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Abstract: At present, the destruction of the marine ecological environment and the imbalance of
economic structure have put forward urgent requirements for the green development of the marine
economy. Based on the input and output data of China’s coastal provinces from 2006 to 2018, the RDM
(range directional model) direction distance function was used to measure the output bias technology
progress (OBTC) index of each region, and its influence on China’s marine economy green total factor
productivity (GTFP) was judged accordingly. Furthermore, the rationality of the current OBTC index
was studied. The results show that there is obvious output-biased technological progress in China’s
marine economy, and it has led to the improvement of the GTFP. Although most coastal areas still
tend to pursue the improvement of the total output value of the marine economy at the expense
of environmental damage, the green bias of China’s marine economy has improved significantly
since 2015, driven by relevant marine environmental protection policies. From the perspective of
different areas, the imbalance of regional development in the process of China’s marine economic
development is significant. The green bias of the marine economy is highest in the East China Sea area
and lowest in the Bohai rim area. However, the coordination between the development of the green
marine economy and environmental protection in the South China Sea area needs to be improved.

Keywords: marine economy; green development; the bias of technological progress; the direction
distance function; output

1. Introduction

In the past ten years, the growth rate of China’s marine economy has been higher than
that of the national economy in the same period, with the gross ocean product (GOP) at the
end of the 12th Five-Year Plan reaching 6466.9 billion yuan. China’s marine economy is
becoming more and more important in the national economy. However, at the same time,
a series of problems such as the destruction of marine ecological environment, the imbal-
ance of economic structures, and the expansion of spatial differences have emerged [1].
It shows an extensive development of “high energy consumption and low output” [2].
In this regard, the 2012 report of the 18th National Congress of the Communist Party of
China (hereinafter Report) proposed to improve the capacity of marine resources’ exploita-
tion and protect the ecological environment. The policy reflects the urgent need for green
development of the marine economy, which means that related industries are required
to adjust production in the direction of reducing environmental damage [3]. However,
the gap between the regions in green development is large, and coordination is insufficient,
which is not conducive to the steady development of the marine economy [4,5]. The key
to improving the equilibrium of green marine economic development between regions
lies in making clear the regions’ objective conditions and comparative advantages, and ac-
cordingly, formulating local development strategies, rationally allocating various factors of
production, and highlighting their own development priorities to promote the coordinated
development of the regions.
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The development of marine economy is inseparable from various inputs [6], and
the impact of inputs on outputs is two-sided. When the desirable output is obtained, it
inevitably results, in part, in an undesirable output, namely marine pollution [7]. It has led
to the loss of living marine resources and the deterioration of marine sites [8,9]. With the
depletion of marine resources and the increasing input of marine industry, the sustainable
growth of the marine economy is facing serious challenges, which put forward higher
demands on the efficiency of green output [10,11]. Improving the efficiency of green
output is to enhance the role of technological progress on desirable output and reduce
the proportion of undesirable output, which reflects the degree of green bias of marine
economic development. It can be seen that the bias of technological progress from the
output perspective is the main reason for the uneven degree of green bias, which has a very
important impact on the sustainable development of the marine economy.

At present, the research on the biased technological progress of China’s marine econ-
omy mainly has focused on the impact of capital, labor, and resources on marine economic
growth, that is, from the perspective of input, to analyze the sources of China’s uneven
marine economic development [12–14]. However, there is little research that explores
whether the current process of China’s marine economic development is in harmony with
the protection of the ecological environment from the perspective of output. Exploring the
green growth of marine economy from the output perspective can more intuitively reflect
the difference in the degree of green bias. Measuring the degree of green bias of the output
in different areas is conducive to the implementation of environmental protection measures
adapted to local conditions, which can improve the effective output efficiency, promote
interregional coordinated development, and promote the high-quality development of
China’s marine economy.

Since the 21st century, the connotation of sustainable development has been continuously
enriched [15–19], however, with the further depletion of land resources, the development
of the marine economy has become a new hot spot in global economic development [20–22].
Giving full play to the leading role of technological progress in the bias of green output,
reducing marine environmental pollution and enhancing the total output value of the ocean
are important requirements for the marine technological progress of the present sustainable
development goals. Exploring the degree of coordination between technological progress
and the bias of green output in the marine economy is the starting point of this paper. This
work makes the following main contributions to the existing literature by:

i. using the directional distance function based on RDM, the Chinese marine GTFP was
measured and decomposed to obtain the OBTC index of each coastal province from
2006 to 2018, to judge whether there is obvious output-biased technological progress
in the development process of China’s marine economy.

ii. analyzing the rationality of the current output-biased technological progress, and
judging whether the technological progress of each province in each year has promoted
the green output bias of China’s marine economy from the two dimensions of time
and space, and then identifying the non-efficient areas and providing guidance for
them to improve the input–output structure and optimize resource allocation.

