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Abstract: High quality development of the marine economy is the main focus of China’s future. This
paper combined principal component analysis (PCA) method, coupling coordination degree (CCD)
model, and data envelopment analysis (DEA) model to evaluate the quality of marine economic
development, and analyze the drivers in Jiangsu Province, China, from 2008 to 2016. The results
show that the investment in marine economic development has gradually declined, while the output
has been increasing. It gradually presents a state of intensive development with low input and
high output. The coupling coordination level of high-quality development of the marine economy
in 2009–2014 and 2016 was above the good coordination level. The quality of marine economic
development continued to grow, with an average increase of 25.1%, of which the technological
progress change index played a decisive role, mainly through improving total factor productivity.
Marine economic development is becoming more diversified. Total industrial wastewater discharge,
the added value of marine and related industries, and the number of marine-related employees are
the main influencing factors.

Keywords: marine economy; high quality development; audit evaluation; coupling harmonious
degree; driver analysis

1. Introduction

At present, China’s marine economy has shifted from a high-speed growth stage to a
high-quality development stage [1]. We are in a period of tackling key problems in trans-
forming the mode of development, optimizing the economic structure, and transforming
the driving force of growth. The extensive growth mode of the marine economy has led to
challenges such as increased consumption of marine resources, increased waste discharge,
intensified marine environmental pollution, and degradation of the coastal ecosystem. The
14th 5-year plan clearly highlights the need to develop the marine economy and build ma-
rine power. It is necessary to effectively carry out a high-quality development evaluation of
the marine economy and reveal its driving mechanism, which has important guiding signif-
icance for implementing the new development concept. The main objective of this research
is to accurately grasp the dynamic evolution characteristics and influencing factors of the
quality of marine economic development. This will be demonstrated by, on the one hand,
effectively identifying the problems in the operation of the marine economy, improving the
production efficiency of the marine economy, and preventing the predatory growth of the
marine economy, as well as, on the other hand, promoting the sustainable development of
the marine economy and ensuring the rational utilization of marine resources, along with
the harmony and stability of the marine ecological environment. Therefore, improving the
total factor productivity of China’s marine economy is of great significance for promoting
the sustainable development of the marine economy. The key to improving the quality of
marine economic development lies in improving total factor productivity, paying attention
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to the structural adjustment and optimization of resource and environmental economy,
and realizing the comprehensive and balanced development of the ocean [2]. Improving
the total factor productivity and driving high-quality development has become one of the
main challenges facing the development of the marine economy. It is of great significance
to conduct an audit evaluation and analysis of the quality and driving factors of marine
economic development from the perspective of total factor productivity. It can not only
help us to deeply understand the internal mechanism of total factor productivity, but also
the basis for improving the quality and efficiency of marine economic development.

High-quality development is a higher level, more efficient, more equitable, and more
sustainable development. We should pay attention not only to the growth of quantity, but
also to the improvement of quality. For developing countries, Mlachila [3] believes that the
growth rate is higher, and longer-lasting social friendly growth is of higher quality. Labor
productivity and total factor productivity are important standards for audit evaluation of
high-quality development [4]. Relevant studies at home and abroad pay more attention to
the development quality of coastal cities [5], the economic quality of marine fisheries [6],
the development quality of marine protected areas [7], and the high-quality development of
regional economy [8]. Focusing on the quality of marine economic development, scholars
have mainly carried out research from the perspectives of marine industrial linkage and
spatial agglomeration [9], marine economic vulnerability [10], marine regional development
and comprehensive economic management [11,12], marine scientific and technological
innovation and marine economic development [13], marine circular economy development,
and marine ecological security construction [14,15]. In addition, a unified and standard
audit evaluation index system for the quality of marine economic development has not yet
been formed both at home and abroad [16]. Relevant research needs to be further explored,
and the index system can be constructed from the perspectives of GDP, new kinetic energy,
total factor productivity, and resource adequacy [17]. Due to the limitations of the index
system and research methods, it cannot effectively reveal the dynamic characteristics of
the quality of marine economic development, and there is less exploration on the driving
factors affecting the quality of marine economic development [18,19]. The commonly used
research methods and models mainly include the entropy method [20] and the improved
Topsis method [21,22], a super-efficiency Slacks-Based Measure model and Bayesian model
averaging method [23], principal component analysis and regression analysis [24], set
pair analysis and the kernel density estimation model [25], the Delphi method, the AHP
method, and the linear combination model [26,27], the linear weighted model, the coupling
coordination degree model and Kernel density estimation [28], the SFA basic model, the
coefficient of variation, the Gini coefficient and entropy method [29], the fuzzy matter
element model [30], the DEA model [4,31] etc.

