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Industrial structure adjustment is an important component of China’s supply-

side structural reforms. This study examines the effect and action path of

regional industrial structure transformation, through the lens of advancement

and rationalization, on the economic fluctuation and quality of the marine

fishery industry. The results show that regional industrial structure

advancement (rationalization) promotes (reduces) economic fluctuation.

Regarding the action paths, regional industrial structure advancement

(rationalization) has a U-shaped (inverted U-shaped) relationship with

economic quality. The regional industrial structure advancement level is

greater than 5.108 in China’s coastal areas and on the right side of the U

shape. Thus, the evolution of the industrial structure in these areas is conducive

to improving the economic quality of marine fisheries. Meanwhile, The degree

of regional industrial structure rationalization has not reached the optimum

level, and most areas are far from optimum level. This suggests that the

structural dividends from industrial structure rationalization not fully released

and need further regulation. In terms of the overall effect, regional industrial

structure transformation can cause economic fluctuations in marine fisheries,

with the main force originating from industrial structure advancement. The

path of regional industrial structure transformation affecting economic quality

of marine fisheries is non-linear. At present, the industrial structure

advancement transformation can improve economic quality, but the

industrial structure rationalization needs to be further adjusted.

KEYWORDS
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1 Introduction

Supply side structural reforms are a major innovation and

necessary measure since China’s economy transitioned into the

new normal of high-quality growth. The country aims to

transform its factor-dependent pattern of economic growth

through structural reforms to one that focuses on innovation

(Hu et al., 2016). Importantly, the effectiveness of reform is

related to high-quality economic development. Regions can

accelerate regional industrial transformation, optimize their

industrial structure, and cultivate new drivers of economic

development. Adjusting the industrial structure affects the

stability of the national economy and the quality of economic

development1 (hereafter, economic quality) by changing the

relationship between industrial sectors and resource allocation.

Marine fisheries have been one such important industry subject

to industrial structure transformation.

As an important supplier of proteins, marine fisheries have

played an important role in improving the national dietary

structure and nutrition levels in China (Han and Li, 2015;

Warren and Steenbergen, 2021). After decades of development

and focused efforts, the industry’s production capacity has

improved, accompanied by a diversity of products and

improved integrity, modernization, and productivity of

systems. For instance, there is diversity and abundance of fresh

fish, shrimp, shellfish, mollusks, and other fresh fish products, as

well as processed products such as minced fish, fish oil, and

canned food. Meanwhile, there has been rapid development of

nurseries; processing technology; fishery machinery

manufacturing, feed, medicine, and construction, distribution,

and transport; and recreational fishing around mariculture and

marine fishing. For instance, the total amount of aquatic

products in China reached 69.01 million tons in 2016, an

increase of 15 times compared with 1979.2 The estimated

amount of protein provided by marine fisheries was 2.6621

million tons, accounting for approximately 12.6% of the total

amount provided by the food system (Han, 2018). This amount

can replace approximately 22.97 million tons of meat (pork) or

91.88 million tons of food (raw grain), saving 16.9 million

hectares of arable land and 75.8 billion tons of fresh water in

2016 (Li and Han, 2019).

However, the resource-based nature of the marine fishery

industry means that it may suffer from the regional industrial

structure adjustment (RISA) efforts, which may be mitigated by

reinjection of resources for rural revitalization and innovation

via regional industrial structure rationalization (RISR). RISA
1 The quality of economic development in this paper is defined as the

efficiency, the ratio of inputs to outputs, the most commonly used

indicator being total factor productivity.

2 Data from China Fisheries Statistical Yearbook.
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promotes the flow of resource and production factors from low

productivity or growth sectors to high productivity or growth

sectors; this is characterized as the “siphon effect.” This reduced

availability of resources and factors can affect the economic

development quality and economic fluctuations3 in marine

fisheries with relatively low productivity or growth (Gan

et al., 2011).

