Time Characteristics
1996-2000

2001-2005

2006-2010

2011-2015

2016-2020

Estimation model characteristics
DEA

DDF

SBM

Evaluation characteristics
Traditional indicators
Green indicators
Publication characteristics
Year of publication
journal’s rank

Non-Core journals

Core journals

Economic factor characteristics
Gross ocean product

Level of external openness

Marine science and technology level

Marine industry structure

Variable description and assignment

TFP growth estimates extracted from primary studies

1 if the estimation year belongs to the 9th Five-Year Plan period and 0 otherwise (reference)
1 if the estimation year belongs to the 10th Five-Year Plan period and 0 otherwise
1 if the estimation year belongs to the 11th Five-Year Plan period and 0 otherwise
1 if the estimation year belongs to the 12th Five-Year Plan period and 0 otherwise

1 if the estimation year belongs to the 13th Five-Year Plan period and 0 otherwise

1 if the estimation model is DEA and 0 otherwise (reference)
1 if the estimation model is DDF and 0 otherwise

1 if the estimation model is SBM and 0 otherwise

1 if the evaluation indicators are traditional indicators and 0 otherwise (reference)

1 if the evaluation indicators are green indicators and 0 otherwise
Year of publication of the primary study (2015 is set as the base year)

1 if the primary study was published in a non-core journal and 0 otherwise (reference)

1 if the primary study was published in a core journal and 0 otherwise

Gross marine product (trillion yuan), taking the natural logarithm
Total imports and exports as a share of GDP, taking the natural logarithm
Number of marine science and technology topics (thousand), taking the natural logarithm

Share of the marine tertiary sector, taking the natural logarithm

Mean

1.036

0.009
0.154
0.444
0.369
0.023

0.481
0.243
0.276

0.407
0.593

3.710

0.206
0.794

26.830
0.512
10.243
0.480

Std.

0.177

0.096
0.362
0.498
0.484
0.151

0.501
0.430
0.448

0.492
0.492

1.706

0.405
0.405

10.258
0.086
4.820
0.025

Obs

214

33
95
79

103
52
59

87
127

214

44
170

214
214
214
214

Std, Standard deviation; Obs, Number of observations; As for the economic factor characteristics, this paper adjusts the gross ocean product of different years to a level comparable with 1998

based on the consumer price index to eliminate the influence of price factors.

theprovincial and national levels are shown in Tables 6,
7, respectively.

4.3.1 Meta-regression results at the
provincial level

Spatial and temporal characteristics. Firstly, the data time span
has a significant positive effect on the estimates of TFP growth at the
provincial level, indicating that the longer the time period of data
used in the primary studies, the higher the TFP growth in the

TABLE 4 Heterogeneity test and combination of effect size.

Heterogeneity test

marine economy. In addition, a longer time period of data also
improves the reliability and explanatory power of the estimation
results to a certain extent. Secondly, the data year in the primary
studies has a significant negative effect on the marine economic TFP
growth (Table 6), suggesting that the estimates decrease as the year
of data extends backward. This is likely because China’s marine
economy is transitioning from resource intensive to
environmentally friendly development, and the emphasis on
development quality has resulted in a decline in TFP growth.

Combination of effect size

Item Model

Q Pq
Provincial TFP growth Random effect model 4138.520
National TFP growth Random effect model 74.140

