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Based on the panel data of the province and municipality in 2010-2021, this
paper measures the fishery eco-efficiency by using the SBM-DEA model and
empirically analyses how China’s marine ranch construction improves the fishery
eco-efficiency by using the double-difference fixed-effect model. The results
show that, firstly, China’s marine ranch construction can improve the fishery
eco-efficiency. Secondly, China’s marine ranch construction promotes fisheries
eco-efficiency by improving the input efficiency of labor, fish species, fishing
vessel, fishery technology extension, aquaculture area and by reducing pollutant
outputs. Thirdly, the fishery eco-efficiency of the marine ranch construction
region has increased annually since 2015, and technological changes, scale
efficiency changes and technical efficiency changes can all contribute to the
fishery eco-efficiency improvement, and increase in order. Based on the results
of the empirical analyses, this paper proposes policy recommendations to
improve the fishery eco-efficiency in the conjunction with the construction of
marine ranch in China.

KEYWORDS

China’s marine ranch, fishery ecological efficiency, Super-SBM model, differences in
differences model, food safety

1 Introduction

In the 21st century, fishery resources play a vital role in economic development and daily
life of human beings, not only as an important source of economic growth, but also as an
important source of daily protein needs of human beings. The traditional mode of utilization
of marine fishery resources focuses too much on the efficiency of fishery production, leading
to the continuous deterioration of the marine ecological environment, the continuous decay
of marine fishery resources and the continuous reduction of fishery eco-efficiency. In order to
make more rational and full use of marine resources, the report of the 20th National Congress
of the Communist Party of China pointed out the importance of further developing the marine
economy and protecting the marine ecological environment. Improving the marine ecological
environment and promoting the fishery eco-efficiency is also an important initiative for China
to participate in the governance of the world marine ecological environment and protect the
world marine ecological environment. The construction of marine ranch can provide stable,
abundant and safe fishery products, while promoting the conservation of marine biological
resources and improving the marine ecological environment, which is an effective model for
improving the fishery eco-efficiency. Since 2017, the “Central First Document” has emphasized
the promotion of the construction of marine ranch for three consecutive years, and the

01 frontiersin.org


https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fsufs.2024.1401842﻿&domain=pdf&date_stamp=2024-05-10
https://www.frontiersin.org/articles/10.3389/fsufs.2024.1401842/full
https://www.frontiersin.org/articles/10.3389/fsufs.2024.1401842/full
https://www.frontiersin.org/articles/10.3389/fsufs.2024.1401842/full
mailto:2010019@ouc.edu.cn
https://doi.org/10.3389/fsufs.2024.1401842
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://doi.org/10.3389/fsufs.2024.1401842

Yusheng et al.

“Central First Document 2023” continues to point out the importance
of constructing modern marine ranch and building a diversified food
supply system (Central People's Government of the People's Republic
of China, 2023). The new-era marine ranch established on the basis of
high level, high starting point and high standard will be able to
generate greater economies of scale in the supply of fishery resources
and play a more important role in the conservation and sustainable
use of fishery resources.

Eco-efficiency was originally proposed by the World Business
Council for Sustainable Development (WBCSD) in 1992 (Nakahara,
1992). It means “the provision of competitively priced goods or
services that satisfy human needs and improve the quality of human
life, while conforming to the Earth’s carrying capacity and reducing
ecological impacts” It has also been defined by scholars as being
linked to sustainable development and being able to satisfy human
social needs with the least amount of resource and ecological pollution
(Schaltegger and Sturm, 1996). In comparison with traditional
efficiency of production, eco-efficiency can express the separation
between economic growth and environmental pressure and can reflect
the green competitive strength of a country (Zhu and Zhu, 2005).
Existing studies on fishery ecological efficiency have focused on
measurement, problems, and studies of influencing factors. As an
important part of China’s economic development, the fishery industry
has been developing rapidly in recent years, but the conflict between
the crude mode of economic development and the concept of
sustainable development has led to the depletion of fishery resource
and the aggravation of the marine pollution problem (Liu et al., 2023).
Currently, some scholars have used different methods to measure
eco-efficiency, such as Stochastic Frontier Gravitational Analysis
(SFA), Data Envelopment Analysis (DEA), et al. By analyzing the
eco-efficiency of China’s fishery industry, it has been found that the
eco-efficiency of China’s fishery industry is significantly lower than the
industry’s economic efficiency and the development of the fishery
industry is not in coordination with the protection of the environment
(Yan and Zhong, 2022). The loss of fishery eco-efficiency is mainly due
to over-consumption of resources and unrestricted output of pollution
(Qin etal,, 2018). Although China’s coastal provinces have inherent
advantages in fishery development due to their geographical location,
analyses of the spatial and temporal evolution of fishery eco-efficiency
in China’s coastal provinces have also found that the fishery
eco-eficiency of the coastal provinces is mainly of the medium-low
efficiency type and the slow growth of the fishery eco-efliciency has
been caused mainly by environmental pollution (Han et al., 2019).