We should speed up the improvement of the top-level design of the audit evaluation
index system for the high-quality development of the marine economy. From the aspects of
marine social economy, marine resources, and marine ecological environment, this paper
selects the input index and output index of marine economic development, respectively,
and has constructed the audit evaluation index system of marine economic development
quality. In order to accurately grasp the quality of marine economic development, and
the coupling coordination degree between input–output efficiency, this paper combined
and applied the PCA method, the CCD model, and the Malmquist model. Firstly, the PCA
method was used to screen the indicators, eliminate the repeated information that may
be contained in the index system, and avoid the subjective influence of index selection.
The principal component scores of input variables and output variables were calculated by
weighting, and analyzed the main driving factors. Secondly, the coupling and coordination
relationship between the inpu–toutput efficiency of the marine economy was measured
and analyzed by CCD model. Finally, PCA–Malmquist method was used to reveal the
dynamic change trend of marine economic development quality in Jiangsu Province. This
research provides important empirical references and decision-making bases for the audit
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and evaluation of the quality of marine economic development, and is of great significance
to aid the deep understanding the quality of marine economic development.

2. Data and Methods
2.1. Data Sources

Jiangsu province is located on the coast of the Yellow Sea and the west coast of the Pacific
Ocean (Figure 1), with a longitude 116◦18′ E–121◦57′ E and a dimension 30◦45′ N–35◦20′ N.
The coastal zone covers an area of around 3.5 × 104 km2; the sea area is 3.75 km2, and the
length of the coastline is 888.9 km. In recent years, the overall development of the marine
industry in Jiangsu province has maintained a steady growth. In 2017, the GDP of the marine
industry was CNY 721.7 billion, the added value of the marine industry was CNY 411.98 billion,
and the added value of major marine industry was CNY 276.48 billion. This paper selects the
input and output indicators of marine economic development in Jiangsu Province, China, from
2008 to 2016. On the basis of calculating the principal component scores of input variables
and output variables, according to the Malmquist index and total factor decomposition results,
the audit evaluation analyzes the dynamic changes and main influencing factors of marine
economic development quality, and puts forward feasible suggestions. Relevant data come
from the marine statistical yearbook, marine economic development report, monitoring data of
environmental protection departments, and pollutant discharge declaration data.
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2.2. Index System and Standardization

The marine economy is a complex system which involves many factors. It is necessary
to conduct a comprehensive audit and evaluation of the development quality of the regional
marine economy from a multi-dimensional perspective. Based on the research results of the
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marine economic development index system both at home and abroad [32,33], combined
with the actual situation of Jiangsu Province, this paper selects 10 input indexes and
9 output indexes from the aspects of marine social economy, marine resources profit and
loss, and marine ecological environment, and constructed the audit evaluation index
system of marine economic development quality in Jiangsu Province (Table 1). Based on the
index data from 2008 to 2016, an original index data matrix X = (xij)9×19 was constructed,
which represents 9 evaluation programs, each with 19 evaluation indicators. The range
standardized transformation method was used to dimensionless process the judgment
matrix to obtain a standardized matrix Y = (yij)9×19.

Table 1. The audit evaluation index system of marine economic development quality.

Criterion Layer Coastal Area Indicator Layer Indicator Number Indicator Type

Input indicators

Wetland area (10,000 hectares) I1 Cost type
Per capita water resources (m3/person) I2 Cost type

Mariculture area (Ha) I3 Cost type
Wind power generation capacity (10,000 KW) I4 Beneficial

Phytoplankton diversity index I5 Cost type
Large zooplankton diversity index I6 Cost type

Benthic biodiversity index I7 Cost type
Total industrial wastewater discharge

(10,000 tons) I8 Cost type

Industrial waste gas emission (100 million m3) I9 Cost type
Industrial smoke (powder) dust emission