0.000**
0.000**

P ES n N 95% CI
LL UL
99.9% 1.002 29 4280 0.972 1.032
90.4% 1.022 17 2354 0.994 1.051

ES, Overall effect size; n, Nmubers of primary studies; N, Total sample size; LL, Lower limit; UL, Upper Limit; ** indicates significance at P< 0.01.
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Authors (Publication year) Weight (%) Provincial TFP Growth (95%CI)
Ding et al. (2019) 3.490 —— 1.121(1.080,1.163)
Lietal. (2015) 3.470 —.— 0.984(0.948,1.020)
Qin et al. (2021) 3.500 - 1.007(0.988,1.026)
Ren etal. (2018) 3510 . 1.001(0.995.1.008)
Zhang (2019) 3.490 1.065(1.022,1.108)
7Zhao et al. (2018) 3510 . 1.003(0.999,1.007)
Ding et al. (2015) 3.480 —— 1.098(1.059,1.137)
He and Huang (2018) 3.430 -—— 1.056(0.978,1.134)
Guan et al. (2019) 3.500 .- 1.048(1.023.1.073)
Liuetal. (2015) 3.500 - 1.031(1.016,1.047)
Xiang et al. (2019) 3.500 - 0.924(0.902,0.945)
Zhou and Ju (2013) 2820 —_—— 1.038(0.815.1.260)
Sun et al. (2016) 3.490 —-— 1.015(0.983,1.047)
Song et al. (2019) 2930 —— 0.703(0.632,0.774)
Zhang et al. (2018) 3.460 —.— 0.825(0.765.0.885)
Du etal. (2016) 3.480 —— 1.125(1.074,1.176)
Wang (2015) 3.490 - 0.958(0.935,0.981)
Wang (2017) 3.490 - 0.928(0.895,0.962)
‘Wang and He (2020) 3510 - 0.999(0.988,1.010)
Qin and Shen (2020) 3.480 —— 1.029(0.972,1.085)
Jietal. (2017) 3510 . 1.044(1.035,1.054)
Ji and Zhang (2016) 3.490 —.— 1.065(1.022,1.108)
Hu (2018) 3.480 —-— 0.898(0.861,0.935)
Yuan et al. (2016) 3.500 lagd 1.031(1.000,1.061)
Cai etal. (2018) 3.480 —— 0.961(0.916,1.005)
Ding etal. (2017) 3.500 - 1.085(1.061,1.110)
Du and Li (2018) 3.510 . 0.989(0.981,0.997)
Chen and Hui (2019) 3.490 gl 1.004(0.969,1.040)
Han etal. (2017) 3.500 - 0.988(0.967.1.010)
Overall . 1.002(0.972,1.032)
P
0.600  0.800  1.000 1200  1.400
Authors (Publication year) Weight (%) National TFP Growth (95%CT)
Ren et al. (2018) 8.480 . 0.999(0.989,1.010)
Wang et al. (2019) 6.630 —— 1.026(0.972.1.079)
Ding et al. (2019) 8370 . 1.009(0.993,1.024)
Ding et al. (2015) 8210 - 1.032(1.011,1.053)
Guan et al. (2019) 4610 —.— 1.085(0.994,1.176)
Liu et al. (2015) 7.010 —.— 1.098(1.052,1.145)
Xiang et al. (2019) 7.070 . 0.924(0.878.0.969)
Zhang et al. (2018) 2.150 — 0.812(0.643,0.982)
Du et al. (2016) 3.460 —— 1.139(1.020,1.259)
Di and Liang (2018) 6910 - 0.992(0.944,1.040)
Wang and He (2020) 6.040 —— 1.070(1.007,1.134)
Qin and Shen (2020) 8.200 - 1.022(1.001,1.044)
Jiand Zhang (2016) 1.620 —_——— 1.128(0.925,1.332)
Hu (2018) 6.580 —— 0.926(0.872,0.980)
Yuan et al. (2016) 6.560 —— 1.033(0.978.1.087)
Chen and Hui (2019) 0.940 — 1.091(0.811,1.371)
Han et al. (2019) 7.170 —— 1.077(1.033,1.121)
Overall 1.022(0.994,1.051)
0.500  0.750  1.000 1.250 1.500
FIGURE 2

Forest plot of the weighted effect sizes and their 95% confidence intervals (Cl). (A) Forest plot at the provincial level; (B) Forest plot at the national
level. The solid vertical line represents a mean difference of zero or no effect. Points to the left of the line represent a reduction in final TFP growth,
while points to the right of the line indicate an increase. Each diamond around the point effect represents the mean effect size for that study and
reflects the relative weighting of the comparison to the overall effect size estimate. The weights that each comparison contributed are in the left-
hand column. The upper and lower limit of the line connected to the diamond represents the upper and lower 95% Cl for the effect size. The
overall polled effect size pooled using the random effects models are indicated by the respective diamonds at the bottom.