2. Materials and Methods
2.1. Study Area

The total area of China’s four major seas is more than 4.7 million square kilometers,
spanning 32 longitudes of east to west and 44 latitudes from north to south. The mainland
coastline, from the Yalu River estuary in Liaoning province to Beilun Estuary in Guangxi,
has a total length of 18,000 km, ranking fourth in the world. In China, there are more than
6960 islands, large and small, with a total island area of nearly 80,000 square kilometers
and a total island coastline of about 14,000 km. Rich marine resources and good location
advantages are the superior basic conditions for the rapid development of the marine
economy [23].
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2.2. Methods
2.2.1. Nonparametric Methods Based on the DEA (Data Envelopment Analysis)

At present, the measurement method of biased technological progress is mainly
divided into the parameter method and non-parameter method. The former is mostly
based on pre-determined forms of production functions, estimating the alternative elas-
ticity between factors, and using them as a basis for analyzing the bias of technological
progress [24,25]. The latter is represented by the DEA method [26,27], which does not
require the designation of a special form of production function, avoiding the estimated
deviation due to pre-determined production functions. In addition, the parameter method
also needs input and output variable price data, but the pollutant price data collection
is difficult, and pricing by external influence is not necessarily reasonable. Therefore,
the strict measurement conditions of the parametric method make it difficult to achieve.
However, the nonparametric method only needs to set input and output variables, and the
measurement conditions are easy to satisfy [28]. In addition, unlike the parameter method,
the DEA model can solve the problem of multi-input and multi-output and has been used
in many fields [29–32]. In a word, the non-parametric method based on DEA was more
operable and suitable for this study.

Specifically, this paper used the DEA method to measure the green Malmquist-
Luenberger (ML) index and then used this index to represent the change in GTFP. Then,
referring to Fare’s approach [33], the GTFP index was broken down into two parts,
the technology change (TC) index and the technology efficiency change (EC) index, wherein
the former can be broken down into the input-biased technological progress (IBTC) index,
OBTC index, and technology scale change (MATC) index. Finally, based on the research of
Weber and Dominzlicky [34], the paper compared the OBTC index with the cross-period
change of output combination, to judge the output bias of marine technology; that is,
whether marine technology is biased towards reducing pollution emissions and provides
a basis for further discussion of the relationship between marine resources, environment,
and development in China.

2.2.2. The Direction Distance Function Based on the RDM

Traditional DEA models cannot process data sets that contain undesirable outputs,
i.e., pollution of the marine environment, as undesirable output makes it more difficult
to measure productivity growth. Therefore, to solve this problem, this paper refers to
the method of Portela et al. [35] and improved the direction distance function based on
RDM. This function can evaluate a data set containing undesirable outputs (e.g., marine
wastewater, marine exhaust gas, marine solid waste) with the advantages of unit invariance,
translational invariance, and the improvement of the invalid unit, with it being closer to the
effective frontier. In particular, the direction vector of RDM is the possible improvement of
the decision-making unit, which does not change the original undesirable output data, and
improves the authenticity and reliability of the efficiency estimation results [36].

In this paper, the marine production of each coastal province was regarded as the
decision-making unit, and the following definition was made: the decision-making unit
set is J = {1, · · · , n}, the input vector of the m marine production factors of the estimated
unit K is xij =

(
xt

1j, · · · , xt
mj

)
∈ R+, the output vector includes p desirable outputs and

q undesirable outputs ybv =
(

yt
b1 j, · · · , yt

bq j

)
∈ R+, p + q = s. gt =

(
gt

x, gt
y

)
is a set of

vectors that reflect the direction of change in input and output. RDM sets the combination
of minimum input and maximum output for the t-period as the ideal point IP, which
satisfies IPt

i = min
J

{
xt

ij

}
, i = 1, · · · , m for input xi, IPgu = max

J

{
yt

gu j

}
, u = 1, · · · , p for

output ygu , IPbv = min
J

{
yt

bv j

}
, v = 1, · · · , q for output ybv . The direction vector based on

the RDM can then be expressed as:(
gt

x, gt
y

)
=
(

Rt
x, Rt

yg ,−Rt
yb

)
=
(

Rt
x1

, · · · , Rt
xm , Rt

yg1
, · · · , Rt

ygp
,−Rt

yb1
, · · · ,−Rt

ybq

)
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where Rt
x = xt

i −min
j

{
xt

ij

}
, R̂t

yg = max
j

{
yt

gu j

}
− yt

gu , Rt
yb = yt

bv
−min

J

{
yt

bv j

}
. Thus, the RDM

directional distance function can be obtained as:
→
Dt
(

xt, yt
g, yt

b; Rt
x, Ryt

g
,−Ryt

b

)
= sup

{
β : xt − βRxt , yt

g + βRyt
g
, yt

b − βRyt
b

}
(1)

2.2.3. Measurement of the OBTC Index

When the input is given, the output distance function describes the characteristics of
the production technique by comparing the changes brought about by the expansion of
the maximum proportion of each output combination. Assuming that the output that
reflects technological changes may be set to pt(x) =

{(
yg, yb

)
: x can produce

(
yg, yb

)}
,

the RDM output distance function can be expressed as:
→
Dt

o

(
xt, yt

g, yt
b; Ryt

g
,−Ryt

b

)
= sup

{
β : yt

g + βRyt
g
∈ pt(x), yt

b − βRyt
b
∈ pt(x)

}
.