(100 million m3) I10 Cost type

Output indicators

Added value of marine and related industries
(100 million yuan) O1 Beneficial

Proportion of marine GDP in GDP of coastal
areas (%) O2 Beneficial

Proportion of output value of marine primary
industry (%) O3 Beneficial

Proportion of output value of marine
secondary industry (%) O4 Beneficial

Proportion of output value of marine tertiary
industry (%) O5 Beneficial

Number of marine-related employees
(10,000 persons) O6 Beneficial

Marine passenger volume (10,000 persons) O7 Beneficial
Cargo throughput of coastal ports (10,000 tons) O8 Beneficial

Area of marine type nature reserve (hm2) O9 Beneficial

2.3. Methods

Many scholars use the DEA model from the perspective of marine economic quality
and efficiency. For example, Dong Z [30] evaluated the efficiency of marine economic and
technological innovation in Zhejiang Province, China. Zhao X and Guo KY [34] used the
improved GRA–DEA hybrid model to evaluate marine economic efficiency. Wen MM [35]
established a differential equation model, and comprehensively evaluated the dynamic
and coordinated development of the marine economic ecological complex system through
data envelopment analysis (DEA). Sun CZ [36] constructed a ring structure of a complex
marine system, and calculated the efficiency of the chain structure using a network data
envelopment analysis (DEA) model. Ren wh [37] included bad output into the total factor
productivity measurement, and used the Malmquist–Luenberger index model to evaluate
the green efficiency of China’s marine economy under environmental constraints. Wang X
and Xu XH [8] used the optimized Malmquist–Luenberger index to calculate total factor
productivity and the Dagum Gini coefficient method to calculate the changes in economic
quality and efficiency. Wei XY [38] calculated the green total factor productivity (GTFP)
of the marine economy based on the super-efficiency slack-based measure model and
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global Malmquist index model. Most studies focus on the analysis of overall efficiency,
technical efficiency, and scale benefit when conducting an audit evaluation and analysis
of marine economic development quality based on data envelopment analysis [39]. Few
studies use the Malmquist index to analyze efficiency changes and interpret the role of the
total factor production coefficient in efficiency evaluation [40]. Therefore, compared with
the existing research, this paper combined and applied the PCA–CCD–Malmquist model,
which overcomes the problem that the traditional DEA model has no feasible solution, as
well as the issue of the efficiency evaluation distortion of development quality caused by
ignoring the input and output relaxation variables. This paper explores the internal essence
of marine economic development quality from the perspective of total factor productivity.

2.3.1. Principal Component Analysis

PCA is a statistical analysis method that can effectively reduce the dimension of
variables. It divides multiple variables into fewer comprehensive indicators, analyzes all
kinds of information existing in each variable, and makes the comprehensive indicators
free of duplicate information as far as possible. The specific steps are as follows:

The principal component load and the scores of each principal component are cal-
culated, and the principal component comprehensive index is calculated by using the
principal component function:

kij = k
(

Fij, xij
)
=
√

λiaij; (1)

Fij = a1 × zx1 + a2 × zx2 + . . . + ai × zxi (i = 1, 2, . . . , t; j = 1, 2, . . . , n); (2)

P =
t

∑
i=1

AijFij (3)

In the formula, kij is the main component load, which reflects the correlation between
the main component and the original variable. Fij is the i-th principal component score
of the original variable, that is, the index value after weighted processing. xij is the initial
variable. zxi is the standardized data. P is the comprehensive index of marine economic
development. t is the number of main components. Aij is the variance contribution rate of
the i-th principal component.

2.3.2. Coupling Coordination Degree Model

Based on the comprehensive score f (x) of input principal component and the com-
prehensive score g(y) of output principal component of marine economic development,
the input–output coupling coordination degree model of marine economic development
is constructed:

H =
√

C× P =

√√√√√√
 f (x)× g(y)

[ f (x)+g(y)
2 ]

2


1
2

× [α× f (x) + β× g(y)] (4)

In the formula, H is the coupling coordination degree, C is the coupling degree, P is
a comprehensive coordination evaluation index, and α and β are to be determined. Since
the importance of defining the input of marine economic development is consistent, the
α = β = 0.5 is defined. The larger the results, the higher the degree of coupling and
coordination between the systems.

The coupling coordination degree reflects the coupling degree of the input–output
of marine economic development, as well as the development level of both. In order to
accurately evaluate the coupling and coordination relationship between the input and
output of marine economic development, this paper divides the audit evaluation criteria of
coupling and coordination levels and types (Table 2).
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Table 2. Audit evaluation criteria of coupling coordination level and type.