Thirdly, the TFP growth of the marine economy in the Yangtze
River Delta and Circum Bohai Sea regions is significantly higher

than in the Pan-Pear] River Delta region, which may be explained

by the fact that the Pan-Pearl River Delta region includes areas with

a relatively weak marine economy, such as the Guangxi Zhuang

Autonomous Region and Hainan Province (Figure 2).

Estimation model characteristics. First, there is no significant
difference in TFP growth between the DDF and the DEA model.
This could be because some studies use the DDF by selecting the
evaluated unit’s input and output vectors as the directional
vectors, effectively equating the DDF and the radial DEA
model. Second, the TFP growth of the marine economy,

TABLE 5 Results of publication bias test estimated by the OLS and WLS method.

Test variables

Provincial TFP growth

National TFP growth

Indicators

Constants

Coefficient of standard error
R?

Number of observations
Constants

Coefficient of standard error
RZ

Number of observations

Ordinary least squares Weighted least squares
0.000 0.104
0.001 -0.026
0.000 0.003
408.000 408.000
0.085 0.037
-0.228 -0.055
0.006 0.000
214.000 214.000

If the coefficient of the standard error is significant, indicating publication bias in our meta dataset.
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TABLE 6 The meta-regression results at the provincial level.

10.3389/fmars.2022.1014112

Variables Coefficient Standard error 95% Confidence interval
Lower limit Upper limit
Time Characteristics
Data year -0.037* 0.017 -0.070 -0.004
Data time span 0.103** 0.024 0.055 0.151
Spatial characteristics
Pan-Pearl River Delta (reference) _ _ _ _
Yangtze River Delta 0.032* 0.015 0.002 0.061
Circum Bohai Sea Region 0.037* 0.017 0.003 0.071
Evaluation model characteristics
DEA (reference) —_ — — —
DDF -0.004 0.016 -0.035 0.027
SBM -0.093** 0.014 -0.121 -0.064
SFA 0.068** 0.019 0.031 0.106
Evaluation indicator characteristics
Traditional indicators (reference) _ _ _ —_
Green indicators -0.024* 0.011 -0.046 -0.002
Publication characteristics
Year of publication -0.019 0.021 -0.061 0.023
Journal’s rank
Non-Core journals (reference) _ _ _ _
Core journals 0.023* 0.011 0.001 0.045
Economic factor characteristics
Gross ocean product -0.051** 0.017 -0.083 -0.018
Level of external openness 0.010 0.013 -0.015 0.034
Marine science and technology level 0.039** 0.011 0.017 0.060
Marine industry structure 0.107* 0.052 0.006 0.209
Constant term 0.082 0.119 -0.151 0.315

R® = 0.309; * and ** indicate significant at P< 0.05 and P< 0.01, respectively.

measured by the SFA model, is 6.8 percent higher than that
measured by the DEA method. The reason could be that the
non-parametric DEA model assumes no random error and thus
interprets all deviations from the production frontier in the
actual input-output mix as technological inefficiency, thereby
underestimating TFP growth. Third, the TFP growth of the
marine economy measured by the SFA model is 6.8 percent
higher on average than that measured by the DEA method.
Fourth, estimation results obtained by the SBM model were
significantly lower than those of the DEA model. Characteristics
of the SBM model could explain this. In contrast to the
traditional DEA model, the SBM model can solve the problem
of non-zero slack in inputs or outputs. Therefore, the SBM
model has been primarily used by academics to estimate TFP
growth with undesirable outputs included.

Evaluation indicator characteristics. The results of the TFP
growth estimates of the marine economy using green indicators
are significantly lower than those using traditional indicators.
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This could be because traditional evaluation indicators overlook
the negative environmental consequences of marine economic
development, allowing the TFP growth of the marine economy
to be overestimated (Huang et al., 2022).

Publication characteristics. The year of publication does not
pass the significance test, indicating that the year of publication
has no significant effect on the estimation results of TFP growth in
the provincial marine economy. The result also demonstrates that
the TFP growth estimates in the marine economy are mature in
terms of concepts and methods and that the estimation results of
primary studies from various periods are highly consistent and
unaffected by the publication date. In terms of the journal’s rank,
there are some differences between the TFP growth estimates of
the marine economy in core journals and non-core journals. The
coefficient of core journals is significant at the 5% level, indicating
that core journals tend to get higher estimation results.