Marine ranch refers to the implementation of artificial
management in a certain sea area to provide a good living
environment for marine aquatic organisms, combining aquatic
organisms breeding and proliferation and making full use of the
existing marine space within a reasonable range, so as to maximize
the productivity of the fishery industry and ensure the sustainable
use of marine resources, Marine ranch is a fishery production
method that combines economic development and environmental
protection (Tan and Lou, 2021). There have been studies focusing
on analyzing the historical evolution of marine ranchlands and the
significance of marine ranch in improving the eco-efficiency of
fisheries. The history of marine ranch can be traced back to 1860,
when in order to restore salmon stocks that had been reduced by
environmental pollution, salmon species enhancement program
were carried out in United States, Canada, and other regions, and
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thus marine ranch can also be called “stock enhancement”
(Salvanes, 2001). The idea of marine ranch was proposed by
United States in 1968 and put into action in 1972 (Yang, 2016). In
the 21st century, America has deployed functional reefs in 2,400
areas, increasing biological resources nearly 43-fold and increasing
fisheries production by 5 million tons (Hu et al., 2019). As a
government-driven project, marine ranch can generate economical,
social and ecological benefits, while maintaining ecological safety
is the basis for it to provide other functions (Du and Li, 2022). Its
unique ecological function makes it superior to traditional fishery
model, which not only provides abundant fishery product but also
provides ecosystem services to human beings (Zhou et al., 2019).
Marine ranch can improve fishery eco-efficiency through biological
growth environment improvement technology, biological behavior
control technology, biological growth environment detection
technology, biological resources assessment technology and
equipping with professional human management and perfect
infrastructure. Biological growth environment improvement
technology mainly through providing a good feeding and breeding
environment for fish by putting in artificial reefs and mudflat
modification (Liu et al., 2022). Biological behavioral control
technology is mainly through the sound, light and electricity to
achieve the domestication of fish behavior, this way achieved the
combination of physical and biological methods, thus achieving
the productivity improvement (Yang et al., 2004). Biological
growth environment detection technology mainly through the
establishment of sensors, monitoring nodes to achieve the growth
environment, seawater temperature automatic monitoring and
early warning to ensure the stability of the marine ecological
environment (Jia et al., 2022). Biological resources assessment
technology is to use electronic and acoustic principles, such as the
use of fish detectors, timely understanding the growth status of
various fish species, adjust the proportion of various fish species,
and maximize the benefits of marine ranch (Wang et al., 2020). In
conclusion, marine ranch has economical and ecological benefits
to a certain extent, it can make full use of a series of technical
methods to protect the marine environment to achieve the increase
of fishery resources and fishery eco-efficiency improvement.

In conclusion, as a modernized production model equipped with
advanced production technology and equipment and also effective in
reducing pollutant output and closely linked to secondary and
tertiary industries which consume less resources and have high
technological content, the marine ranch has great research value in
exploring the process of improving fishery eco-efficiency. However,
the existing literature on marine ranch focuses on theoretical
analyses, and there is a lack of empirical evidence on whether and
how marine ranch can improve fishery eco-efficiency. Therefore, this
paper firstly applies a Differences in Differences model and uses
empirical analyses to link marine ranch and fishery eco-efficiency to
provide empirical research evidence of causal identification of how
marine ranch can improve fishery eco-efficiency. Secondly, using
regulatory effect analysis to identify the detailed pathway of action of
marine ranch in improving fishery eco-efficiency. Then, through
productivity index analysis to find out the problems of marine ranch
in the process of improving fishery eco-efficiency from the level of
technology and efficiency. Finally, combined with the construction of
marine ranch, put forward policy recommendations to improve
fishery eco-efficiency.
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2 Policy evolution and research design
2.1 Policy evolution