The Coupling
coordination degree 0.8–1.0 0.7–0.8 0.6–0.7 0.5–0.6 0.4–0.5 0.3–0.4 0.0–0.3

The coupling
coordination level

Excellent
coordination

Good
coordination

Intermediate
coordination

Primary
coordination

Mild
dissonance

Moderate
dissonance

Severe
dissonance

2.3.3. Data Envelopment Analysis Model

DEA uses CCR, BBC, FG, ST, and other data planning method models to set multiple
inputs and generate decision-making unit outputs, in order to judge whether each decision-
making unit (DMU) is effective [41]. Suppose there are n decision-making units DMUj
(1 ≤ j ≤ n), and each DMU has m input variables and s output variables. xij = (x1j, x2j, . . . ,
xmj)T > 0 represents the ith input vector of the j-th DMU. yij = (y1j, y2j, . . . , ysj)T > 0 indicates
the output vector of the j-th DMU to type i.

The Charnes–Cooper model is used to convert the above fractional programming
model into a linear programming model to form the following CCR model:

minθ = VD

s.t.
n
∑

j=1
λjxj + S− = θxjo

n
∑

j=1
λjyj − S+ = yjo

λj ≥ 0, j = 1, 2, . . . , n
S+ ≥ 0, S− ≥ 0

(5)

In the formula, λj is the combined weight of n DMU. ∑n
j=1 λjxj and rmax < R ≤ 2m

are the input and output vectors under weight combination. S+ and S− are slack variables,
S+ = (S+1, S+2, . . . , S+s)T, S− = (S−1, S−2, . . . , S−m)T.

On the basis of CCR, the BBC model considers the impact of scale efficiency. The
optimal solution of the BBC model represents the state of economies of scale. When
∑λ* = 1, it means that the decision-making unit is in a state of constant return to scale.
When ∑λ* < 1, it means that the decision-making unit is in a state of increasing scale. When
∑λ* > 1, it means that the decision-making unit is in a state of decreasing scale.

3. Results and Analysis
3.1. The Driving Force of Marine Economic Development

Principal component analysis was performed on the standardized data of the input
index and output index, respectively, and the characteristic root and variance contribution
rate of the correlation coefficient matrix were obtained (Table 3). Since the eigenvalues
of the first three components in the input index are greater than 1, and the cumulative
contribution rate reaches 89.138% ≥ 85%, three principal components are extracted. The
eigenvalues of the first three components in the output index are greater than 1, and the
cumulative contribution rate reaches 92.245% ≥ 85%, and three principal components are
also extracted.

By calculating the principal component loadings and eigenvectors of input indicators
and output indicators (Table 4), the main influencing factors of the quality of marine
economic development are analyzed from the aspects of input and output. The study
found that total industrial wastewater discharge, phytoplankton diversity index, and
wetland areas are the key influencing factors of the principal component of the input index.
The proportion of marine GDP in the overall GDP of coastal areas, the added value of
marine and related industries, and the number of marine-related employees are the key
influencing factors of the principal component of the output indicator.
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Table 3. Extraction sums of squared loadings.

Element
Principal Component Input Index Principal Component Output Index

1 2 3 1 2 3

Total 5.015 2.684 1.216 4.533 2.264 1.505
Percent variance 50.146 26.836 12.156 50.365 25.155 16.724

Accumulation 50.146 76.982 89.138 50.365 75.52 92.245

Table 4. Factor loading matrix and eigenvectors of the principal components.

Evaluation
Factor

Principal Component Loading Feature Vector

1 2 3 1 2 3

I8 −0.986 0.052 −0.038 −0.440 0.032 −0.035
I5 0.937 −0.178 −0.185 0.419 −0.109 −0.168
I1 0.906 −0.101 −0.193 0.404 −0.062 −0.175
I7 −0.789 0.312 −0.173 −0.353 0.191 −0.157
I6 0.739 −0.061 −0.515 0.330 −0.037 −0.467
I10 0.442 0.859 0.186 0.198 0.525 0.168
I9 0.504 0.831 0.181 0.225 0.507 0.164
I4 −0.594 0.751 −0.134 −0.265 0.459 −0.122
I2 0.561 0.617 0.175 0.251 0.377 0.159
I3 0.238 −0.404 0.855 0.106 −0.246 0.776

