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Technological progress bias and
its impact on resource efficiency
in China’s mariculture industry
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Technological progress (TC) is an important driving force of resource efficiency,
and its bias has an important impact on resource efficiency. Based on the data of
China’s mariculture industry from 2008 to 2020, this paper constructs a double-
layer nested CES production function, and uses the seemingly unrelated
regression method to estimate the elasticity of substitution between resource
elements and non-resource elements of mariculture industry, and measures the
level of resource biased technological progress (RBTC). On this basis, the vector
autoregressive model is used to explore the relationship between RBTC,
resource price and resource efficiency. The results show that: Firstly, there is
complementarity between the resource elements of China’s mariculture industry
and the non-resource elements aggregated by labor and capital. Secondly, there
is a long-term equilibrium relationship between resource biased technological
progress, resource price and resource efficiency. resource biased technological
progress has a short-term negative and long-term positive impact on resource
efficiency, and resource price has a short-term negative and long-term positive
impact on resource efficiency. Based on this, this paper puts forward relevant
policy recommendations to promote the improvement of resource efficiency
of mariculture.

KEYWORDS

resource biased technological progress, resource efficiency, elasticity of substitution,
mariculture, CES

1 Introduction

Resources are an indispensable factor in human production and life, and play an important
role in economic development. In the development of mariculture, marine resources play an
important role. As an important material carrier for the development of mariculture, marine
resources provide a suitable space environment for the growth of mariculture organisms.
However, under the background of the rapid development of mariculture, the utilization of
marine resources has been close to saturation. According to the data of China Fishery Statistical
Yearbook, the increase rate of mariculture area decreased from 17.759% in 2009 to 0.169% in

2020, and the room for mariculture area expansion is limited. With the marine resources that
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can be exploited and utilized being gradually reduced, the production
activities of mariculture will be limited, and the development scale of
mariculture will also be hindered. In addition, the increasingly scarce
marine resources will cause mariculture practitioners to compete for
the marine area, making the marine resources competition intensified,
which will lead to resources over-use and environmental deterioration,
posing challenges to the sustainability of mariculture industry.
Therefore, how to improve the utilization efficiency of marine
resources is one of the urgent problems that need to be solved in the
development of the current mariculture industry. For this, this research
adopts a double nested CES production function to conduct an in-
depth study on the RBTC of mariculture, which is of great significance
for coastal areas to improve the efficiency of the utilization of marine
resources and promote the development of mariculture.

This paper mainly reviews the existing research from the
perspective of biased technological progress (BTC) and resource
efficiency. Regarding the technological progress bias, scholars have
confirmed that technological progress helps to improve the efficiency of
factor utilization and reduce resource consumption, which is the main
driving force for industrial development (Chen et al., 2019; Li et al,
2020). Moreover, more and more scholars have noticed the important
impact of the technological progress bias on the sustainable
development of the industry (Li and Sun, 2020; Liang et al., 20205
Wei et al., 2019). In the field of mariculture, the research on the BTC is
still in the exploratory stage. Ren (2021) constructed a transcendental
logarithmic production function model to measure the BTC, and found
that in mariculture industry the degree of bias in the use of labor factors
for technological progress gradually decreased. Sun and Ji (2021)
applied data envelopment analysis model to discern the bias of the
mariculture industry between capital, labor and sea area factors, and
developed factor endowment indicators to explore the desirability of
the input bias. Ji et al. (2022) studied the bias of mariculture between
desired and undesired outputs from the output perspective and
analyzed the time-series characteristics and regional differences in
output bias. There are abundant studies on the efficiency of
mariculture, which can be divided into two categories based on
different research methods. One is the efficiency study based on the
stochastic frontier method. Kularatne et al. (2019) estimated the
breeding efficiency based on the data of fish breeding in Sri Lanka,
and found that the average efficiency was only 0.33. Rahman et al.
(2020) took Bangladesh as the research object to measure the total
factor productivity (TFP) of shrimp-carp-rice joint breeding, and found
that the TFP increased at an annual rate of 0.86%. Thriveni et al. (2022)
measured the efficiency of shrimp farming in India and found that the
average efficiency was 0.93, which was at a high level. The other is the
efficiency research based on DEA method. Long et al. (2020) calculated
the efficiency of intensive white leg shrimp farming in Vietnam. The
results showed that the cost and technical efficiency after deviation
correction were 0.533 and 0.723, respectively. There is a large room for
improvement in farming efficiency. Aung et al. (2021) measured the