Economic factors characteristics. The gross ocean product
has a negative effect on the TFP growth of the marine economy,
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TABLE 7 The meta-regression results at the national level.

Variables Coefficient
Time Characteristics

1996-2000 (reference) _
2001-2005 -1.145**
2006-2010 -1.011%*
2011-2015 -0.791**
2016-2020 -0.873**
Estimation model characteristics

DEA (reference) _
DDF 0.043
SBM 0.000
Evaluation characteristics

Traditional indicators (reference) _
Green indicators -0.038
Publication characteristics

Year of publication -0.022
Journal’s rank

Non-Core journals (reference) _
Core journals 0.013
Economic factor characteristics

Gross ocean product -1.017**
Level of external openness 0.584**
Marine science and technology level 0.584*
Marine industry structure 3.607**
Constant term 8.996**

R® = 0.199; * and ** indicate significant at P< 0.05 and P< 0.01, respectively.

which is significant at the 1% level. This finding indicates that,
while the marine economy has developed rapidly over the last
three decades and achieved a breakthrough in total volume, the
marine economic TFP growth has not improved concurrently.
The result may be attributed to the current situation of excess
physical factor input, insufficient scientific and technological
innovation, and the deterioration of the marine environment
in previous development processes. In addition, the regression
coefficient for the level of openness to the outside world is
insignificant. This might be due to the significant differences in
the length of each province’s coastline, port conditions, and
marine resources, which cause the level of marine economic
development in some provinces to be inconsistent with their
overall stage of economic growth. The level of marine science
and technology and the proportion of marine tertiary industry
also significantly positively affect the improvement of the TFP
growth of the provincial marine economy. For every 1%
increase in the level of marine science and technology and
the proportion of the marine tertiary industry, the TFP growth
of the provincial marine economy will increase by 3.9% and
10.7% on average, respectively.

Frontiers in Marine Science
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95% Confidence interval

Lower limit Upper limit
0230 -1.599 -0.691
0.246 -1.496 -0.527
0259 -1.302 -0.280
0.289 -1.444 -0.302
0.030 -0.016 0.102
0.033 -0.065 0.065
0.029 -0.095 0.019
0.024 -0.068 0.025
0.029 -0.045 0.070
0.365 -1.737 -0.297
0217 0.155 1.013
0254 0.084 1.084
0.930 1.773 5.440
2.322 4417 13.574

4.3.2 Meta-regression results at the
national level

Time characteristics. The time dummy variables are
significantly negative, indicating that the marine economy’s
TFP growth is lower in other periods than in the Ninth Five-
Year Plan. This result could be explained as follows: First, the
Ninth Five-Year Plan is the earliest estimation cycle and the first
five-year plan following the implementation of China’s socialist
market economy reform, which boosted the development of
China’s marine economy. Second, during the Ninth Five-Year
Plan, China introduced a series of policy initiatives to support
the development of the marine economy formulated by the State
Oceanic Administration in 1996, ushering in a new era of
development for China’s marine economy. Third, during the
Ninth Five-Year Plan, China implemented a science and
technology strategic plan to promote the sea, and made more
breakthroughs in high marine technology and scientific research,
which contributed to the rapid growth of TFP in China’s marine
economy through technological progress. Additionally,
according to mean descriptive statistics, China’s marine
economic TFP grew at a positive rate from the Ninth to the
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Thirteenth Five-Year Plans, but at a slower pace4.

Estimation model characteristics, evaluation indicator
characteristics, and publication characteristics. In contrast to
the results of the meta-regression analysis at the provincial level,
the regression coefficients for the estimation model
characteristics variables, evaluation indicator characteristics
variables, and publication characteristics variables were not
significant at the national level. This is most likely because the
observations at the national level were insufficient to compare
the variability among the various characteristics.

Economic factor characteristics. The results of the meta-
regression on gross ocean product, marine science and
technology level, and marine industry structure are generally
consistent with the TFP growth of the marine economy at the
provincial level. The difference is that the regression coefficient
for level of external openness is significantly positive at the 1%
level, indicating that increasing external openness has a
beneficial effect on the TFP growth of the marine economy at
the national level.