The marine ranch concept appeared in China in 1991 when
Liaoning Province issued the policy document “Changhai County
Marine Ranch 1,646 Project” (Liaoning Bureau of Oceanography,
1991), and since then marine ranch has continued developing in
China. China’s marine ranch construction can be divided into
three stages: initial formation period (1991-2005), construction
promotion period (2005-2015) and construction acceleration
period (2015). In the first stage, the construction of marine ranch
is mainly led by local governments and pilot exploration has only
started in certain coastal provinces, the construction is still in
infancy. In the second stage, the construction of marine ranch has
been highly valued by the central government and has changed
from being led by the local government to being led by the central
government. In the third stage, more attention is paid to the
construction of modernized marine ranch (national marine ranch
demonstration zone), with emphasis on ecological sustainability
and this stage is also a new period of marine ranch construction
(Yang et al,, 2019; Yu and Zhang, 2020). The construction of
marine ranch in new period was officially launched in 2015, in
2017, the “National-level Marine Ranch Demonstration Area
Construction Plan” was officially published (Ministry of
Agriculture, 2017), which promotes new breakthrough in marine
ranch. Until 2022, China has built 169 national level marine
pasture demonstration zones, covering the Bohai Sea, Yellow Sea,
East China Sea and South China Sea. The construction of marine
ranch in new period has changed the development goal from the
improvement of fishery production efficiency to the track of
ecological efficiency improvement, which is really consistent with
the original intention of the construction of marine ranch and it
is a brand-new stage of the development of marine ranch
in China.

2.2 Model construction

Data Envelopment Analysis (DEA) was created by Charnes
and Cooper, which uses a linear programming approach to analyze
multiple input and multiple output indicators to calculate relative
efficiency (Charnes et al., 1978). This method avoids the subjective
influence of manually determined weights on the measurement
results and has been widely used in eco-efficiency research (Pan
and Ying, 2013). However, traditional DEA models require inputs
to change in equal proportion with outputs when evaluating
efficiency, which ultimately results in biased efficiency
measurements. Therefore, Tone constructed the SBM model based
on the traditional DEA model, which is an efficiency measure
based on slack variables (Tone, 2001). However, the SBM model
still has some shortcomings, as its measurement of efficiency
values still only remains between [0, 1], resulting in the inability
to compare effective decision-making units. Therefore Tone built
the Super-SBM model based on SBM model, which solved the
problem of the limitation of the value of the efficiency value (Tone,
2002). But the calculation of fishery eco-efficiency needs to

consider not only desired outputs but also non-desired outputs.
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Therefore, this paper refers to the Super-SBM model, while
considering the undesired outputs, and finally the fishery
eco-efficiency is calculated by using the undesired output
Super-SBM model.

2.2.1 Undesired output Super-SBM model

Assume that there are n decision-making units (DMUs), each
of which contains three elements: inputs, desired outputs and
undesired outputs (X, Y, B), X=(x5)€eR ™", Y=(yy)e&" ",
Z=(z;)€”*". Let X>0, Y>0 Z>0 then the set of production
possibilities: P={(x,y)[x>XA, y<YA, z>ZA, A>0} in which
A=A Ay ..
represents the efficiency value of the decision-making unit, and the

.,J€ R represents the vector of weights coefficients, P

three inequalities in the P function represent that the actual input
level is larger than the frontier level, the actual output is smaller
than the frontier output level, and the actual undesired output is
larger than the frontier level. The specific model is shown in
Equation (1):
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2.2.2 Differences in differences fixed effect model

The Differences in Differences method, as a quasi-natural
experiment, is able to analyze the role of something by comparing
an experimental group with a control group. In order to explore
the impact of marine ranch construction on fishery
eco-efficiency, this paper constructs the following Differences in

Differences model. The specific model is shown in Equation (2):

EEF; = Bo + Bididy x timej; + EXjy + v +uy + € (2)

EEF, is the Explained variable, which refers to the fishery
eco-efficiency. did,, is the region dummy variable, and time; is the
time dummy variable, which are multiplied together to produce
did,, x time;, which is the policy dummy variable in this paper. X
is the control variable, v; is the region fixed effect, u, is the time
fixed effect, and ¢;, is the small disturbance term. f, is to indicate
the relationship between the construction of marine ranch and
fishery eco-efficiency, which is positively related if positive and
negatively related if negative.
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2.2.3 Balanced trend test

The basis of the differences in differences realization is through
the balanced trend test, which means that there is no significant
difference between the experimental group and the control group
before the implementation of the policy, so this paper constructs the
following balanced trend test model . The specific model is shown in
Equation (3):

EEFy = Bo+ D> + Di* +---+ Djf + D}) +
DS+ EXy +vi +uy + 3)

The policy dummy variable did, x time; is replaced by D in the
equation, with the superscript indicating the policy’s lead or lag term,
and 2014 is excluded in order to prevent multicollinearity due to
dummy variable traps. If the regression result of the policy dummy
variable before policy implementation is not significant, it means that
there is no significant difference between the experimental group and
the control group before policy implementation.