Abbreviations: TC, Technological progress; RBTC, Resource biased
technological progress; BTC, Biased technological progress; TFP, Total

factor productivity.
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efficiency of small-scale aquaculture in Myanmar, and the efficiency of
most households was 45-60% below the production boundary. Yu et al.
(2020) measured the efficiency of China ‘s mariculture industry based
on the super-efficiency SBM model and GML index, and found that
from 2004 to 2016, China’s mariculture efficiency increased by 6.45%.
Wang et al. (2024) further studied the spatial imbalance of mariculture
efficiency and found that compared with high mariculture efficiency
areas and low mariculture efficiency areas, the spatial imbalance of
medium efficiency areas is greater. Dong et al. (2023) used the SBM
model to measure the efficiency and found that the average eco-
economic efficiency of mariculture in China is above 0.8, and the
convergence analysis results verify that the difference in eco-economic
efficiency of mariculture is significantly narrowing. Ren and Xu (2024)
also used the SBM model to measure the efficiency and found that the
average ecological efficiency of the mariculture industry was 0.586, and
the efficiency improvement space was 41.4%. At present, there are
relatively few studies on the impact of technological progress bias on
resource efficiency. According to the theory of technological progress
bias, technological progress bias will affect the marginal output of unit
input factors, so that the production efficiency will change when the
input factors remain unchanged, that is, technological progress bias can
affect resource efficiency (Hicks, 1932). Fan et al. (2020) studied the
impact of different forms of technological progress on production
efficiency based on data envelopment analysis. The results show that
capital-embodied technological progress can promote production
efficiency more than neutral technological progress.

Currently, there is little literature measuring the level of
resource biased technological progress and its growth rate in the
mariculture industry, and there is also a lack of quantitative studies
on the relationship between RBTC and resource efficiency. This
paper expands on the basis of existing research, and the main
contributions can be summarized into two aspects. Firstly, the
introduction of sea area resources into the research framework of
mariculture enriches the research on the bias of technological
progress in mariculture. Most of the existing literature on
technological progress bias only includes capital and labor, and
few literature considers resource factors. This paper introduces the
production factor of resources into the production function,
transforms the measurement of biased technological progress
from two-factor conditions to three-factor conditions, and
analyzes the elasticity of substitution between factors and resource
biased technological progress from the time dimension and regional
dimension. Secondly, based on the discussion of the elasticity of
substitution among various elements in the traditional theory of
technological progress bias, this paper combines resource biased
technological progress with the improvement of resource efficiency.
Based on the measurement of resource biased technological
progress, this paper attempts to conduct a detailed study on the
equilibrium relationship between this technological progress bias
and resource efficiency, so as to provide a basis for improving the
resource efficiency of mariculture.

The structure of this paper is as follows. The second part is the
research methodology. The third part is the empirical results. The
fourth part is the analysis of the impact of resource biased
technological progress on resource efficiency. The fifth part is the
conclusions and policy recommendations.
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2 Research methodology

2.1 Production function

The research on the BTC in mariculture mainly involves three
factors: labor, capital and resources. This paper fits labor and
resource factors into non-resource factors and uses Cobb-Douglas
production function to represent them. The CES production
function is used between the non-resource elements represented
by ¢ labor-capital ‘ and the resource elements.

Referring to the research of Liao and Ren (2020) and Hassler
et al. (2021), the double nested CES production function is
represented as follows.

Y= {1 - DAKILET? + yATR]T | (1)

In the expression, Y, is total output, K; is capital inputs, L, is
labor inputs, A,is capital-labor-enhancing technological progress,
R, is resource inputs, AR is resource biased technological progress, €
denotes the elasticity of substitution of capital-labor for resources,
and o is the share of capital income as a proportion of the joint
share of labor and capital.

The following can be obtained by assuming that factor markets
are perfectly competitive, that is, the marginal output of a factor is
equal to its real price.

Y, L AKOLO)T
Lsharezitit: 1- 1- tihe Lt 2
L | o)
share __ a9 Y Rt _ ARRt % (3)
COTARY, YTy,

From Equations 2, 3, the level of technological progress for the
two categories is as follows.

£

AL _ Yt L;hure 1 (4)
"KL [(1-o)(1-7)
Y Rshme =
A :ﬂ f } 5)
LY

As can be seen from the above equations, the level of TC in the
two categories can be found by setting the values of o0, €, 7y and
utilizing the data Y;, K,. L;. Ry Lhare and R, For the
value of v, this research refers to Hassler et al. (2012), assuming
¥ = 0.05.

2.2 Estimation of elasticity of substitution

From Equations 4, 5, it can be observed that the prerequisite for
studying the level of technological progress of factors is to estimate
the elasticity of substitution between them.

Given the level of TC satisfies the following conditions.

a-a.,=6"+o (6)
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ai —aiy = 6" + @) (7)

If a, = log(A,), af = log(AR), @ ~ N(0,X), @} ~ N(0,X)
Then from Equations 4, 5, the following can be deduced.

At Yt KtalLl o Lshare = 1
A = Kopl-a Y, Lshare (8)
t-1 t t-1 t—1
Af _ E R,,l R.[share 1 (9)
AR R Y. |Rwe

The logarithm of Equations 8, 9 is taken and substituted into
Equations 6, 7. The following equations are obtained.

lo Vi - lo Vi
B\kerre) ~ 8 \KE Ly

_ eA [logLshme IOgLSham} + w;é (10)
Y, Y,
lo -lo H)
g( ) (RH
_ R _ € share share R
=0 1 [logR, - logR}"{ } + o, (11)

Let s = log<K,1Lla) 10g<KaLla>) =10g(%)—10g<zﬁ—j>’

=17t
Z? — 1OgL§hare _ logthLIre) ZR = IOnghare logRshare
So Equations 10, 11 can be abbreviated as follows.