Then, the output technical efficiency value of the decision-making unit DMUk can be
obtained by solving the following linear planning problems that meet the constraints of
constant scale compensation:

→
Dt

o

(
xt, yt

g, yt
b; Ryt

g

)
= max

{
βk | Σn

j=1 zt
jx

t
ij ≤ xt

ik, i = 1, · · · , m

Σn
j=1 zt

jy
t
gw j ≥ yt

guk + βkRyt
guk

, u = 1, · · · , p

Σn
j=1 zt

jy
t
bv j ≤ yt

bvk − βkRyt
bv

, v = 1, · · · , q

Σn
j=1 zt

j = 1, zt
j ≥ 0

(2)

Then, using the methods of Chung et al. [37], based on the Malmquist index model, the
distance function containing undesirable output is considered to construct the ML index. At
a certain input, Dt

o

(
yt

g, yt
b, xt; Ryt

g
,−Ryt

b

)
and Dt+1

o

(
yt+1

g , yt+1
b , xt+1; Ryt

g
,−Ryt

b

)
represent

the direction distance functions of period t and period t + 1, respectively, when Rx = 0. The
ML index decomposition method is used to measure a series of indicators. The model is
as follows:

ML =

√√√√√Dt+1
i

(
yt+1

g , yt+1
b , xt+1; Ryt

g
,−Ryt

b

)
Dt+1

i

(
yt

g, yt
b, xt; Ryt

g
,−Ryt

b

) ×
Dt

i

(
yt+1

g , yt+1
b , xt+1; Ryt

g
,−Ryt

b

)
Dt

i

(
yt

g, yt
b, xt; Ryt

g
,−Ryt

b

) (3)

Decomposition then obtains:

ML = EC× TC =
Dt+1

i

(
yt+1

g , yt+1
b xt+1; Ryt

g
,−Ryt

b

)
Dt

i

(
yt

g, yt
b, xt; Ryt

g
,−Ryt

b

) ×

√√√√√ Dt
i

(
yt

g, yt
b, xt; Ryt

g
,−Ryt

b

)
Dt+1

i

(
yt

g, yt
b, xt; Ryt

g
,−Ryt

b

) × Dt
i

(
yt+1

g , yt+1
b , xt+1; Ryt

g
,−Ryt

b

)
Dt+1

i

(
yt+1

g , yt+1
b , xt+1; Ryt

g
,−Ryt

b

) (4)

Using the method of Fare et al. [34], the TC index is further decomposed to obtain the
neutral technology progress index and the biased technology progress index:

MATC =
Dt

i

(
yt

g, yt
b, xt; Ryt

g
,−Ryt

b

)
Dt+1

i

(
yt

g, yt
b, xt; Ryt

g
,−Ryt

b

) (5)

IBTC =

√√√√√Dt+1
i

(
yt

g, yt
b, xt; Ryt

g
,−Ryt

b

)
Dt

i

(
yt

g, yt
b, xt; Ryt

g
,−Ryt

b

) × Dt
i

(
yt

gyt
b, xt+1; Ryt

g
,−Ryt

b

)
Dt+1

i

(
yt

g, yt
b, xt+1; Ryt

g
,−Ryt

b

) (6)

OBTC =

√√√√√ Dt
i

(
yt+1

g , yt+1
b , xt+1; Ryt+1

g
,−Ryt+1

b

)
Dt+1

i

(
yt+1

g , yt+1
b , xt+1; Ryt+1

g
,−Ryt+1

b

) × Dt+1
i

(
yt

gyt
b, xt+1; Ryt

g
,−Ryt

b

)
Dt

i

(
yt

g, yt
b, xt+1; Ryt

g
,−Ryt

b

) (7)
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And TC = MATC × IBTC ×OBTC.
With constant returns to scale, Shephard’s input distance function is equal to the

reciprocal of output distance function [35], i.e.,

Dt
i

(
yt

g, yt
b, xt

)
= Dt

0

(
xt, yt

g, yt
b

)−1
(8)

An output oriented OBTC index is computed as follows:

OBTC =

√√√√√ Dt
0

(
xt+1, yt+1

g , yt+1
b ; Ryt+1

g
,−Ryt+1

b

)
Dt+1

o

(
xt+1, yt+1

g , yt+1
b ; Ryt+1

g
,−Ryt+1

b

) × Dt+1
o

(
xt+1, yt

g, yt
b; Ryt

g
,−Ryt

b

)
Dt

0

(
xt+1, yt

g, yt
b; Ryt

g
,−Ryt

b

) (9)

Among them, OBTC in the Formula (9) reflects the bias promotion effect of technologi-
cal progress on different outputs, that is, the calculation formula of the OBTC index in this
paper. When there is only one output, the value of the index is always 1 [38].

In the above formula, the ML, EC, TC, MATC, IBTC, and OBTC indices all represent
the rate of change between period t and t + 1. The change rate index is greater than (less
than) 1, indicating that the indicator is larger (decrease) than the previous period.

2.2.4. The Method of Judging Output Bias

Figure 1 shows the principle of identification of the output bias of technological
progress. In this paper, two output indicators (desirable output is the value added of
the marine industry and undesirable output is marine pollutant emission index) were
constructed in the model, represented by the letters yg, and yb respectively. In Figure 1,
P1(x) represents the production probability curve for period t1, and P2(x) represents the
outflow of the output probability curve for period t2, which is Hicks-neutral, given that
the marginal rate of transformation (MRT) of two outputs remains constant. Direction
vectors gt1 and gt2 indicate the direction in which output-biased technological progress
has contributed to the improvement of economic production (increase desirable output yg,
reduce undesired output yb) in two periods, respectively.

Figure 1. Changes in the possible set of production under the two-output model.
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If the MRT of yg to yb increases from period t1 to period t2, then the technological
progress in output will be biased towards production yg, which, in the Figure, can be
shown as P1(x) moving to P4(x). Similarly, from period t1 to period t2, the MRT of yg to yb
decreases, then, the technological progress of the output will be biased towards production
yb, shown in the Figure as P1(x) moving to P3(x).

