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Abstract: Digital economy is a new factor to promote regional development. To explore the impact of
the digital economy on the level of marine economic growth, we establish a panel threshold model with
capital for marine as the threshold variable and marine economic growth level as the explained variable
based on the neoclassical economic growth theory and the panel data of regions in China during 2006
to 2016. We performed a threshold regression analysis to understand the digital economy’s influence on
marine economic growth. The results show that the impact of the digital economy on marine economic
growth has a double threshold effect. When the marine capital investment is low, the digital economy
influences marine economic growth negatively. When the digital level reaches the medium level, the
digital economy enhances the growth of the marine economy significantly. However, if the digital level
reaches a high level, its role in promoting marine economic growth is weakened.
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1. Introduction

At present, the digital economy is a new engine to allocate resources and improve the level of
economic development. According to the Digital China Development Report (2020) by the Cyberspace
Administration of China, China's digital economy is ranked second in the world and has become one of
the main leaders in the field of the digital economy. The integration and application of the new intelligent
technology in various industries support economic development from the micro and macro aspects. At
the micro-level, the digital economy forms an economy of scale and scope to improve the equilibrium
level of the economy. At the macro level, it promotes economic growth by realizing new input elements,
resource allocation efficiency, and efficiency [1]. By forming the development level of the marine
economy, digital technology produces significant results from the construction of the seafood chain,
aquaculture, marine environment monitoring, and other aspects. However, the wave of digital
development also affects the development of the traditional marine competitive industries. For example,
the industrial chain, supply chain and marketing mode of the traditional marine fishery have undergone
profound changes, which requires high start-up costs to adapt to the changes brought about by the digital
industry. Under the background that the 19th National Congress of the Communist Party of China further
defined to strengthen the establishment of marine power, it is important to realize the great leap forward
development of the marine economy by using the digital economy.

Combined with the unique attributes of the digital economy, we measure the development of the
digital and marine economy in 11 coastal provinces between 2006 and 2016 by using the panel threshold
model to know the impact of the digital economy on the marine economy and its mechanism. The marine
economy is indispensable to national economic growth. The correct judgment of the marine and the
digital economy promotes the implementation of the maritime power strategy.

2. Literature Review and Research Hypothesis

According to the existing research, digital technology and economic development have always been
the focus of debate in the economic circle. On the one hand, in the initial stage of digitization, we need
to invest a lot of capital and professional labor force to adapt to the digital business model. Therefore,
scholars believe that it is difficult for the digital economy to play a full role in economic growth. By
analyzing the Internet cross-sectional data of various provinces in China from 2000 to 2005, Li found
that the effect of Internet development on the economy is local and unstable, and the correlation between
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the number of websites and other factors and economic development is very low [2]. Yang believes that
underdeveloped areas are easy to fall into a vicious circle of "backward economic development - lack of
material conditions for developing digital economy - slow economic growth rate"[3]. Li found that the
use of the Internet has typical characteristics of network externality, and its impact on economic growth
has a cumulative effect and a lag effect [4]. However, it takes long for the digital economy to affect
economic growth. Therefore, some scholars' views are too one-sided.

On the other hand, Zhang et al. held the view that the digital economy can reduce production costs,
improve operational efficiency, and optimize the economic structure [5]. Wang stated that the digital
economy realizes the optimal allocation of factor resources and the difference in transformation and
evolution, promotes the evolution of industrial upgrading, and optimizes the quality of economic growth
[6]. Chen found that the digital economy has a marginal effect on the industrial structure, thus promoting
economic development [7]. However, few scholars study the influence of the digital economy on the
marine economy.

The influence of digital development on the development level of the marine economy has two stages.
In the early phase of digital construction, the development of the digital economy does not have an
immediate effect on the development level of the marine economy due to the time lag effect of market
intervention cost and new generation information technology investment. Besides, the development of
digital channels may make the wholesale market experience the evolution trend of aggregation, diffusion,
and disintegration [8]. With the continuously expanding digital economy, the rapid development of e-
commerce and the "Internet plus" platform has increased the production efficiency and operation
efficiency of the seafood wholesale market. The promotion of the Internet of things has effectively
improved the level of marine environmental monitoring. The application of artificial intelligence
provides new technical support for aquaculture. Considering the network effect of the digital economy,
the effect of the digital economy on the improvement of marine economic development level becomes
obvious. However, when the digital economy enters into a certain stage, the competency of marine
business departments needs to readjust their organizational structure and allocate resource elements. In
addition, each department may also face the problems of inefficient internal coordination and unclear
strategic positioning. Therefore, the sustainable development of the digital level may have the effect of
diminishing return of scale on the marine economy.