5 Conclusions and discussions

This paper collected 622 observations of TFP growth for
China’s marine economy from 33 primary studies and used a
meta-analysis to synthesize the TFP growth estimates and
analyze the impacts of several related factors on the
heterogeneities of TFP growth in the primary studies. Our
results show that all characteristics variables of five categories
can cause heterogeneities in the TFP growth of China’s
marine economy.

First, as suggested by the heterogeneity test results, there is
significant variation among the TFP growth estimates presented
in primary studies. On this basis, the overall mean TFP growth
of China’s marine economy over the data period is close to zero
at the provincial level and about 2.2 percent at the national level.
Therefore, there is still room for improvement in the TFP
growth of China’s marine economy.

Second, at the national level, the TFP growth of China’s
marine economy during the Tenth Five-Year Plan and
succeeding periods was significantly lower than that of the
Ninth Five-Year Plan period. Generally, the overall growth
rate showed a downward trend.

Third, at the provincial level, a longer time span of data will
not only significantly improve the estimation results of TFP
growth in the marine economy, but also help to improve the
explanatory power of the estimation results. Moreover, the TFP

4 During the period from the Ninth Five-Year Plan to the Thirteenth
Five-Year Plan, the average estimates of total factor productivity of
China's marine economy were 1.577, 1.072, 1.025, 1.023, and 1.019,

respectively
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growth of the marine economy in the Yangtze River Delta and
Circum Bohai Sea region is significantly higher than that in the
Pan-Pearl River Delta region.

In addition, other characteristics variables affect the TFP
growth and show differences. Regarding the estimation model
characteristics, the SFA model produces higher estimation
results than the traditional DEA model, whereas the SBM
model tends to get lower estimation results. Regarding the
evaluation indicator characteristics, the TFP growth of the
marine economy estimated using green indicators will be
lower than traditional indicators. About the publication
characteristics, the year of publication in publication
characteristics does not affect the estimation results. However,
there is some variability between the estimation results of core
and non-core journals. Concerning the economic factor
characteristics, the improvement of the level of opening up to
the outside world, the level of marine science and technology,
and the optimization of the marine industry structure all
positively affect the TFP growth of the marine economy. In
contrast, the rise in the gross ocean product has a negative
impact on TFP growth.

According to the above research conclusions, this study
proposes the following recommendations for further research.
First, subsequent studies should collect data and information
extensively and extend the time span of sample data as much as
possible to improve the explanatory power of the estimation
results. Second, as the statistical data cycle continues to be
extended, the provincial sample size will grow annually.
Therefore, a greater focus on the parametric SFA model could
produce exciting findings. Third, with the continuous extension
of the statistical data cycle, the sample size at the provincial level
will increase year by year, which provides more possibilities for
the application of the parametric SFA model. Therefore, given
the reliability of the SFA model, it should receive greater
attention in future studies. Fourth, further research regarding
the impact of environmental variables on the TFP of the marine
economy would be worthwhile. Moreover, green evaluation
index systems that can consider non-desired inputs and
outputs should be applied more to fulfill the high-quality
development goals.

Furthermore, the empirical results in this paper have some
practical implications for policy making. First, China should
actively seek new growth points for the marine economy as it
transitions to a new stage of high-quality development to avoid a
further decline in TFP growth. For example, the government
should prioritize marine science and technology innovation and
focus on marine technological progress. Second, more
extraordinary efforts are required to ensure the regional
growth of the marine economy. In particular, the Pan-Pearl
River Delta region should fully exploit the established
advantages of the Guangdong-Hong Kong-Macao Greater Bay
Area to drive late-developing provinces such as Guangxi and
Hainan to achieve synergistic development and shared
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prosperity. Third, China should further expand the degree of
openness to the outside world and improve the ability to develop
marine resources based on sound marine ecological civilization
construction. Furthermore, it is also crucial to vigorously
develop marine transportation, diversify coastal tourism and
optimize the structure of the marine industry to accelerate the
high-quality development of China’s marine economy.
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