The following is an example of how to judge the bias of a particular output. If point A
represents an inefficient combination of outputs in period t1, and points B and C intersect
with P1(x) and P4(x) by rays passing through points O and A, respectively, the output

direction distance function value is
→
D1

o(xt1, yt1
g ; gt1) = OB

OA . In period t2, it is assumed that
the output combination point is F and that the set of production possibilities becomes
P4(x), and points E and G intersect with P1(x) and P4(x) by rays passing through points O
and F, respectively. Point F is below the l1 curve, so the MRTgb (The ratio of desirable and

undesirable outputs across periods) is less than 1, i.e.,
yt+1

g

yt+1
b

<
yt

g

yt
b
. According to Formula (9),

the output distance function value is
→
D2

o

(
xt2, yt2

g ; gt2
)
= OG

OF . The values are substituted

for equations and OBTC=
√

OE/OF
OG/OF ×

OC/OA
OB/OA =

√
OE/OG
OB/OC > 1. When combined with the

P4(x) curve moving in the direction of fit yg, it can be concluded that when OBTC > 1 and
MRTgb < 1 (MRTbg > 1), with output-biased technological progress towards producing
yg. When combined with this law, this paper obtained the bias direction of technological
progress to different outputs by calculating the MRT and the OBTC value, which was
calculated by software.

When combining the cross-period changes of marine inputs and outputs with the corre-
sponding OBTC index, the specific bias determination rules of output-biased technological
progress in Table 1 were obtained, i.e., the basis for determining whether technological
progress is biased towards environmental protection (yg for value added of GOP, yb for
marine economic pollutant emissions):

Table 1. The method of judging output bias.

Output Mix OBTC > 1 OBTC = 1 OBTC < 1

yt+1
g

yt+1
b

<
yt

g

yt
b

yg neutrality yb

yt+1
g

yt+1
b

>
yt

g

yt
b

yb neutrality yg

2.3. Data Acquisition

The paper analyzed the panel data of 11 provinces along China’s coast from 2006 to
2018 (Figure 2). The data are mainly from the 2007–2019 China Marine Statistics Yearbook,
the China Statistical Yearbook, and the China Environmental Statistics Yearbook. The
missing data are supplemented by the interpolation method. Considering the resource
and environmental constraints in the marine economic system, this paper incorporated the
utilization of marine resources and their impact on the environment into the evaluation
system based on capital and labor inputs.
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Figure 2. Map of China’s coastal areas.

The specific indicators are as follows:

2.3.1. Input Indicator

(1) Capital.
In this paper, the marine economic capital stock was used as the capital input index.

The capital stock measures the total cost of construction and acquisition of fixed assets
related to production activities over a period. Referring to the research of Shan [39], this
paper used the perpetual inventory method to measure the fixed assets of 11 coastal areas.
As shown in Formula (10):

Ki,t = Ii,t/Pi,t + (1− δi,t)Ki,t−1 (10)

Ki,t and Ki,t−1 represent the capital stock in period t and t1 respectively, Ii,t indicates
the investment for the current year, expressed in terms of fixed asset completions, and Pi,t
represents the fixed asset investment price index for each province for the year. This paper
selected 2006 as the base period and drew on Xu’s treatment method [40] to determine the
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capital stock of the base period in each region as: Ki,2006 = Ii,2006/(δ2006 + giy), and giy to
the average annual growth rate of the i region for 2006–2018. δi,t represents the depreciation
rate of the total amount of fixed asset formation. Drawing on the practice of Shan [39], δi,t
takes the value of 10.96%. Finally, the capital stock data of coastal provinces were converted
into marine economic capital stock by reference to the research of He et al. [41]. The formula
is as follows:

Kitm = Kit ×
Yitm

Yit
(11)

Among them, Yit, Kit, Yitm , and Kitm represent the gross domestic product (GDP),
capital stock, GOP, and marine capital stock of coastal provinces, respectively.

(2) Labor.
In the Marine Economic Statistics Yearbook, after 2006, the number of sea-related

employees in coastal areas was used to reflect the amount of labor input, which has been
used until now, and the data is comparable. Therefore, with reference to the results of
national economic research, the paper selected this indicator to measure labor input and
records it as L.

(3) Resource.
Because the development of the marine economy is highly dependent on resource

endowment, the input of marine resources is very important to the development of marine
economy. Drawing on the practice of Zhao et al. [42], this paper selected the length of the
wharf, the number of coastal travel agencies, and the area of marine aquaculture. It was
then converted using the entropy method as a comprehensive indicator of resource input.
The calculation process for the composite indicators is as follows:

i. Non-quantitative processing of indicators. The original indicator data matrix is
Xij =

(
xij
)

m×n, wherein the Xij is the value of the regional i indicator j, the proportion
of this value is Xij = Xij/ ∑m

i=1 Xij. Therefore, the original matrix can be converted
into a scaleless matrix X′ij = (x′ij)m×n.

ii. Calculate the entropy value ej of indicator j: ej = − 1
ln m ∑m

i=1 X′ijlnxij, ej ≥ 0.
iii. Calculate the difference coefficient e′j of indicator j. Given the indicator j, the smaller

the difference between the X′ij of each sample, the greater the entropy value e′j,
the smaller the role of indicator j in the comprehensive evaluation. We define e′j = 1− ej,
So, the bigger the e′j, the more important the indicator j is in the comprehensive
evaluation.

iv. Calculate the objective weight of indicator j: wj = e′j/ ∑n
j=1 ej =

(
1− ej

)
/ ∑n

j=1
(
1− ej

)
.

v. Calculate the composite index of resource inputs h: h = ∑n
j=1 X′ijwj.