€
st :eA—s—lz{‘+m{‘ (12)

—QR -

€
: 2+ of (13)
For Equations 12, 13, the value of the elasticity € can be
estimated by seemingly uncorrelated regression.
The value of o can be obtained by the following equations.

AY, L AKOLIT
Lshare: Sl A 1- 1— t 14
i ALY, 1-a)(1-7) 71@ (14)
Y, K, AKELIT
Kshare: tit:al_ N Lt 15
‘ IK, Y, 1-7 Ty, (15)
Then % =12 can be obtained.

2.3 Description of data and variables

This paper takes the data of mariculture industry in ten coastal
areas from 2008 to 2020 as the research sample. Based on the
availability of data, it does not consider Shanghai, Hong Kong,
Macao and Taiwan. The relevant data mainly come from China
Fishery Statistical Yearbook, China Statistical Yearbook, China
Rural Statistical Yearbook and China Fixed Asset Investment
Statistical Yearbook. The specific indicators are as follows.
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Output (Y): This paper uses the output value of mariculture in
coastal areas to measure output, and uses the regional GDP index to
deflate to obtain the actual output value of mariculture.

Labor (L): This paper selects the number of employees in the
marine aquaculture industry to measure the labor input of the
marine aquaculture industry. Regarding labor prices, the per capita
net income of fishermen is approximately used as the wage level of
mariculture practitioners. For the labor income share, this paper uses
the product of the number of workers and the labor price to calculate.

Capital (K): the capital stock of mariculture industry is
estimated by perpetual inventory method (Ji et al., 2022). On the
capital price, using the method of Doraszelski and Jaumandreu
(2014), capital price = investment price index * (loan interest rate +
depreciation rate-inflation rate), in which the investment price
index, loan interest rate, depreciation rate and inflation rate are
replaced by the price index of agricultural means of production, the
loan interest rate of 3-5 years, the depreciation rate of fixed assets
and the change rate of consumer price index respectively. For the
capital income share, this paper uses the product of capital stock
and capital price to calculate.

Resources (R): This paper selects the area of marine aquaculture
to measure the input of marine resources. Regarding the price of
resources, considering that the sea area use fee levied on the sea for
aquaculture in various regions has policy preferences and
exemptions, it is difficult to accurately measure. Therefore, this
paper uses the residual value of mariculture output value after
deducting labor income share and capital income share to
approximate the resource income share. The resource price is the
ratio of sea area resource income share to mariculture area.

3 Empirical results

3.1 Full sample factor elasticity of
substitution and resource biased
technological progress

Regression analysis was first performed on the data of the full
sample from 2008 to 2020, and seemingly uncorrelated regression
estimation was carried out on Equations 12, 13. The estimation
results of parameter coefficients are shown in Table 1.

As can be seen from the table, — 5 = 0.6539, the elasticity of
substitution between the non-resource factors aggregated by “capital-
labor” and the marine resource factors can be calculated as 0.3954.
This result is in line with the meaning of economics, indicating that
there is a certain substitutability between resource factors and non-

resource factors, that is, the increase in the input of non-resource

TABLE 1 Results of SUR estimation.

Parameter Estimate P value
ot -0.0314 0.007
__& 0.6539 0.000
e-1
oF -0.0034 0.759
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factors such as labor and capital or marine resource factors will
promote each other ‘s marginal output, but the degree of substitution
is weak, showing a complementary relationship as a whole. From the
perspective of a completely free market, the ratio of the marginal
output of factors is the ratio of the price of factors. Therefore, this
complementarity between resource factors and non-resource factors
indicates that as the price of resources increases, the production cost
of mariculture activities also increases. In order to cope with the cost
pressure caused by the increase in the price of resource factors,
producers can only moderately adjust the proportion of input of
resources and non-resource factors, such as appropriately reducing
the input of resources and reducing the marginal output of capital-
labor, resulting in a decline in total output. Therefore, in order to
maintain the total output of the mariculture industry will not decrease
with the decrease of resource input, it is necessary to increase the
marginal output by improving technological progress.

The level and growth rate of RBTC in mariculture industry
from 2009 to 2020 can be calculated by bringing the obtained
substitution rate into Equation 5. The results are shown in Table 2.

From the table, it can be found that the RBTC of mariculture
industry generally shows a trend of decreasing first and then
increasing. The growth rate of resource biased technological
progress has experienced a trend of “sharp rise-sharp decline-slow
rise”. Since 2015, the level of technological progress of marine
resources has gradually increased, and the growth rate of resource
biased technological progress has fluctuated around 5%, which is
basically consistent with the actual situation of mariculture. From
2015 to 2020, the Ministry of Agriculture and Rural Affairs has
announced six batches of national marine ranching demonstration
areas, a total of 136, marine ranching construction and
management standard system basically established, to a certain
extent, promote the development of mariculture. During this
period, the development of mariculture industry attaches great

TABLE 2 The resource biased technological progress of mariculture
industry from 2009 to 2020.