O2 0.933 −0.229 0.121 0.438 −0.152 0.098
O1 0.870 0.474 0.032 0.409 0.315 0.026
O6 0.862 0.481 0.098 0.405 0.320 0.080
O9 −0.796 0.427 −0.214 −0.374 0.284 −0.174
O8 0.791 0.551 0.215 0.372 0.366 0.176
O5 −0.683 0.632 0.331 −0.321 0.420 0.270
O4 0.523 −0.842 −0.026 0.246 −0.559 −0.021
O3 0.399 0.402 −0.674 0.187 0.267 −0.550
O7 −0.063 −0.024 0.907 −0.029 −0.016 0.739

According to the principal component scores of the input index and the principal
component scores of the output index (Table 5), the main influencing factors of the quality
of marine economic development were evaluated and analyzed from the two aspects of
input and output. The study found that the influence of the main influencing factors
on the quality of marine economic development gradually decreased, indicating that the
development of marine economy tends to be diversified.

Table 5. Input principal component score and output principal component score.

Year

Principal Components
of Input Indicators

Principal Components
of Output Indicators

F1 Score F2 Score F3 Score F1 Score F2 Score F3 Score

2008 1.438 0.800 0.860 −0.655 0.768 0.173
2009 1.663 0.887 0.187 0.625 −0.076 −0.174
2010 1.587 1.073 −0.176 1.052 −0.328 0.152
2011 1.291 1.210 −0.408 1.151 −0.163 0.585
2012 0.621 1.608 −0.149 1.288 0.284 0.205
2013 −0.037 1.786 0.400 1.145 0.674 0.939
2014 −0.106 1.055 0.107 1.430 0.662 0.617
2015 −0.250 1.156 0.323 1.538 0.843 −0.147
2016 −0.640 0.148 0.116 1.783 0.976 −0.103

3.2. Comprehensive Score of Principal Components of Marine Economic Development Quality

The comprehensive scores of the principal components of the input and output vari-
ables of marine economic development only represent the relative differences of the marine
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economic development in each year under the index system constructed in this paper.
The higher the score, the better the development of the marine economy. The positive
value indicates that the quality of marine economic development is above average, and the
negative value indicates below average. According to the composite scores of principal
components of input and output indicators in each year (Figure 2), it was found that only
the composite scores of principal components of input indicators in 2016 were negative
(−0.267), the result of which was lower than the average input level. The composite scores
of principal components of other annual input indicators were all positive and higher
than the average value of input. Input decreased from 1.04 in 2008 to 0.922 in 2011, and
then fell back to 0.224 in 2015. At the same time, only the composite score of the principal
components of the output indicator in 2008 was negative (−0.108), the result of which was
lower than the average output level. The composite scores of principal components of other
annual output indicators were all positive, higher than the average output. Output rose
from 0.267 in 2009 to 1.126 in 2016.
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Figure 2. The comprehensive score of principal components of the quality of marine economic development.

According to the comprehensive scores of the principal components of the input and
output indicators (Table 6), it was found that the comprehensive scores of the principal
components of the input indicators in each year generally showed a downward trend, and
the sort of these indicators are 2009, 2010, 2008, 2011, 2012, 2013, 2014, 2015, and 2016. This
shows that the investment in the development of marine economy generally demonstrates
a downward trend. The overall score of the principal components of the output indicator
showed an upward trend, and the ranking was from 2008 to 2016. This shows that the
output level of marine economic development is gradually increasing.

Table 6. Sort of comprehensive scores of principal components of input indicators and output indicators.

Year 2008 2009 2010 2011 2012 2013 2014 2015 2016

Input Indicators 3 1 2 5 4 6 7 8 9
Output Indicators 9 8 7 6 5 4 2 3 1

3.3. The Coupling Coordination Degree

It was found that the coupling coordination level of high-quality development of
marine economy from 2010 to 2013 was of an excellent coordination level. In 2015 and
2008, they were of an intermediate coordination level and a primary coordination level,
respectively. The remaining years were at a good coordination level (Table 7).
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Table 7. The coupling coordination Degree and level of high-quality development of marine economy.