Through the above measurement steps, the weights of the length of the wharf, the
number of coastal travel agencies and the area of marine aquaculture in 2006–2018 were
0.219, 0.167, and 0.614 respectively, and the resource input index was obtained as the final
value according to the comprehensive weighting of this weight.

2.3.2. Output Indicator

(1) Desirable output.
The economic benefits brought by marine resources can well reflect the development

of the marine economy [43,44]. Therefore, the GOP was used as the desirable output of the
model. The regional GOP was converted to constant price levels on a 2006 basis [45].

(2) Undesirable output.
Marine economy is similar to the national economy, in that the production and oper-

ation process will also have a negative impact on the ecological environment. Therefore,
based on taking full account of the particularity and data accessibility of the marine econ-
omy, we followed the practice of Zang [46] and used the research results of Zeng [47]
to select marine wastewater, marine exhaust gas, and marine solid waste emissions as
environmental pollution indicators.
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Marine industrial pollution emissions were converted according to “(GOP/GDP) ×
industry pollution emissions”. Then, using the entropy method, the weights of total
marine wastewater discharge, total exhaust emission, and solid waste emission were 0.150,
0.127, and 0.723 respectively, according to which the three indicators of marine “three
waste” emissions were combined into a comprehensive index of marine environmental
pollution H [48]. This was used as an indicator of undesirable outputs. The larger the
indicator, the more serious the pollution of the marine environment. China’s coastal
environmental pollution index is shown in Figure 3:

Figure 3. Composite index of marine environmental pollution.

As can be seen from Figure 3, the pollution index H in 2006–2018 shows a small
range of fluctuations and an overall downward trend. Specifically, before 2008, the fluc-
tuation of marine environmental pollution index in coastal areas of China was relatively
obvious. At this stage, the marine economy has been constantly subjected to structural
adjustment, the development of which is relatively extensive. Between 2008 and 2013,
the comprehensive index H began to decline year by year. This is mainly due to the formu-
lation and implementation of the government’s policies on the regulation of the marine
environment, as well as the continuous promotion of marine environmental protection.
After 2013, the pollution index H showed a steady downward trend, which was due to the
implementation of policies, a positive effect of the previous policy on the environment that
was highlighted. The development of marine green production technology has made the
marine environmental protection stable and progressive during this period.

Combining the above factors, the GTFP was measured. Referring to the Classification
and Code of Coastal Administrative Areas (HY/T094-2006), the 11 coastal provinces are
divided into the areas of Bohai rim, the East China Sea, and the South China Sea. Among
them, the Bohai rim area includes Tianjin, Hebei, Liaoning, and Shandong. The area of East
China Sea includes Shanghai, Jiangsu, and Zhejiang. The area of South China Sea includes
Fujian, Guangdong, Guangxi, and Hainan.

Table 2 gives the basic characteristics of the input and output indicator data. The
ratio of the maximum and minimum capital input is 75.08, and the mean value of capital
input exceeds the median; the ratio of maximum to minimum labor input is about 11.05,
which is the smallest of several other inputs, and the standard deviation and median of
the three resource input indicators are very different. It can be seen that the difference
between provinces in capital input is large, material capital input shows path dependence,
and the capital stock of large provinces have absorbed and accumulated more capital,
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resulting in the phenomenon of factor aggregation; in recent years, the mobility of the
labor force between provinces is large, the distribution of labor input between provinces is
relatively small, but there is still a certain gap between the quality and skill level of the labor
force in different provinces; the marine economic development of each province is highly
dependent on resources, but the distribution is more scattered. From the output point of
view, the maximum desirable output is close to 40 times the minimum value, the scale and
speed of inter-provincial marine economic growth are very different, and the maximum
desirable output is also dozens of times the minimum, reflecting that the marine economic
development of many provinces is at the expense of the environment, and China’s marine
environmental efficiency still needs to be improved.

Table 2. Descriptive statistics for the main indicators.

Indicator Variable Units Mean Std. Dev Median Min Max Number of
Samples

Desirable
output GOP RMB

100 million 3644.188 232.584 2936.054 300.700 12,026.370 143

Resource
input

Number of
travel agencies
in coastal areas

1141.350 54.585 1116 147 2872 143

Pier length m 57,312.350 3496.883 48426 5355 176,208 143
Area of use in the sea hectares 23,634.275 3038.834 6150 12.800 173,633.800 143

Labor input Number of people
involved in the sea ten thousand 309.9302 17.8635 209.8000 81.5000 900.5944 143

Capital
investment Marine capital stock RMB

100 million 9480.742 613.359 8297.697 475.508 35,703.378 143

Undesirable
output

Marine wastewater tons 16,263.927 945.964 13,075.339 1090.931 43,807.600 143

Marine exhaust gas 100 million
cubic meters 3764.741 211.642 3639.371 254.560 14,402.058 143

Marine solid waste tons 0.359 0.069 0.019 0 5.232 143

3. Results
3.1. Dynamic Evolution of GTFP and Decomposition Components

Based on input and output data for China’s coastal areas from 2006 to 2018, the ML
index, reflecting the changes of GTFP in each province, was calculated by MAXDEA
software, and the ML index was broken down into the TC index and EC index. The trend
over the same period for each index is shown in Figure 4. It is not difficult to see that the
overall ocean GTFP is in a state of steady growth. The TC index is more in line with the
ML index for each year, while the EC index is close to one in most years, indicating that
technological progress in marine development has a stable effect on the growth of ocean
GTFP, while the change of technical efficiency has no significant effect on GTFP.