2.3 Variable selection and data source
2.3.1 Variable selection

1 Explained variable: the explained variable selected in this paper
is fishery eco-efficiency (EEF), which is calculated by using the
non-expected output Super-SBM model, by referring to
previous practices (Arita and Leung, 2014; Iliyasu et al., 2016;
Rahman et al., 2019; Yan and Zhong, 2022) and combining
with own reflections. The input variables are: fishery labor,
fishery species, fishery vessel, fishery technology extension
fund, fishery culture area and fishery intermediate
consumption; The desired output variables are: total fishery
GDP and total fishery production; The undesired output
variables are: fishery pollutant emission, the total pollutant
emission is calculated in this paper with reference to Zhong
etal. (2023). The input-output indicators are shown in Table 1:

2 Core Explanatory Variable: the core explanatory variable in this
paper is did; x time;, which is whether or not the region is a
policy implementation region in 2015.In this paper, the region

TABLE 1 Input—output table.

Variable type Variable name Variable
description
Input variable Fishery labor Million people

Fishery species Million tonnes

Fishery vessel Million tonnes

Fishery technology extension
fund

Billion

Fishery culture area Million hectares

Fishery intermediate consumption | Billion

Desired output variable | Total fishery GDP Billion

Total fishery production Million tonnes

Undesired output

Fishery pollutant emission Million tonnes

variable
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which belongs to the experimental group is set to 1 and the
region which belongs to the control group is set to 0, thus
generating the region dummy variable for this paper. The time
dummy variable for this paper is generated by setting the time
before 2015 to 0 and the time after 2015 (including 2015) to 1.
Multiplying the region dummy variable with the time dummy
variable generates the core explanatory variables of the paper.

3 Control variable: The specific control variables in this paper
include: the number of industrial enterprises, which refers to
industrial legal units with annual main business income of 20
million yuan and above; the level of transport, which is
measured by using waterborne freight turnover; the level of
external trade, which is measured by using total exports and
imports; the level of electricity consumption, which is
measured by using total electricity consumption; the level of
revenue, which is measured by using government general
budget revenues; size of population, which is measured by
using total population; the level of consumption, which is
measured by using the total retail sale of consumer goods; the
level of financial development, which is measured by using the
balance of deposits in financial institutions at the end of the
year. The control variables are standardized in this paper.

4 Moderating variable, which are introduced in this paper with
the aim of exploring the detailed pathways of marine ranch’s
role in improving fishery eco-efficiency. Because the
redundancy of each variable is calculated correspondingly
during the calculation of the SBM model, which provides
insights for the selection of moderating variables in this paper,
the redundancy of the input variables, and undesired output
variables are selected as the moderating variables in this paper.

2.3.2 Data source

This paper selects panel data from 30 provinces and municipalities
for the period 2010-2021, of which the number of experimental
groups is 11 and the number of control groups is 19. Due to the more
serious missing data in Tibet, it was excluded, and there are a few parts
of this paper with missing data, all of which were made up using linear
interpolation. The data in this paper are from the China Fisheries
Statistical Yearbook, the China Agricultural Statistical Yearbook and
the EPS Global Database (Table 2).

3 Empirical analysis

3.1 Analysis of differences in differences
regression result

Columns (1) and (2) of Table 3 report the relationship between
marine ranch construction and fishery eco-efficiency based on
Equation (1), controlling for time and region effect in the regression
model to eliminate the endogeneity problem caused by unobservable
factors of region and time, which may lead to bias in the estimation result.
Column (1) of Table 3 shows the result of the regression without adding
the control variables and Column (2) of Table 3 shows the result of the
regression after adding the control variables, both using robust standard
errors in the regression methodology. The result shows that the
relationship between marine ranch construction and fishery
eco-efficiency is significantly positive regardless of whether control
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TABLE 2 Descriptive statistics for each variable.