Year 2008 2009 2010 2011 2012 2013 2014 2015 2016

H 0.579 0.735 0.842 0.875 0.86 0.824 0.7 0.681 0.741
Level Primary Good Excellent Excellent Excellent Excellent Good Intermediate Good

3.4. Malmquist Index

The comprehensive score of the principal components of the input index was used as
input, and the comprehensive score of the principal components of the output index was
used as the output. Using input-orientated Malmquist DEA for calculation, the total factor
productivity and the decomposition of total factor productivity were analyzed according to
the distance function. Since the DEA model requires that its input and output values must
be positive values, this paper shifts all of the obtained principal component comprehensive
scores up by 1 unit at the same time to ensure that there are no negative values, and
then incorporates them into the DEA model for calculation. Finally, the Malmquist index
of the quality of marine economic development in Jiangsu Province from 2008 to 2016
was obtained (Figure 3). A value of M greater than 1 indicates that the quality of marine
economic development is continuously improving. A value of M lower than 1 indicates
that the quality of marine economic development is not continuously improving.
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Figure 3. Malmquist index.

Audit evaluation analysis was conducted from the perspective of total factor pro-
ductivity change index (Tfpch). It was found that the technical efficiency change index
(Effch), pure technical efficiency change index (Pech), and scale efficiency change index
(Sech) in each year were all 1, and the average annual growth was 0. It means that the pure
technical efficiency and scale efficiency had no effect on the growth of technical efficiency,
and the status of the three remained unchanged. The annual technological progress change
index (Techch) was consistent with the change trend of total factor productivity (Tfpch). It
indicated that the change index of total factor productivity was determined by the change
index of technological progress. Technological progress means that more output could be
obtained with less input, which has promoted the improvement of the quality of Jiangsu’s
marine economic development.

Audit evaluation and analysis was also conducted from the perspective of annual total
factor productivity change index. It was found that the total factor productivity change
index of the ratio was higher than 1 over 8 years, indicating that the quality of marine
economic development was improving, accounting for around 87.5%. Among them, the
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Tfpch in 2009/2008 was the highest, reaching 1.88, ranking first. The Tfpch in 2016/2015
was 1.687, ranking second. In 2011/2010, it was 1.372, ranking third. In 2013/2012, it was
1.243, ranking fourth. In 2014/2013, it was 1.174, ranking fifth. In 2010/2009, it was 1.154,
ranking sixth. In 2012/2011, it was 1.071, ranking seventh. Only the Tfpch in 2015/2014
was 0.764 < 1, which was in a state of negative growth.

Audit evaluation and analysis was also conducted from the perspective of the mean
value of the total factor productivity change index. It was found that the average value of
the technological progress change index and the total factor yield change index of marine
economic development from 2008 to 2016 was 1.251 > 1. This indicated that the quality of
marine economic development has continued to grow, with an average annual increase of
25.1%. Technical efficiency, pure technical efficiency, and scale efficiency were all 1, and
currently remain unchanged. Therefore, the increase in the change index of total factor
productivity has mainly been caused by the increase in the change index of technological
progress, and technical efficiency plays a role in promoting total factor growth. The trend
of technological progress index changes also indicated that Jiangsu’s marine development
efficiency level presents an intensive growth mode.

4. Discussion

The audit evaluation of the quality of marine economic development and the analysis
of driving factors is of great significance for improving the efficiency of marine economic
development, as well as promoting the rational development and utilization of the ocean. It
can provide a scientific basis for the formulation, optimization, and adjustment of marine re-
source development strategies, in addition to marine economic development planning [42].
It will help marine development and management departments to enhance risk control and
cost savings, and to improve the efficiency of marine economic management. It is helpful to
grasp and accurately understand the quality of marine economic development in a timely
manner, provide decision support for the high-quality development of the marine economy,
and promote rational marine and sustainable development.

The PCA is a method of reducing the dimension of data variables, which can reduce
multivariate variables into fewer partial variables without causing a large loss of informa-
tion. On the one hand, the original numerous indicators with a certain degree of correlation
are recombined into a small number of uncorrelated comprehensive indicators to replace
the original indicators, so that they can not only reflect the information represented by
the original variables to the greatest extent, but it also is guaranteed that the information
between the new indicators does not overlap. On the other hand, the evaluation results and
main influencing factors can also be drawn, and methods and approaches to improve and
enhance the level of marine economic development can also be proposed. The CCD model
can analyze the interaction relationship between the systems and the coordination status,
reflecting the degree of mutual dependence and restriction between the systems and the
relationship of coordinated development. The DEA model is a non-parametric statistical
estimation method that projects DMU onto the DEA front with the help of mathematical
linear programming, and evaluates their relative effectiveness by comparing the extent
to which DMU deviates from the DEA front [43]. Since the evaluation results of DEA
are sensitive to the selection of input and output variable indicators, it is not conducive
to taking into account more dimensions of input and output when the sample is limited.
Therefore, it is not appropriate to set too many indicators in the calculation of the indicator
system, and the principal component analysis method can be incorporated to eliminate the
variable indicators with some overlapping information in the evaluation indicator system.