The TC index can be further broken down into IBTC, OBTC, and MATC indices. The
MATC index is less than the TC index in each year, indicating that the efficiency of the
technology scale has not played a positive role in technological progress, possibly because
the imbalance of the development of marine industry limits the efficiency of the technology
scale. When compared with the IBTC index, the curve trend of the OBTC index is highly
compatible with the TC curve, indicating that technological progress is not neutral, and
that output bias is closely related to the change of technological progress.

Figure 5 shows more clearly the movement of the OBTC index and the ML index over
the same period. The OBTC index and the ML index have a certain consistency of the
trend of change, indicating that the output-biased technological progress has a significant
impact on the ocean GTFP. The two indices fluctuated significantly between 2008 and
2012. However, 2012 was a turning point, since after a short period of small fluctuations,
the two indices improved after 2013 and the volatility trend was more stable. From the
perspective of the size of the index, there is still a lot of room for progress in the adaptive
and technological diffusion of China’s marine economic development.
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Figure 4. The average annual trend of GTFP and its decomposition indices.

Figure 5. Trends in the OBTC and ML indices.

3.2. Regional Distribution of the Marine Green OBTC Index

Figure 6 reflects the OBTC index and trends in the three regions around 2012. It can be
seen that after 2012, the OBTC index of the Bohai rim area had increased, while the OBTC
index of the East China Sea area and the South China Sea area had decreased slightly, but
the value of the OBTC Index in most regions is greater than one, which shows that the
closely introduced marine environmental protection policy effectively corrects the negative
externalities of marine production, constrains the relevant practitioners to carry out green
production, technological innovation, and industrial restructuring, and forms a win–win
situation of ecological and economic common development. Among them, the OBTC index
of the East China Sea area is higher than that of the Bohai rim area and the South China Sea
area. It is basically in line with the current situation of marine economic development in
various regions. In contrast, the OBTC index in the South China Sea area is the lowest.
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Figure 6. Changes in the OBTC index for different regions over time periods.

Table 3 shows the cumulative changes in the Marine Economic ML index and OBTC
index in different coastal provinces of China from 2006 to 2018, represented by their
respective averages. During the sample period, the ML and OBTC indices were consistently
between [0.9368, 1.2017] and were generally stable. On average, in coastal areas, the ML
and OBTC indices grew steadily at 2.19% and 2.04%, respectively, reflecting the fact that
the output bias of current technological progress has overall supported the growth of the
marine economy. Six of the nine provinces have an ML index greater than one, indicating
that the ocean GTFP is on the rise in most areas.

Table 3. ML and OBTC indices for each province.

Region Province ML OBTC

Bohai rim area

Tianjin 1.0802 1.0156
Hebei 0.9940 1.0076

Liaoning 1.0513 1.0020
Shandong 0.9368 0.9364

East China Sea area
Shanghai 1.1943 1.2017
Jiangsu 1.0106 1.0025

Zhejiang 1.0085 1.0006

South China Sea area

Fujian 1.0030 1.0044
Guangdong 0.9871 1.0105

Guangxi 0.9803 1.0086
Hainan 0.9948 1.0345

Average for coastal areas 1.0219 1.02039

Judging from the index vibration range, the imbalance in the development of the
regional marine economy is significant. The Shandong ML and OBTC indices fell the most,
by an average of about 6.32 and 6.36% per year, indicating that the OBTC in Shandong has
not played a significant economic promotion role. In addition, Hebei, Guangdong, Guangxi,
and Hainan also saw small declines. However, the ML and OBTC indices in Shanghai rose
the most. They grew at a rate of about 19.43 and 20.17% per year, respectively. Both are
at the highest level in the coastal areas. This was followed by Tianjin and Liaoning. In
addition, Jiangsu, Zhejiang, and Fujian provinces have seen small increases, indicating that
these provinces can still achieve efficient green marine growth through rational adjustment
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of pollution control, while achieving a steady annual growth rate of 5.8%. From these data,
it is also sufficient to see that the OBTC and GTFP changes have a certain consistency.

3.3. Analysis of Specific Output Biases for Technological Progress

The measurement of the OBTC index reflects the existence of output-biased technolog-
ical progress, and whether the OBTC index has contributed to the growth of GTFP. Next,
this paper further analyzed the rationality of the existing bias, that is, to determine whether
China’s marine technology is biased towards reducing marine environmental pollution and
whether marine development conforms to the concept of green environmental protection.
Based on the output bias judgment method proposed in Section 2.2.4, we calculated the
intertemporal ratio of the expected output indicator to the undesirable output indicator.
Next, we combined it with the OBTC index to identify the output bias of marine technology
progress in each province, in each year, and analyzed its change law.

Figure 7 shows the trend in the number of provinces where marine technology is
biased towards reducing marine waste in 2006–2018, which reflects the degree of green bias
in marine economic development over the years. During the study period, the number of
provinces whose marine output was biased towards reducing pollutant emissions increased.
Around 2008 and 2013, the degree of green bias in marine economic development was
under market and policy pressures, respectively. The former was negatively affected by the
macro economic crisis, while the latter was due to 2012 as an inflection point, and the Report
stressed the construction policy of the maritime power strategy in a short period of time
after the implementation of the policy to balance the use of resources and the ecological
environment protections, hence the marine environment appears as short-term fluctuations.
Since then, however, the degree of marine green bias has increased significantly since 2014,
reflecting the vulnerability and sensitivity of the marine environment.

Figure 7. Number of provinces in which OBTC trends towards reducing pollutant emissions in each
year.

Table 4 shows changes in output bias for 2006–2018. As can be seen, 8 of the 12 time
periods were biased towards increased marine pollution and only four were biased towards
increased desirable output.
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Table 4. Output bias over time.