The growth rate of
resource-biased
technological

Resource biased

technological

progress Braoiees
2009 0.0107 -15.2451%
2010 0.0089 -16.7267%
2011 0.0085 -4.3061%
2012 0.0096 12.6831%
2013 0.0090 -6.1360%
2014 0.0092 1.6405%
2015 0.0091 -0.8331%
2016 0.0097 6.9128%
2017 0.0105 8.0398%
2018 0.0108 2.4898%
2019 0.0110 23723%
2020 00115 43275%
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importance to the protection of fishery resources, mariculture
industry pays more and more attention to green aquaculture in
production practice, and the technological progress level of marine
resource elements has been steadily improved. As far as the level of
BTC is concerned, because the TC of non-resource factors such as
“resources-labor” is greater than the technological progress level of
marine resource factors, and the substitutability between the two
types of factors is weak, there is a certain complementarity. It can be
concluded that in the production process of mariculture, the
marginal production of non-resource factors is greater than the
marginal production of marine resource factors. Increasing one unit
of non-resource factor input requires more than one unit of marine
resource factor input, and the overall TC is RBTC. This result also
reflects that the TC of mariculture industry tends to increase the use
of sea area resources as a whole.

3.2 Factor elasticity of substitution and
level of technological progress
across regions

On the basis of estimating the elasticity of substitution and
resource biased technological progress for the full sample, this
research divided the regions into the Bohai rim region, the East
China Sea and Yellow Sea region and the South China Sea region,
and performed seemingly uncorrelated regression estimation of the
time-series data for each region respectively. The parameters
obtained are shown as Table 3.

Thus, the elasticity of substitution of each region was further
calculated as Table 4.

It can be seen from the table that the factor elasticity of
substitution is less than 1 in all three regions and has relatively
small values. This result suggests that there is a complementarity
between marine resource factors and non-resource factors, i.e., that
an increase in either marine resource factors or non-resource
factors can lead to marginal outputs of the other type of factor in
each of the three coastal regions. Comparing the elasticity of
substitution of the three major coastal regions, it can be found
that the South China Sea region has the smallest elasticity of
substitution, the Bohai rim region has the second highest, and the
East China Sea and Yellow Sea region has the highest elasticity of
substitution. This result evinces the very weak substitutability
between resource and non-resource factors in the South China
Sea and Bohai rim regions. Therefore, when the price of marine
resources fluctuates relative to the price of non-resource factors,
producers cannot effectively achieve the goal of reducing costs and

TABLE 3 SUR estimation results of three regions.

Bohai rim region

East China Sea and Yellow Sea region

10.3389/fmars.2024.1519162

ensuring output simply by adjusting the ratio of inputs between
resource and non-resource factors. For the East China Sea and
Yellow Sea region, on the other hand, the elasticity of substitution is
0.4492, and although the two types of factors also show a
complementary relationship, the degree of substitutability
between resource and capital-labor factors is significantly higher
than in other regions. This result suggests that when there is a
relative change in the price of marine resources to the price of non-
resources, there will be a relatively larger change in the ratio of
marine resources to the inputs of capital and labor.

Table 5 shows resource biased technological progress and its
growth rates for the three regions. Significant differences can be found
between the three regions in terms of resource biased technological
progress. TC in the South China Sea region is much higher than that
in the East China Sea and Yellow Sea region and the Bohai rim region,
with RBTC in the South China Sea region averaging about 0.317 over
the sample period, which is 7 times higher than that in the Bohai rim
region and 40 times higher than that in the East China Sea and Yellow
Sea region. This is mainly due to the fact that the South China Sea
region is more richly endowed with marine resources, and
technological progress communicates itself in a resource biased
manner, while the level of TC in the resource factors in the Bohai
rim and the East China Sea and Yellow Sea regions need to be further
improved. In terms of growth rates, RBTC in the South China Sea
region achieves steady growth at an average rate of 3.272%, while
resource biased technological progress in the East China Sea and
Yellow Sea region grows at a slightly slower rate than that of the South
China Sea region, at 1.303%, and in the Bohai rim region, at -1.912%.
In addition, the figure depicted that the growth rate of resource biased
technological progress in the three major coastal regions peaked in
2012, with both the South China Sea region and the Bohai rim region
growing at more than 20%. The reason may be that in 2012, the
country proposed to build a strong marine nation and strengthen the
development and utilization of marine resources, which to a certain
extent promoted the growth rate of RBTC.

4 Analysis of the impact of resource
biased technological progress on
resource efficiency

4.1 Empirical model

As indicated by the definition of share of resources (Chen et al.,
2015), the resource share is expressed as follows.