To sum up, we propose the following research hypotheses.

H1: A U-shaped curve relationship is found between the digital economy and the marine economy.

3. Research Design
3.1. Model construction

For testing the influence of the digital economy on the development of the marine economy, we adopt
the threshold regression model learned from Hansen. The further analysis model is set as follows.

MEC;; = By + B1Dige(MC;; K y1) + B,Dige(MC;; > y;) + B3InMT;; + B4InPEF;; + BsInFDI;; +
Wie (1)

In Eq. (1), the explained variable (MECit) is the development level of the marine economy of
province i in the period # measured by the entropy method. The core explanatory variable (Digeit) is the
digital economy development level of the province i in the period t measured by the entropy method,
MCit represents the threshold variable, y represents the threshold to be estimated, f§ is the variable
coefficient, MC;, PEF;, FDI; respectively indicate the proportion of marine technology investment,
fiscal consumption expenditure, and foreign investment proportion of province i in year ¢z, pit is a random
error term.

3.2. Variables

3.2.1. Variable for explanation: level of marine economy development

We set up a multi-dimensional evaluation system with three secondary factors: marine economic
scale, marine economic structure, and marine economic contribution. The marine economic development
level of 11 coastal provinces and cities between 2006 and 2016 is evaluated with the entropy method.
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3.2.2. Core explanatory variable: digital development level

Since there is no recognizable way to measure the level of the marine digital economy, we draw
lessons from the practice of Zhao Tao [9], we construct an index system with Internet infrastructure,
Internet-related output, and Internet penetration rate as secondary indicators which are combined with
the focus of research.

3.2.3. Threshold variable: marine capital

Based on the estimation method of Zhang [10], taking 2006 as the base period, the sustainable
inventory method is used to evaluate the capital stock of the regions as follows.

Ke= (1= 0K +3 )

where i is the provinces and cities, ¢ is the year, Kt indicates the capital stock during period ¢, and ¢ is
the depreciation rate of fixed assets with a value of 9.6%, /¢ is the amount of investment in the fixed asset
in current years based on 2006 in period ¢, Pt is the price index of fixed asset investment in period z.

The estimation of marine capital stock refers to the method of He [11], and the calculation method is
performed as follows: marine capital stock (MC) = (coastal area marine GDP / coastal area GDP) x
Capital stock in coastal areas (3)

3.2.4. Control variable

For a comprehensive analysis of the impact of the digital economy on the marine economy, we add
control variables that influence the level of the development of the marine economy into the model,
specifically as follows.

(1) Investment in marine technology (MT) is expressed as the proportion of fund income of marine
scientific research institutions in coastal areas in GDP.

(2) Proportion of fiscal consumption expenditure (PFE) is evaluated by the proportion of fiscal
consumption expenditure in GDP.

(3) Foreign investment (FDI) is evaluated by the ratio of the total investment of enterprises invested
by foreigners in GDP.

Table 1 shows the construction index, index attribute, and construction process of the evaluation
indicator of marine economic development level and digital economic development of rovinces and cities
in coastal areas.

Table 1: Evaluation index of level of marine economic development and digital economic development
of provinces and cities in coastal areas

Primary index Secondary index Tertiary indicators
Per capita GOP
marine economic scale Number of sea related employees / total
employed population

Proportion of added value of marine

, , secondary industry in GOP
marine economic structure

Level of Proportion of added value of marine tertiary
Development of industry in GOP
marine economy marine economic GOP/GDP
contribution

Internet infrastructure Long distance optical cable line length / land

area
Internet related output Total telecom business / GDP
Internet penetration rate Internet users / total number

3.3. Data source and description

Considering the completeness and availability of data, we take eleven provinces and cities in coastal
areas in China as research objects and use data from China Statistical Yearbook (2006—2016), China
Ocean Statistical Yearbook (2006—2016), and the Catalan database. To prevent heteroscedasticity from
affecting regression results, we logarithmically process the data. Table 2 shows the descriptive statistics
of the major variables of 121 study samples.
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Table 2: Variable descriptive statistical results