10.3389/fsufs.2024.1401842

Variable type Variable name Average value Standard
deviation
Input variable Fishery labor Million people 45.4757 46.1384
Fishery species Million tons 13.3694 20.6099
Fishery vessel Million tons 32.5067 60.0103
Fishery technology extension fund Billion 0.8359 0.7225
Fishery culture area Million hectares 25.8001 26.0763
Fishery intermediate consumption Billion 141.4111 193.8186
Desired output variable Total fishery GDP Billion 725.8861 1059.414
Total fishery production Billion 208.2393 257.7109
Undesired output variable Fishery pollutant emission Million tons 0.8109 1.092125
Explained variable EEF - 1.1523 0.4063
Core explanatory variables did; x time;, - 0.1911 0.3937
Control variable The number of industrial enterprises Individual 12778.42 14008.61
The level of transport Million tons 5744.143 5793.262
The level of external trade Billion dollars 1404.949 2255.723
The level of electricity consumption Gigawatt/h 2018.176 1479.469
The level of revenue Billion 2692.453 2292.245
Size of population Million 44593.65 2934.708
The level of consumption Billion 9966.947 8591.287
The level of financial development Billion 47258.89 45825.65
Moderating variable Labor redundancy Million people 1.5089 5.8496
Fishery species redundancy Million tons 1.2924 5.8913
Fishery vessel Million tons 0.6169 3.0369
Fishery technology extension fund redundancy Billion 0.5025 0.1567
Fishery culture area redundancy Million hectares 1.7942 6.4087
Fishery intermediate consumption redundancy Billion 4.2839 28.0784
Fishery pollutant emission redundancy Million tons 0.0641 0.2445

variables are added or not, which indicates that marine ranch construction
can improve fishery eco-efficiency. To further prove the correctness of the
result, a series of robustness tests are conducted in this paper.

3.2 Robustness test

3.2.1 Balanced trend test

The use of Differences in Differences is based on the fulfillment of
the balanced trend test, which is carried out to demonstrate that there
is no significant difference between the experimental and control
groups before the policy is implemented, while there should be a
significant difference between the experimental and control groups
after the policy is implemented. In this paper, 2015 is set as the base
year, while 2014, the previous year of policy implementation, is
excluded to avoid the problem of multicollinearity, and the result is
shown in Figure 1. In Figure 1, the horizontal coordinate represents
the time of the policy and the vertical coordinate represents the effect
of the policy; if the dashed line for a given year passes through the 0
scale, the effect of the policy is insignificant and if it does not pass
through the 0 scale, the effect of the policy is significant. Figure |
shows that the policy is not significant in any of the years prior to its
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implementation, and that it becomes significant in 2020, indicating
that the effect of the policy has a certain lag.

3.2.2 Propensity score matching robustness test
This paper uses propensity score matching for robustness testing,
mainly to eliminate the sample self-selection bias problem as much as
possible. If there are certain factors between the experimental and
control groups that cause them to be inherently biased, it will reduce
the accuracy of the estimate. Therefore, this paper aims to eliminate the
bias between the experimental and control groups that may affect the
estimation results by propensity score matching. This paper suggests
that the fishery eco-efficiency is likely to be higher in regions with
higher levels of economic development. Due to the construction of the
marine ranch is in the coastal region, the coastal region has a higher
level of economic development compared to the inland region, and this
paper thinks that the important reason for this deviation in the level of
economic development is because the coastal region has advantages in
foreign trade that the inland region does not have, so this paper takes
the level of foreign trade as one of the matching variables in this paper.
In addition, the level of consumption can also reflect the level of
economic development, and the difference in the financial ability of
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TABLE 3 Analysis of regression result.

10.3389/fsufs.2024.1401842

did; x time; 0.161%** 0.139%** 0.109%* 0.110%* 0.111%*
(0.045) (0.046) (0.049) (0.049) (0.049)
The number of industrial enterprises 0.454%* 0.477 0.477 0.590%*
(0.234) (0.347) (0.344) (0.344)
The level of transport —0.301 —0.050 —0.059 —0.062
(0.224) (0.272) (0.275) (0.277)
The level of external trade 0.768 0.862 0.991 0.890
(0.613) (1.253) (1.254) (1.188)
The level of electricity consumption 0.890%** 0.715%* 0.674%* 0.738%*
(0.285) (0.342) (0.342) (0.348)
The level of revenue —1.393%* —1.285% —1.245% —1.500%*
(0.641) (0.734) (0.729) (0.720)
size of population —1.391 —0.412 —0.267 0.112
(1.338) (1.714) (1.704) (1.772)
The level of consumption 0.416 0.196 0.202 0.202
(0.262) (0.298) (0.294) (0.298)
The level of financial development 1.332%% 1.099 1.078 1.385%*
(0.524) (0.703) (0.706) (0.693)
Time Uncontrol Control Control Control Control
Region Uncontrol Control Control Control Control
_cons 1.122%%* 1.2127%** 1.017%%* 0.971%* 0.823*
(0.012) (0.331) (0.413) (0.408) (0.427)
N 360.000 360.000 330.000 330.000 336.000
r 0.783 0.806 0.809 0.810 0.805