South China Sea region

Parameter Estimate P value Parameter Estimate P value Parameter Estimate P value
ot -0.0182 0.023 ‘ ot ‘ -0.0458 0.000 ot -0.0333 ‘ 0.147
__& 0.5074 0.000 __& 0.8156 0.000 __& 04343 0.000
e-1 e-1 e-1
of -0.0112 0.439 ‘ of ‘ 0.0049 0.522 of 0.0121 ‘ 0.300
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R,PR
R;hare — % (16)
t
Then unite Equations 3, 16, 17 is yielded.
Y, R R
lnf =(1-¢€)nA; + e(InP; —Iny) (17)

t

In this research, resource efficiency is defined as the ratio of
output to resource consumption. From Equation 17, it can be
assumed that resource efficiency is closely linked to resource
biased technological progress and resource prices. Therefore,
drawing on the study of the relationship between resource biased
technological progress and resource efficiency and accommodating
the variable of marine resource price, the research establishes an
econometric model to study the influence of the two on
resource efficiency.

4.2 The results of resource efficiency

As evident by Figure 1, the resource efficiency of mariculture
increased from 6.81 in 2009 to 7.50 in 2020, with an overall increase
of 10.18%, a result which indicates that the resource efficiency of
mariculture has shown an upward trend, and the output of marine
resources per unit has been increasing during the study period.
Further detailed analysis shows that from 2009 to 2011, the resource
efficiency of mariculture showed a sharp decline, followed by a
sharp increase from 2011 to 2012, and a fluctuating upward trend
from 2012 to 2020. The reason is mainly due to the extensive
aquaculture in the early stage of mariculture, and the increase of
economic benefits at the expense of a large amount of resources.
Moreover, due to the decrease of aquaculture density and the
backwardness of technology, the output efficiency per unit sea
area is relatively low. In 2011, the resource efficiency reached its
lowest point, mainly due to natural disasters, such as typhoons,
resulting in a decrease in aquaculture area and social resource,
which directly led to a decline in the efficiency of mariculture
resources. While in other years, the resource efficiency of
mariculture industry is higher than 6.5, and reaches its peak of
7.50 in 2020.

4.3 Analysis of the dynamic impact of
resource biased technological progress,
resource prices on resource efficiency

To reduce the possible heteroskedasticity in the data, this

research takes the natural logarithm of the sequence %\ AR,
t

TABLE 4 Elasticity of substitution for the three regions.

Bohai
rim region

South China
Sea region

East China Sea and
Yellow Sea region

Elasticit Elasticit
Y Elasticity of substitution Y

of substitution of substitution

0.3366 0.4492 0.3028
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Pf, to obtain Iny, Ina and Inp. The stationarity of the data needs to
be tested before constructing the vector autoregressive model. The
ADF unit root test is performed to determine its stationarity, and
the results are shown in Table 6.

To construct a vector autoregressive model, it is first and
foremost to determine the optimal lag order. If the optimal lag
order is too small, it will cause the error to have strong
autocorrelation, which will affect the reliability of the parameter
being estimated. And if the optimal lag order is too large, it will lead
to the reduction of the degree of freedom and the validity of the
parameter estimation will be significantly affected. The LR test is
implemented to determine that the lag order is 1. Further, this
research constructs the VAR (1) model and results grabbed as
shown below:

Iny = 3.1921xIny( — 1) — 1.2172«Ina( — 1) (18)

— 3.0604+Inp( — 1) — 4.7667

It can be noted that the elasticity coefficient of resource
efficiency with respect to resource biased technological progress is
-1.2172 at lag 1, which indicates that in the short run, the level of
resource biased technological progress in mariculture has a
significant dampening effect on resource efficiency. When the
level of technological progress rises by 1%, there is a
corresponding decline in resource efficiency of -1.2172%. In terms
of the impact of resource prices on resource efficiency, the lag 1
elasticity coefficient is -3.0604, which suggests that there is a
negative impact of the price of marine resources on resource
efficiency. When the price of marine resources rises by 1%, it will
result in a decrease in resource efficiency of -3.0604%. The reason
may be that resource biased technological progress, resource prices
and resource efficiency have not yet been in a synergistic growth
situation. In the short term, due to the pressure of rising costs,
farmers may not be able to immediately adjust their production
methods and improve resource utilization efficiency, resulting in a
decline in resource efficiency.

4.4 Analysis of the long-run impact of
resource biased technological progress
and resource prices on resource efficiency

In order to further investigate the long-run equilibrium
relationship between resource biased technological progress,
resource price and resource efficiency, the three variables Iny, Ina,
Inp are first tested for cointegration. The results of the cointegration
trace test indicate that there is only one linearly independent
cointegration variable. The results of the maximum eigenvalue
test demonstrated that the null hypothesis of “cointegration is 0”
can be rejected at the level of 5%, but the null hypothesis of
“cointegration is 1”7 cannot be rejected. It can be concluded from
the test results that there is a cointegration relationship among the
three variables, which implies that there is a long-run equilibrium
relationship among the three.

Using Johansen’s MLE approach to estimate the cointegration
equation.
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TABLE 5 The resource biased technological progress in the three regions.