This paper combined the PCA, CCD, and Malmquist models. It makes up for the
deficiency of the traditional evaluation method, and does not need to calculate the weight
of the evaluation index. It avoids the selection of key indicators and personal preferences
in traditional evaluation methods. Furthermore, according to the principal component
analysis of input and output variable indicators, the key influencing factors of marine
economic development can be fully considered. The selection of variable indicators can be
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further expanded, so that objective and real results can be given. The Malmquist index does
not need to give weights to the evaluation indicators, that is, it does not need to calculate
the indicator weights. It is mainly used to explore the efficiency dynamics between stages,
and to measure the dynamic trend of productivity through the distance function [44]. The
Malmquist index can be decomposed into Effch and Techch. Its economic implication is
to reflect changes in technical efficiency by comparing the distances of decision-making
units in different periods relative to the production frontier, that is, the ratio of the distance
between the actual output level in different periods and the respective optimal output level.
Techch reflects technological progress by comparing the movement of the production frontier
in different periods, that is, the ratio of the optimal output level of the same input in different
periods [45,46]. Effch is further decomposed into Pech and Sech, Effch. Thus, the Malmquist
exponent can be decomposed as: M = t f pch = e f f ch × techch = pech × sech × techch.
When M > 1, that is, from t to t + 1, Tfpch shows an increasing trend. When M < 1, that is,
from t to t + 1, Tfpch shows a downward trend. When M = 1, that is, from t to t + 1, Tfpch
is stable.

By comparing the Malmquist index, it can reflect the dynamic changes of the overall
efficiency in each year, and reveal the pros and cons of the quality of marine economic
development, according to the total factor productivity and composition decomposition of
marine economic development. The audit evaluated the total factor productivity level and
dynamic change trend of the quality of marine economic development in Jiangsu Province,
China, from 2008 to 2016. According to the respective importance of Effch, Techch, Pech, and
Sech, and the connection with Tfpch, the main reasons and development laws affecting the
development of marine economy were analyzed. Since the underlying data of the DEA
model cannot be negative, the principal components of the input and output variables were
scored. This paper calculated and compared the Malmquist exponents after shifting up by
1 unit and 0.7 units, respectively (Table 8). It was found that the two evaluation results of
the development of marine economy were essentially the same, with the same trend and
the same order in each year. In 2015/2014, both were less than 1, which was a negative
growth state of marine economic development. In each year, Effch, Pech, and Sech are equal
to 1, and remain unchanged. Techch is equal to Tfpch, that is, technological progress, and
changes have a decisive impact on total factor growth. Techch is equal to Tfpch, indicating
that Techch changes have a decisive impact on Tfpch growth. The changing trend of Techch
also marks that the development level of Jiangsu’s marine economy is moving towards an
intensive growth mode.

Table 8. Comparison of the Malmquist Index after translation of 1 unit and 0.7 unit.

Year

Tfpch

SortThe Comprehensive Score of Principal
Component Shifts Upward by 1 Unit

The Comprehensive Score of Principal
Component Shifts Upward by 0.7 Unit

2009/2008 1.88 4.465 1
2010/2009 1.154 1.21 6
2011/2010 1.372 1.629 3
2012/2011 1.071 1.015 7
2013/2012 1.243 1.296 4
2014/2013 1.174 1.211 5
2015/2014 0.764 0.705 8
2016/2015 1.687 3.355 2

Mean Value 1.251 1.549

Overall, there is much room for improvement in the quality and efficiency of marine
economic development in Jiangsu Province. It is necessary to continuously strengthen
technological innovation and introduction, promote the progress of technological efficiency
and pure technological efficiency, and ensure the utilization rate of technological investment.
It is also necessary to encourage innovative scientific research projects and projects, improve
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innovation capabilities, and achieve innovative achievements and technological progress, in
order to improve development efficiency and output quality on the basis of certain inputs,
and then promote the improvement of the total factor production level of marine economic
development in Jiangsu Province. This involves expanding the scale of development and
improving the scale efficiency change index by increasing the overall development scale
and optimizing the development structure, while increasing the scale efficiency.