Standard errors in parentheses.
#p<0.1, #*p<0.05, #**p<0.01.
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FIGURE 1
Balanced trend test.

local governments can also lead to the difference in financial support
for the fishery industry, thus resulting in different fishery eco-efficiency
in each region, so this paper takes the level of consumption and the level
of revenueas the matching variables in this paper as well. The regression
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results after matching are shown in columns (3) and (4) of Table 3, and
in the matching method, nearest neighbor matching (1:4) and radius
matching are used, according to the regression results, it can be seen
that the regression results are significantly positive regardless of which
method is used, which verifies the correctness of the results of this
paper. It should be noted that after propensity score matching, the
deviation of each matching variable before and after matching needs to
be examined to ensure that the deviation of each matching variable after
matching is within an acceptable range. Figure 2 reports the matching
results for each matching variable, and it can be seen that the deviation
of each matching variable is reduced to less than 10%after matching,
indicating successful matching.

3.2.3 Altering the timing of policy shocks

The purpose of this section of the paper is to explore whether the
erroneous estimation results are due to the fact that other policies were
implemented at the same time in the year in which the policy was
implemented. In this paper, the policy implementation time is advanced
to 2012 and 2011 respectively, thus regenerating the core explanatory
variables, the regression results are shown in Table 4, the regression results
are not significant, proving the robustness of the result of this paper.
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3.2.4 Fictitious experimental groups

By fictionalizing the experimental group, this paper explores
whether there are other unobservables that cause the regression to
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FIGURE 2
Matching variable test.
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TABLE 4 Altering the timing of policy shocks.

10.3389/fsufs.2024.1401842

be significant, independent of which regions enter the experimental
group. The specific idea is to randomly select the same number of
regions as the experimental group as the fictitious experimental group
in all the samples, and regress the fictitious experimental group with
the control group in this paper, this process was repeated 1,000 times,
the results of the 1,000 regressions are presented in the form of kernel
density distribution plots. The results are shown in Figure 3, the
estimated coeflicients of the 1,000 regressions are around 0, proving
the robustness of the result of this paper.

4 Analysis of the moderating effect

This paper aims to find out the pathway of China’s marine ranch
construction to improve the fishery eco-efficiency by the analysis of
the moderating effect. Because when the SBM-DEA model is applied
to calculate the fishery eco-efficiency, the redundancy of each
variable will be calculated together, which provides the idea for the
analysis of the moderating effect in this paper. Therefore, the amount
of redundancy in each input variable and the amount of redundancy
in the undesired output variable are selected as the moderating
variables in this paper, which are logarithmised in this paper.
Moderating effect is mainly analyzed by constructing the interaction

(1) ®) term between the moderating variable and the core explanatory
— EEF variable to analyze what factors influence the core explanatory
variable in affecting the explained variable. If the coefficient of the
2012 0.047 interaction term is positive, it means that the moderator variable
(0.054) strengthens the relationship between the core explanatory variable
2011 0,065 and the explained variable, if the coefficient is negative, it means that
it weakens the relationship between the core explanatory variable
(0.066) . . . .
and the explained variable. The regression results are shown in
Control variables Control Control Table 5, according to the results, it can be seen that the labor
Time Control Control redundancy (interl), fishery species redundancy (inter2), fishery
Region Control Control vessel redundancy (inter3), fishery technology extension fund
redundancy (inter4), fishery culture area redundancy (inter5),
_cons 1.110%** 1.089%** . . O
fishery pollutant emission redundancy (inter7) are significantly
(0341) (0.336) negative, which indicates that these redundancy variables will play
N 360.000 360.000 a negative role in the process of improving fishery eco-efficiency by
2 0.801 0.801 the construction of China’s marine ranch, and it can be interpreted
Standard errors in parentheses as the construction of China’s marine ranch can improve the fishery
#p<0.1, #p<0.05, #*p <0.01. eco-efficiency by improving the redundancy of labor force, fishery
15.000 —
10.000 —
&
5.000 —
- \ .
0.000 —
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FIGURE 3
Kernel density distribution.
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TABLE 5 Analysis of the moderating effect.