The growth rate of resource-biased
technological progress

Resource biased technological progress

Bohai East China Sea & South East China Sea & South
Rim Yellow Sea China Sea Yellow Sea China Sea
2009 0.0505 0.0077 0.2682 -20.8765% -7.0099% -3.3992%
2010 0.0404 0.0069 02742 -20.0198% -10.8795% 2.2646%
2011 0.0369 0.0069 02327 -8.6439% -0.1162% -15.1314%
2012 0.0445 0.0073 0.2946 20.4520% 6.8157% 26.5804%
2013 0.0405 0.0073 0.2971 -9.0381% -0.4808% 0.8316%
2014 0.0413 0.0074 03078 2.0461% 1.3347% 3.6189%
2015 0.0400 0.0076 0.3061 -3.1857% 2.6938% -0.5407%
2016 0.0439 0.0075 0.3084 9.7330% -1.9220% 0.7265%
2017 0.0448 0.0084 0.3598 2.0240% 12.7382% 16.6889%
2018 0.0447 0.0086 0.3850 -0.0671% 1.7694% 7.0003%
2019 0.0455 0.0090 03817 1.7377% 4.9929% -0.8692%
2020 0.0468 0.0095 0.3874 2.8919% 5.7027% 1.4892%
Iny, = 2.1598 + 0.5733xIna, + 1.4570+Inp, (19)
8r As a comparison, the EG-ADF two-step method is used to
estimate the long-run equilibrium relationship of the three
] . . . . . .
TN / variables, and the co-integration equation is obtained.
sl - u
n
7 . .\./.\ / Iny, = 3.6162 + 0.6533xIna, + 0.8006xInp; (20)
\ - The two estimates are similar, but the MLE estimate is
L] . . . -
theoretically more efficient. According to the MLE estimation
6L results, the coefficient of elasticity of technical progress for resource

efficiency is 0.5733, suggesting that when the level of resource biased
technical progress increases by 1%, it will contribute to an increase in
resource efficiency by 0.5733%. The price elasticity coefficient of

5r u resource efficiency is 0.8006, importing that when prices increase by

. . | . . . 1%, it will contribute to an increase in resource efficiency by 0.8006%.

2008 2010 2012 2014 2016 2018 2020 This result reveals that both resource biased technological progress

FIGURE 1 and marine resource prices promote resource efficiency in mariculture
Resource efficiency in mariculture. in the long-run, with marine resource prices contributing slightly

more than resource biased technological progress.

TABLE 6 Unit root test results of variable.

Variable ADF statistic 5% statistic P value Result
Iny -2.254 -3.000 0.1872 Non-stationary

D (Iny) -4.465 -3.000 0.0002 Stationary
Ina -1.049 -3.000 0.7348 Non-stationary

D (Ina) -4.279 -3.000 0.0005 Stationary

Inp -3.908 -3.000 0.0020 Stationary

D (Inp) -5.517 -3.000 0.0000 Stationary
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5 Conclusions and
policy recommendations

5.1 Conclusion

Taking the data of China’s mariculture industry from 2008 to
2020 as research samples, this research introduced marine resource
factors into the input-output system of mariculture industry to study
the technological progress level of marine resource factors. On this
basis, an econometric model was built to study the impact of resource
biased technological progress and resource price on resource
efficiency. The main research results are summarized as follows.

Firstly, a double-nested CES production function was constructed
to estimate the elasticity of substitution between non-resource factors
represented by labor and capital factors and resource factors, so as to
measure the level of resource biased technological progress in the
mariculture industry, which yielded that there was a complementary
relationship between resource and non-resource factors in marine
areas, and that the level of technological progress of non-resource
factors was higher than that of resource factors. resource biased
technological progress among the three major coastal regions
presents heterogeneous characteristics, with the level of resource
biased technological progress in the Bohai rim region showing a
small downward trend, the level of resource biased technological
progress in the South China Sea region basically remaining stable,
and the level of resource biased technological progress in the South
China Sea region being the highest among the three major regions and
showing a steady growth.

Secondly, the research analyzed the relationship between
resource biased technological progress, resource prices and
resource efficiency and fount that, in the short term, resource
biased technological progress and resource prices had a negative
impact on resource efficiency; in the long term, there was a long-
term equilibrium relationship between the three, and resource
biased technological progress and resource prices had a positive
impact on resource efficiency. Moreover, the improvement of
resource price on resource efficiency could reflect greater utility.
When the level of resource biased technological progress increased
by 1%, the resource efficiency would increase by 0.5733%, whereas
1% increase in the price of marine resources would lead to a
0.8006% increase in resource efficiency.

5.2 Policy recommendations

The first is to improve the technological progress level of marine
resource elements. R & D and promotion of resource-saving
mariculture technology, coastal areas can increase efforts to R &
D and promotion of resource-saving mariculture technology,
improve the ability of independent innovation, strengthen the
development and utilization of green aquaculture technology.
This includes optimizing the aquaculture structure, developing
multi-level comprehensive aquaculture, making full use of the
three-dimensional space of seawater, and improving the
utilization efficiency of marine resources. In addition, in the field
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of key technology research, technical research on fish industrial
ships and deep-water cage culture was carried out, and technical
specifications for ship-borne cabin culture and deep-water giant
cage fish culture were established. This helps to improve breeding
efficiency and resource utilization efficiency. At the same time, the
integration and demonstration of aquaculture platform should be
carried out, the industrialization platform should be established,
and the technical mode of large-scale aquaculture in deep sea
should be constructed.