Year OBTC MRTbg Bias

2006–2007 1.0741 0.8088 Yb
2007–2008 1.0515 0.8596 Yb
2008–2009 1.0069 0.8915 Yb
2009–2010 1.1178 0.8625 Yb
2010–2011 0.9491 0.9901 Yg
2011–2012 0.9994 0.8627 Yg
2012–2013 0.9900 0.9098 Yg
2013–2014 1.0038 0.8976 Yb
2014–2015 1.0525 0.9517 Yb
2015–2016 1.0047 0.7971 Yb
2016–2017 1.0370 0.9708 Yb
2017–2018 0.9578 0.9659 Yg

Table 5 provides a visual indication of the bias of output-biased technological progress
in different regions towards different outputs, with data showing the average of the
indices divided over a three-year period in each coastal province. It can be seen from
the data comparison that overall output-biased technological progress tends to increase
environmental pollution rather than increase desirable output. However, there has been a
marked increase in green bias nationwide in 2015–2018, which is consistent with the time
trend characteristics of output bias. Specific to the provinces, it can be found that in recent
years, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan
have paid more attention to the improvement of the quality of the marine environment.
In contrast, Tianjin, Hebei, and Guangxi have been more inclined to increase total factor
productivity and boost marine economic growth by emitting more pollutants. From the
perspective of time, the output bias after 2012 is driven in the direction of Yg.

Table 5. Regional output bias.

2006–2009 2009–2012 2012–2015 2015–2018

OBTC MRTbg Bias OBTC MRTbg Bias OBTC MRTbg Bias OBTC MRTbg Bias

Tianjin 1.0059 0.8079 Yb 1.0267 0.9885 Yb 1.0081 0.9020 Yb 1.0215 0.9855 Yb
Hebei 1.0091 0.8143 Yb 1.0212 0.6070 Yb 1.0002 0.9857 Yb 1.0001 0.9313 Yb

Liaoning 0.9964 0.5983 Yg 1.0113 1.2654 Yg 1.0002 0.9415 Yb 0.9999 0.6181 Yg
Shanghai 1.2971 0.7471 Yb 1.3588 1.0597 Yg 1.1916 0.8679 Yb 0.9592 0.8785 Yg
Jiangsu 1.0032 0.9603 Yb 1.0032 0.9651 Yb 1.0094 0.9153 Yb 0.9941 0.8435 Yg

Zhejiang 0.9974 0.8553 Yg 1.0018 0.8672 Yb 1.0034 0.8726 Yb 0.9999 0.8799 Yg
Fujian 1.0002 0.9090 Yb 1.0054 0.7197 Yb 1.0102 0.9334 Yb 1.0016 1.1875 Yg

Shandong 1.0150 0.9765 Yb 0.7346 0.9567 Yg 0.9963 0.9869 Yg 0.9996 0.9253 Yg
Guangdong 1.0791 0.9579 Yb 0.9958 0.7444 Yg 0.9767 0.8687 Yg 0.9903 0.9065 Yg

Guangxi 1.0000 0.7819 Yg 1.0073 0.6040 Yb 1.0001 0.8048 Yb 1.0270 0.8642 Yb
Hainan 1.0829 0.9775 Yb 1.0771 1.1786 Yg 0.9733 1.0380 Yb 1.0046 1.0039 Yg

All 1.0442 0.8533 Yb 1.0221 0.9051 Yb 1.0154 0.9197 Yb 0.9998 0.9113 Yg

Table 6 shows the proportion of provinces in various regions that have been biased
towards reducing marine pollutant emissions as a percentage of the total number of
provinces in the region. Between 2006 and 2018, technological progress in most provinces
of the East China Sea area and the South China Sea area tended to reduce pollutant
emissions, while the Bohai rim area tended to increase the total output value. After 2012,
the degree of green bias in various regions has improved significantly.
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Table 6. Percentage of provinces in different regions where technological progress tends to the
reduction of undesirable output over time.

Region
Percentage of Provinces in Each Region over the Period
Where OBTC Tend to Reduce Pollutant Emissions (%)

2006–2018 2006–2012 2012–2018

Bohai rim area 41.67 37.5 45.83
East China Sea area 63.88 61.11 66.67

South China Sea area 54.17 45.83 62.5

Specifically, the green bias of the marine economy in the East China Sea area is the
highest, and the OBTC index is also the highest. In contrast, the green bias degree and
OBTC index of the Bohai rim area are the lowest, but in recent years, its ML index, OBTC
index, and green bias degree rose step by step. However, the area of South China Sea’s
green bias increased significantly in 2012–2018, while its OBTC index declined during
that period.

4. Discussion
4.1. Analysis of the Existence and Trend of Output-Biased Technological Progress

From the dynamic evolution and regional differences of the OBTC index, there is
obvious output-biased technological progress in the development process of China’s marine
economy, and its change trend is highly consistent with GTFP, indicating that the changes
between the two have a strong correlation.

As far as the time change of OBTC index is concerned, 2008 was negatively affected
by the macro economy, resulting in a decline in the efficiency of the marine economy, and
in the early stage of the development of the marine economy, resource constraints and
environmental pollution also caused a certain degree of efficiency loss. However, in the
Report of 2012, the requirements for marine ecological protection were clearly emphasized,
and since then, the national governments at all levels have formulated corresponding
policies in response to the national strategy, but the marine economic development has
a certain period of adaptation to the implementation of the policy. Subsequently, the
two indices stabilized, reflecting that the marine macro policy can improve the marine
environment and stabilize the marine economic development.