10.3389/fsufs.2024.1401842

didd 0.168%** 0.148%** 0.137%** 0.127%%* 0.162%** 0.123%%* 0.141%%*

(0.043) (0.046) (0.048) (0.045) (0.045) (0.047) (0.045)
interl —0.016%*%*

(0.004)
inter2 —0.012%%*

(0.005)
inter3 —0.009*
(0.005)
inter4 —0.010*
(0.005)
inter5 —0.0127%%%
(0.004)
inter6 0.010
(0.023)
inter7 —0.013%%*
(0.005)

Control variables Control Control Control Control Control Control Control
Time Control Control Control Control Control Control Control
Region Control Control Control Control Control Control Control
_cons 1.298%##* 1.302%%% 1.112%%* 1.386%%* 1.254%%% 0.9227%%* 1.1977%%%*

(0.263) (0.281) (0.340) (0.278) (0.262) (0.334) (0.286)
N 360.000 360.000 360.000 360.000 360.000 360.000 360.000
r 0.872 0.851 0.822 0.869 0.872 0.836 0.857

Standard errors in parentheses.
#p<0.1, ¥¥p<0.05, #**p <0.01.

species, fishery vessel, fishery technology extension fund, fishery
culture area and fishery pollutant emission (Figure 3).

5 Productivity index analysis

The productivity index (Malmquist Index) was originally proposed
by Swedish economist Sten Malmquist in 1953 and has been developed
ever since. Because early DEA was only used to analysis cross-sectional
data, it was only able to analysis the efficiency of different units in the
same period of time. The emergence of panel data has made it possible
to compare efficiencies in different periods, and this has led to the
emergence of the productivity index, which is mainly used to analysis
the level of change in productivity and is able to reflect the changes in
efficiencies in different periods very well, through the decomposition
of the productivity index, it is also possible to analysis the reasons for
the changes in fishery eco-efficiency in a more detailed way.

This paper refers to Fare et al. (1994) and decomposes the fishery
eco-efficiency index into TC (technical change), PEC (pure technical
efficiency change), and SEC (scale reward change) (Fare et al., 1994).
Figure 4 reports the index of fishery eco-efficiency in the region
where the marine ranch was constructed from 2015 to 2021, and the
changes in TC, PEC, and SEC: the fishery eco-efficiency index
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increased from 2015 to 2016, with changes in pure technical efficiency
as the main contributor, while technical changes played a negative
role; There was a small increase in the fishery eco-efficiency index
from 2016 to 2017, with technological changes, technical efficiency
changes, and scale remuneration changes all contributing; The fishery
eco-efficiency index declined in 2017-2018, mainly from a decline in
scale efficiency; The fishery eco-efficiency index declined further in
2018-2019, with technological change as the main reason; The fishery
eco-efficiency index rises in 2019-2020, which comes from increasing
scale efficiency and technical efficiency; The fishery eco-efficiency
index rises slightly in 2020-2021, mainly from technical efficiency
improvement. From the chart and the analysis, it can be seen that the
fishery eco-efficiency index varies in different magnitudes but is
greater than 1, indicating that the efficiency value is increasing year
by year and the change in the fishery eco-efficiency index mainly
comes from the efficiency change. Further calculation yields an
average value of 1.085 for the fishery eco-efficiency index from 2015-
2021, an increase of 8.5%; The average value of changes in technical
efficiency is 1.0436, an increase of 4.36%; The average change in scale
efficiency is 1.0316, an increase of 3.16%; The average change in
technology is 1.0178, an increase of 1.78%. The result further suggests
that the change in fishery eco-efficiency index is mainly from
efficiency change.

frontiersin.org
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Productivity index analysis.

In conclusion, the overall eco-efficiency of marine ranchland in
the new period shows a trend of steady improvement and both
technological change and efficiency change can make contribution,
but efficiency improvement is the main contribution. It indicates that
environmental improvement, biological behavior control and other
technologies have played a role and the efficiency of technology
utilization has steadily increased, but technological innovation needs
to be strengthened and in order to further promote the fishery
eco-efficiency it is necessary to actively introduce advanced
production methods and technologies.