The second is to build a perfect marine resource price evaluation
system. Coastal areas need to improve the management system of
marine resource price assessment, establish and improve the
procedures and methods of marine resource price assessment, and
establish a database of transaction information including the price of
marine resources sold by various places and types, so as to fully and
truly reflect the market price of marine resources. Moreover, coastal
areas can consider introducing differentiated sea area resource price
policies to make full use of regional differences to improve the
utilization of sea area resources in various regions. This means that
according to the resource situation, economic development level and
ecological environment requirements of different regions, different sea
area resource prices are formulated to promote the rational allocation
and efficient utilization of resources.

Data availability statement
The datasets presented in this article are not readily available

because access to the data is limited to our research group. Requests
to access the datasets should be directed to 15853037813@163.com.

Author contributions

JK: Data curation, Funding acquisition, Writing - original draft.
YS: Conceptualization, Formal analysis, Software, Visualization,
Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

frontiersin.org


mailto:15853037813@163.com
https://doi.org/10.3389/fmars.2024.1519162
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Kong and Sun

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

Aung, Y. M., Khor, L. Y., Tran, N., Shikuku, K. M., and Zeller, M. (2021). Technical
efficiency of small-scale aquaculture in Myanmar: Does women’s participation in
decision-making matter? Aquacult. Rep. 21, 100841. doi: 10.1016/j.aqrep.2021.100841

Chen, J., Wang, S. J., Zhou, C. S., and Li, M. (2019). Does the path of technological
progress matter in mitigating China’s PM2.5 concentrations? Evidence from three
urban agglomerations in China. Environ. pollut. 254), 113012. doi: 10.1016/
j.envpol.2019.113012

Chen, X. L, Xu, S,, and Lian, Y. J. (2015). Factor substitution elasticity and biased
technology’s effects on industrial energy intensity. J. Quantitative Technological
Economics. 32, 58-76. doi: 10.13653/j.cnki.jqte.2015.03.004

Dong, J. L., Shen, M. H., and Yu, X. (2023). Study on the eco-economic efficiency of
China’s mariculture based on undesirable output. Front. Mar. Sci. 10. doi: 10.3389/
fmars.2023.1254537

Doraszelski, U., and Jaumandreu, J. (2014). Measuring the Bias of Technological
Chang. (CEPR Discussion Papers), 10275.

Fan, L. W, You, J. M., Zhang, W, and Zhou, P. (2020). How does technological
progress promote carb on productivity? Evidence from Chinese manufacturing
industries. J. Environ. Manage. 277, 325-341. doi: 10.1016/j.jenvman.2020.111325

Hassler, J., Krusell, P., and Olovsson, C. (2012). Energy-saving technical change.
Natl. Bureau Economic Res. doi: 10.3386/w18456

Hassler, J., Krusell, P., and Olovsson, C. (2021). Directed technical change as a
response to natural resource scarcity. J. Polit Econ. 129, 3039-3072. doi: 10.1086/
715849

Hicks, J. R. (1932). The theory of wages (Macmillan Press).

Ji, J. Y., Sun, Y. N,, and Yin, X. M. (2022). Study on green output bias of China’s
mariculture technological progress. Environ. Sci. pollut. Res. 29, 60558-60571.
doi: 10.1007/s11356-022-20158-5

Kularatne, M. G., Pascoe, S., Wilson, C., and Robinson, T. (2019). Efficiency of
culture-based fisheries production in village irrigation systems of Sri Lanka. Aquac
Econ Manage. 23, 65-85. doi: 10.1080/13657305.2018.1497104

Li, R, and Sun, T. (2020). Research on impact of different environmental regulation
tools on energy efficiency in China. Pol. J. Environ. Stud. 29, 4151. doi: 10.15244/pjoes/
120520

Li, Y., Wang, Y. H,, Ding, L. L., Ke, L. J., Ma, W. Q,, and Yang, Y. L. (2020). Dynamic
response analysis among environmental regulation, technological progress and water
resource consumption in China’s textile industry. Pol. J. Environ. Stud. 29, 2709.
doi: 10.15244/pjoes/112618

Frontiers in Marine Science

09

10.3389/fmars.2024.1519162

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Liang, H. J., Liu, J. S., Wang, R, Song, Y. Q., and Zhou, Y. Y. (2020). Research on
China’s regional energy efficiency evaluation and influencing factors based on the DEA-
Tobit model. Pol. J. Environ. Stud. 29, 3691. doi: 10.15244/pjoes/115976

Liao, M., and Ren, Y. (2020). The ‘double-edged effect’of progress in energy-biased
technology on energy efficiency: A comparison between the manufacturing sector of
China and Japan. J. Environ. Manage. 270, 110794. doi: 10.1016/j.jenvman.2020.110794