5. Conclusions and Policy Recommendation

In this paper, the marine input index and marine output index were screened, re-
spectively, and an audit evaluation index system for the quality of marine economic
development was constructed. Using the combination of PCA and DEA models, the over-
lapping information was eliminated, and the Malmquist index was calculated based on the
results of the principal component score and the principal component contribution rate.
The quality audit evaluation and driving force analysis of marine economic development
were carried out, and optimization countermeasures and suggestions were put forward.

First, the development of the marine economy tends to be diversified, and the influence
of the main influencing factors on the development of the marine economy is gradually
decreasing. Among them, total industrial wastewater discharge, phytoplankton diversity
index, and wetland areas are the key driving factors of marine economic development
investment. The proportion of marine GDP in the overall GDP of coastal areas, the added
value of marine and related industries, and the number of marine-related employees are
the key drivers of marine economic development output.

Second, on the one hand, it was found that the coupling coordination level of high-
quality development of the marine economy from 2010 to 2013 was of an excellent coordina-
tion level. In 2015 and 2008, they were of an intermediate coordination level and a primary
coordination, level respectively. The remaining years were at a good coordination level. On
the other hand, it was found that the investment in marine economic development was
gradually optimized, and the output of marine economic development is increasing day by
day. This fully shows that the development of the marine economy is gradually showing
an intensive and benign development state with low input and high output.

Third, the overall average of the Malmquist index from 2008 to 2016 was 1.251 > 1. The
development of the marine economy is in a state of continuous growth, with an average
increase of 25.1%. Among them, Techch played a decisive role. Only 2015/2014 was in
a state of negative growth, and the other evaluation years were in a state of continuous
growth. The key way in which to promote the quality of marine economic development is
through the improvement of Tfpch. The marine management department should strengthen
the improvement of technical efficiency, adhere to the road of science and technology
intensification, and maintain the steady growth of technological progress and innovation,
thereby giving play to the promoting role of technical efficiency and technological progress
in improving the efficiency of marine economic development.

Fourth, due to the restrictive factors in the acquisition of marine economic data, it is
difficult to achieve a comprehensive evaluation index system for the high-quality develop-
ment of the marine economy. Therefore, it is particularly important to select and build a
comprehensive, systematic, scientific, and standardized marine high-quality development
evaluation index system. In future research, we need to carry out research on the theory,
method, and practice of marine economic development from different regional scales and
different perspectives. It is necessary to deeply explore the connotation, temporal and spa-
tial distribution, and dynamic evolution characteristics of a high-quality marine economy.
We need to continue to improve the relevant theoretical system and research framework
for the high-quality development of the marine economy systematically sorting out the
screening and reduction of index system, determining evaluation standards, calculating
index weight, selection of evaluation model, verifying evaluation results, analyzing key
influencing factors and obstacles, predicting future trends, analysis, and optimization paths,
among other important links.



Sustainability 2022, 14, 6822 13 of 15

Finally, the countermeasures and suggestions to promote the high-quality devel-
opment of China’s marine economy mainly include adhering to focusing on the whole
elements and process of marine economic development; adhering to innovation driven and
structural optimization, promoting the full utilization and effective allocation of marine
production factors, and improving the efficiency of resource utilization; adhering to the
overall planning and coordinated development of land and sea, promoting the integrated
utilization of land and sea resources, constantly improving the marine ecological envi-
ronment, and improving the quality of marine economic development; adhering to the
concept of modern marine economic development, improving basic service capacity, and
accelerating marine scientific and technological innovation; improving relevant safeguard
measures and innovating comprehensive management and operation mechanism; and
adhering to the concept of green development. We will improve the accounting of the gross
product of marine ecosystems, accelerate the construction of the marine environmental
protection systems, and strengthen the comprehensive prevention and control of marine
and land pollution, by improving the risk prevention and control system of major coastal
environmental risk sources and sensitive points, as well as marine environment monitoring,
monitoring, early warning, disaster prevention, and reduction system.
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