6 Conclusions and policy
recommendations

This paper selects panel data from 30 provinces and municipalities
from 2010 to 202, and uses a double-difference fixed-effects model to
explore how China’s marine ranch construction improves fishery
eco-efficiency. The main conclusions of this paper are as follows:

1 The result of the regression shows that the construction of
marine ranch in China can improve the fishery eco-efficiency.
The result of the balanced trend test shows that there is no
significant difference between the experimental group and the
control group before the implementation of the policy and the
policy effect appears in 2020, which indicates the lagged effect
of the policy. To verify the correctness of the conclusions, the
paper conducts robustness tests for propensity score matching,
altering the timing of policy shocks and fictitious experimental
groups, the results still hold.

2 Analysis of the moderating effect, finding the pathway of
China’s marine ranch construction to improve the fishery
eco-efficiency by constructing an interaction term. The result
shows that the construction of China’s marine ranch can
improve the fishery eco-efficiency by improving labor
redundancy, fish species redundancy, fishery vessel redundancy,
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fishery technology extension fund redundancy, fishery culture
area redundancy, and fishery pollutant emission redundancy.
China’s marine ranch not only improves traditional production
factor inputs, but also achieves ecological improvements.

3 The result of the productivity index analysis shows that the
fishery eco-efficiency in the region where the new-era marine
ranch was built has increased year by year since 2015 and
technological changes, scale-efficiency changes and technical-
efficiency changes can all contribute to the fishery eco-efficiency
and increase in order, indicating that the marine ranch should
be further strengthened with technological innovations.

Based on the above conclusions, policy recommendations to
promote the improvement of fishery eco-efficiency are proposed in
conjunction with the construction of marine ranch.

1 Strengthen the implementation of marine ranch policy.
Actively promoting the development of marine ranch in the
direction of deep-sea aquaculture; Strengthen the integrated
planning for the construction of marine ranch and build
marine ranch on the basis of full consideration of the
characteristics of each place; Strengthen the integrated
planning for the construction of marine ranch, and build
marine ranch according to local conditions on the basis of full
consideration of the characteristics of each region;

Continuously strengthen financial support for marine ranch,
using a combination of government and market approaches to
raise funds for marine ranch construction at multiple levels and
through multiple channels; Strengthen education and training
for fishermen, improve their cultural quality and train modern
professional fishermen who meet the requirements of marine
ranch; Further improve the laws and regulations related to
marine ranch (Yang, 2024), promote the improvement of the
institutional mechanism for the operation of marine ranch and
improve fishery eco-efficiency by promoting the construction
of marine ranch.
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2 Strengthen the breeding of deep-sea aquaculture species for
marine ranch. Strengthen the selection and breeding of marine
fish and shrimp breeds, enhance the protection of germplasm
resources and promote the innovative development of breeding
and promotion of deep-sea aquaculture breeds; To build a
policy guarantee system for the innovative development of
breeding and propagation of deep-sea aquaculture species and
realise the development of deep-sea aquaculture in marine
ranch by combining it with deep-water netting technology (Ke
etal,, 2023); Strengthen the protection of intellectual property
rights of deep-sea aquaculture varieties, build a protection
system for innovative achievements in deep-sea aquaculture
breeding, enhance the fishery eco-efficiency by improving the
quality of fish species.

3 Promote the development of deep-sea netting aquaculture
technology for marine pastures. Strengthen research and
development of aquaculture nets to enhance the ability of nets
to adapt to extreme environment; Promote innovation in
materials for the construction of deep-sea aquaculture nets,
enhance the ability of nets to withstand wind and wave;
Improve the construction of supporting facilities for deep-sea
netting aquaculture, strengthen research on deep-sea netting
aquaculture equipment and technology, upgrade key
technologies for deep-sea netting aquaculture and improve the
fishery eco-efficiency by increasing the utilization rate of
deep-sea aquaculture space.

4 Strengthen effort to prevent and control pollution in marine
ranch. Actively promote a paradigm shift in fisheries farming
to reduce outputs of pollution such as COD and Ammonia
Nitrogen; Strengthen the real-time monitoring of the
aquaculture environment in marine ranch, build a technical
system for real-time monitoring of marine ranch, establish a
mechanism for assessing the sustainable development of
marine ranch; Strengthen technical monitoring for marine
ranch, outlaw or renovate unreasonable equipment and
facilities, effectively improve fishery eco-efficiency by reducing
the output of pollution.

6.1 Future prospect

This study analyzed the path of the role of marine ranch in
improving the ecological efficiency of fisheries, and did not analyze
the guarantee factors for the construction of marine ranch in
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