. Number Of . Minimum Standard
Variable Observations Maximum Value Deviation Mean value
Explained MEC 121 1.000 0.050 0.256 0.210
Variable
Explanator .
y Variable Dige 121 0.880 0.049 0.180 0.456
Threshold InMC 121 12.571 7.507 11.055 1.887
Variable
Control MT 121 0.177 0.003 0.042 0.164
V;’r';ai)"le PFE 121 0.941 0.031 0.186 0.178
FEI 121 0.769 0.006 0.106 0.104
4. Results

4.1. Basic estimation

Table 3 shows that there is a threshold effect on the digital economy and the level of marine economic
development. The single threshold and double threshold pass the significance test of 5 and 1%,
respectively. Specifically, the confidence interval of the two threshold values is narrower, so the
recognition effect of the threshold value is more significant.

Table 3: Threshold effect test and threshold confidence interval

Threshold Model F value critical value Threshold
variable 1% 5% 10% value
1 29.67** 40.698 31.604 27.632 11.011
InMC 2 33.89%** 32.132 25.761 21.278 1111(;1111

Based on this, double panel threshold regression estimates are made, whose result is presented in
Table 4. In the double threshold model, the influence coefficient first changes from negative to positive.
This implies that there are different phases in the effects of digital economies on marine economic growth,
which is consistent with the results of Gu [12]. This is mainly due to the low level of digital infrastructure
in the early stage of digitization construction, and the main investment in marine capital is fixed assets,
which makes it difficult to achieve scale effect. In other words, digital technology in promoting
productivity has not played its role fully. Then, with the continuous investment of marine capital and
reaching the first threshold, the digital technology development can fully reduce the cost of information
dissemination and transaction costs, the marginal cost of linkage between various departments continues
to decrease, and participants can obtain more benefits. In addition, digitization drives emerging marine
industries in the process of development to directly enhance the marine economy development. However,
the impact of the digital economy on the development of the marine economy begins to decline and
shows a declining marginal utility with the continuous input of marine capital and the crossing of the
second threshold value.

Table 4: Main model estimation results

variable Double threshold model
InMC -
InMC<I11.011 -0.242%***
11.011<InM(C<11.314 0.807***
InMC>11.314 0.213%**
InMT 0.914
InPFE -2.716%%*
InFDI -0.567**

5. Conclusion

A panel threshold regression model is established with ocean capital as a threshold variable, and the
non-linear relationship between the marine economic development and digital economy is explored with
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the panel data of coastal areas in China between 2006 and 2016 (ii provinces and cities). The results show
the following.

Digital economic implications on marine growth have a double threshold effect with thresholds of
11.011 and 11.314, respectively. When the marine capital investment is lower than 11.011, the impact of
the digital economy on the growth level of the marine economy is significantly negative. In addition,
when the marine capital investment is higher than the first threshold, the digital economy’s influence on
the growth level of the marine economy is significantly positive. Namely, the impact of the digital
economy on the growth level of the marine economy is reflected only when the marine capital investment
reaches a certain degree. In other words, the marine economy growth is significantly influenced by the
digital economy, in which the capital investment in the marine economy mainly drives the growth. When
the input of marine capital crosses the first threshold value, digital economic implications on the level of
marine economic development show a non-linear trend of decreasing marginal effect.

The results of this study have value as a reference for how the digital economy promotes marine
economy development. The suggestions are made in this study as follows.

The government needs to make efforts to develop the digital economy. First, it is required to develop
the digital infrastructure and increase research and development and financial support for the digital
economy. Secondly, it is required to formulate support policies for the digital economy development,
cultivate the market main body, and expand the development platform; Finally, we need to open more to
the world with breakthrough technologies and to absorb advanced foreign technologies.

The marine industry needs to seize the opportunity of the development of the digital economy, deeply
integrate the digital economy in the real economy, maintain innovation, and consolidate the dividend
advantages. The new generation of information technology for the high-level development of the marine
economy is needed with the help of a series of support policies proposed for the new model of the digital
economy.

The growth of marine economy depends on the investment of marine capital to a certain extent. Only
when marine capital investment crosses the first threshold, the digital economy promotes the growth of
marine economic development level. Therefore, the government accelerates financial agglomeration and
formulates financial support policies. However, taking marine capital for supporting marine economic
growth is not a long-term plan. Therefore, the government needs to transform China’s marine economic
growth with science and technology.
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