Long, L. K., Thap, L. V., and Hoai, N. T. (2020). An application of data envelopment
analysis with the double bootstrapping technique to analyze cost and technical
efficiency in aquaculture: Do credit constraints matter? Aquaculture 525, 735290.
doi: 10.1016/j.aquaculture.2020.735290

Rahman, S., Barmon, B. K, and Anik, A. R. (2020). Productivity growth and
efficiency changes in prawn-carp-rice farming in ‘Gher’ system in Bangladesh: A
Fare-Primont index approach. Aquaculture 522, 735107. doi: 10.1016/
j.aquaculture.2020.735107

Ren, W. H. (2021). How to realize the sustainable development of mariculture
industry-re-examine from the perspective of biased technological progress in China.
Mar. Pol. 134, 104791. doi: 10.1016/j.marpol.2021.104791

Ren, W. H,, and Xu, Y. H. (2024). Evaluation and optimization of mariculture
ecological efficiency under technological heterogeneity — New evidence from China’s
coastal regions. Mar. pollut. Bull. 205, 116563. doi: 10.1016/j.marpolbul.2024.116563

Sun, Y. N,, and Ji, J. Y. (2021). Measurement and analysis of technological progress
bias in China’s mariculture industry. J. World Aquacult. Soc 53, 60-76. doi: 10.1111/
jwas.12866

Thriveni, K., Jayaraman, R., Senthikumar, V., Sujathkumar, N. V., Anand, C., and
Ramana, T. V. (2022). Technical efficiency analysis of shrimp farms in Andhra Pradesh,
India using stochastic frontier approach. Indian J. Fish. 69, 119-127. doi: 10.21077/
ij£.2022.69.2.113857-14

Wang, W., Mao, W., Wu, R. H,, Zhu, J. Z,, and Yang, Z. B. (2024). Study on the
spatial imbalance and polarization of marine green aquaculture efficiency in China.
Water 16 (2), 273. doi: 10.3390/w16020273

Wei, Z. X., Han, B. T, Han, L., and Shi, Y. Y. (2019). Factor substitution, diversified
sources on biased technological progress and decomposition of energy intensity in
China’s high-tech industry. J. Clean Prod. 231), 87-97. doi: 10.1016/
j.jclepro.2019.05.223

Yu, X,, Hu, Q. G,, and Shen, M. H. (2020). Provincial differences and dynamic
changes in mariculture efficiency in China: based on super-SBM model and global
malmquist index. Biology 9 (1), 18. doi: 10.3390/biology9010018

frontiersin.org


https://doi.org/10.1016/j.aqrep.2021.100841
https://doi.org/10.1016/j.envpol.2019.113012
https://doi.org/10.1016/j.envpol.2019.113012
https://doi.org/10.13653/j.cnki.jqte.2015.03.004
https://doi.org/10.3389/fmars.2023.1254537
https://doi.org/10.3389/fmars.2023.1254537
https://doi.org/10.1016/j.jenvman.2020.111325
https://doi.org/10.3386/w18456
https://doi.org/10.1086/715849
https://doi.org/10.1086/715849
https://doi.org/10.1007/s11356-022-20158-5
https://doi.org/10.1080/13657305.2018.1497104
https://doi.org/10.15244/pjoes/120520
https://doi.org/10.15244/pjoes/120520
https://doi.org/10.15244/pjoes/112618
https://doi.org/10.15244/pjoes/115976
https://doi.org/10.1016/j.jenvman.2020.110794
https://doi.org/10.1016/j.aquaculture.2020.735290
https://doi.org/10.1016/j.aquaculture.2020.735107
https://doi.org/10.1016/j.aquaculture.2020.735107
https://doi.org/10.1016/j.marpol.2021.104791
https://doi.org/10.1016/j.marpolbul.2024.116563
https://doi.org/10.1111/jwas.12866
https://doi.org/10.1111/jwas.12866
https://doi.org/10.21077/ijf.2022.69.2.113857-14
https://doi.org/10.21077/ijf.2022.69.2.113857-14
https://doi.org/10.3390/w16020273
https://doi.org/10.1016/j.jclepro.2019.05.223
https://doi.org/10.1016/j.jclepro.2019.05.223
https://doi.org/10.3390/biology9010018
https://doi.org/10.3389/fmars.2024.1519162
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

	Technological progress bias and its impact on resource efficiency in China’s mariculture industry
	1 Introduction
	2 Research methodology
	2.1 Production function
	2.2 Estimation of elasticity of substitution
	2.3 Description of data and variables

	3 Empirical results
	3.1 Full sample factor elasticity of substitution and resource biased technological progress
	3.2 Factor elasticity of substitution and level of technological progress across regions

	4 Analysis of the impact of resource biased technological progress on resource efficiency
	4.1 Empirical model
	4.2 The results of resource efficiency
	4.3 Analysis of the dynamic impact of resource biased technological progress, resource prices on resource efficiency
	4.4 Analysis of the long-run impact of resource biased technological progress and resource prices on resource efficiency

	5 Conclusions and policy recommendations
	5.1 Conclusion
	5.2 Policy recommendations

	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