From the perspective of the regional differences of the OBTC index, the index is from
high to low in the East China Sea, the Bohai rim, and the South China Sea area. The reason
for this is that the East China Sea area has sufficient funds and human resources into
marine science and technology and production, which is conducive to the improvement
of the marine economy. As far as the area of South China Sea is concerned, although the
marine economy of Guangdong and Fujian is relatively developed, the marine economy of
Guangxi and Hainan is not very good. Without sufficient funds and human resources, the
innovation capacity of marine science and technology is relatively low, and the effectiveness
of marine economic technology is low.

Specifically, from each province, the impact of the OBTC index on the development
of the marine economy varies from region to region. Among them, the higher indices of
Shanghai are related to its strong capital and higher-level talent pool, while the decline
of Shandong’s indices are large. Perhaps, due to the diminishing marginal return of
marine scientific and technological output and the low effective conversion rate of related
achievements, the promotion effect on GTFP is not fully reflected.

4.2. The Role of Technological Progress in Promoting the Bias of Green Output

Judging from the time fluctuation trend of green output bias, in the process of reducing
marine pollution, there is constant pressure from the production model of sacrificing the
environment in exchange for the increase in marine GDP, but the marine environmental pro-
tection policies generally guarantee the green development of the ocean. When combining
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it with the output bias of Table 4, although the degree of marine green bias has increased
significantly in recent years, the marine environmental protection in the coastal provinces
is still relatively weak, and the overall trend is still biased towards more extensive growth.

From the perspective of regional differences, the degree of green output bias of tech-
nological progress in coastal provinces is obviously different. Among them, Guangxi’s
OBTC and MRTbg indices have a large gap in each period, which is because Guangxi has
undertaken many industrial transfers, with serious pollution and high emissions. The
low level of marine industrial structure, the high energy consumption of economic output,
and the extensive development mode [49] have led to a weak foundation of the province
and a lower marine economic output value than the national average, which ultimately
aggravates the contradiction between Guangxi’s marine economic development and the
improvement of marine environmental quality.

When combining the dynamic data of different periods with the realistic background,
the 2012 Report put forward new requirements for marine economic development, and local
governments have formulated corresponding policies in response to national strategies.
Since the formulation and implementation of policies often have a certain lag [50], after a
short-term policy adjustment, in recent years, as well as the continuous progress, diffusion
and innovation of modern technological levels, the marine economy has developed in
the direction of increasing the desired output and reducing pollution emissions, and the
national marine environmental governance policy has achieved results.

Judging from the changes in the proportion of provinces in various areas to reduce
pollutant emissions, China’s coastal areas have achieved certain results in rationally uti-
lizing marine resources and controlling pollution emissions. Overall, however, there is
still much room for improvement in the number of provinces in various regions that are
biased towards protecting the environment. Among them, the degree of green output bias
from high to low is the East China Sea, the South China Sea, and the Bohai rim area, but
the Bohai rim area has risen significantly in recent years. It shows that the East China Sea
region has effectively coordinated the relationship between the growth of marine economic
output value and environmental protection, while the coordination of the two in the South
China Sea region needs to be strengthened. However, in the early stage of the development
of the marine economy, the Bohai rim area has paid too much attention to the improvement
of the total marine output value and ignored the protection of the marine environment, but
the increase in their green bias of its output in the later period gradually played a leading
role in its economic growth, and the overall environmental protection measures in the
region still need to be further strengthened.

In summary, this paper discusses the dynamic link between technological progress
and the bias of green output in China’s marine economy. In the follow-up study, we will
further conduct a detailed quantitative analysis of the degree of green bias, and analyze
the factors that affect the green output bias of marine technology progress, to make more
targeted suggestions for the green development of the marine economy.

5. Conclusions

The novelty of this study is that the green development of the marine economy was
discussed from the perspective of output, and the OBTC index of each region in each year
was calculated to determine whether there is a significant output-biased technological
progress in the development of China’s marine economy. Furthermore, we studied the
rationality of the current output-biased technological progress, intuitively reflected the
differences in the degree of green bias in coastal areas, and discussed whether technological
progress has promoted the green output bias of the marine economy, that is, to determine
whether China’s marine economy has developed in the direction of increasing the desirable
output and reducing the undesirable output.

The results show that there is obvious output-biased technological progress in China’s
marine economy, and this output-biased technological progress has led to the improvement
of GTFP. During the sample period, although most of China’s coastal areas in general
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still tend to pursue the improvement of the total output value of the marine economy
at the expense of the environment, the green bias has improved significantly after 2015,
driven by the active policies of the relevant marine environment protection. It shows that
technological progress has increased the bias of green output in the marine economy. From
the perspective of different areas, the imbalance in the development of the regional marine
economy is significant. The East China Sea area has the highest green bias, while the Bohai
rim area has the lowest. However, the coordination between the development of the green
marine economy and environmental protection in the South China Sea area needs to be
improved.

To achieve sustainable development of the marine economy, coastal areas should
control undesirable output as much as possible. Overall, all regions should try to avoid
the negative externalities caused by environmental pollution and improve the level of
green output. In view of the different areas, relevant departments should formulate differ-
entiated management policies according to the specific situation in each region. Among
them, we should pay attention to the environmental protection of the Bohai rim area,
the comprehensive strength of green marine development in the South China Sea area, and
the efficiency of green marine output in the East China Sea area. In this way, it will promote
the coordinated development of the interregional marine economy.
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