Meanwhile, under the promotion of rural revitalization and

innovation, RISR will drive some high-quality resource

(technology, talents, etc.) to flow back to the marine fishery

industry, such as returning migrant workers starting their own

business. This may promote the industry’s economic

development. We define this phenomenon as the “backflow

effect.” Then, we need to understand how the siphon and

backflow effects influence the economic stability and quality of

the marine fisheries.

Most studies show that industrial structure transformation is

a key factor that influences production efficiency and economic

fluctuation (Burns, 1960; Samuels, 2017). However, these

influences manifest in two ways. First, RISA can improve the

overall economic efficiency and provide a “structural dividend”

(Wang et al., 2004; Liu and Zhang, 2008; Bah and Brada, 2009;

Ahmad et al., 2015; Tu et al., 2016; Xu and Tao, 2017; Zhang and

Ping, 2017). Simultaneously, the redistribution of factors can

promote the growth and decline of different industries and thus

cause economic fluctuations (Baumol, 1967; Peneder, 2003).

Thus, RISA becomes an important source of economic

fluctuations in industries. Second, RISR is conducive to stable

economic development by revitalizing regions by redistributing

resources (Eggers and Loannides, 2006; Fang and Zhan, 2011;

Peng et al., 2013). However, it may not affect productivity and,

hence, may not yield a “structural dividend” (Fagerberg, 2000;

Zhu and Wang, 2016; Shen et al., 2020).

Studies have used stochastic frontier, mixed data, shift share

analysis, and panel threshold models to empirically analyze the

impact of industrial structure adjustment on fishery economic

growth. These studies show that this adjustment is important for

marine fishery’s economic growth (Meng, 2015) and an

important way to promote the fishery economy ’s

transformative development (Wang and Ning, 2017). Many

scholars hold that the current fishery industry’s economic

growth mainly depends on the primary industry, whereas the

contribution of secondary and tertiary industries is not high.

This industrial structure may not be conducive to the fishery

economy’s growth and the improvement of the industry’s

technical efficiency and international competitiveness (Ping

and Zhao, 2018; Le et al., 2019). Improving this structure is
3 Economic fluctuation refers to the phenomenon that economic

growth ups and downs, contractions, and expansions go on alternately,

and then an alternating cycle in the course of the economy’s long-

term operation.
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important for promoting the fishery industry’s economic growth

and, thus, fishermen’s income (Yang and Yan, 2018; Jin

et al., 2020).

Other studies have analyzed this lopsided industrial

structure from the perspective of advancement and

rationalization. They also agree that the advancement of

fisheries’ industrial structure can be conducive to promoting

the industry’s economic growth (Liu, 2018; Wang et al., 2019a).

Liu (2018) believed that the rationalization of the current

fisheries’ industrial structure negatively affected fishery

economic growth. Meanwhile, Wang et al. (2019) believed that

this relationship is non-linear with periodic characteristics.

Based on this, research has also examined countermeasures for

the optimization and upgrading of the marine fishery industry

structure (Yang and Su, 2010).

In summary, the literature analyzes the internal mechanism

of industrial structure adjustment affecting the marine fishery

industry’s economic growth. However, the focus has been

mainly on only analyz ing this spec ific industry ’ s

transformation. Few have examined these impacts at a larger

scale, such as the impact of region industrial structure

transformations. Here, we analyzed this problem from the

perspective of regional industrial structure adjustment to gain

insights on effectively promoting the upgrading and high-quality

development of the marine fishery economy in China.
2 Theoretical analysis and
research hypotheses

The State Council of the People’s Republic of China issued

Central Document No. 1 in 2016,4 which had “several opinions on

promoting the structural reform of agricultural supply side deeply

and accelerating the cultivation of new driving forces for

agricultural and rural development.” It noted that “it is necessary

to promote the transformation of agricultural and rural

development from over-reliance on resource consumption and

emphasis on quantitative needs to the pursuit of green ecological

sustainability and focusing on satisfying qualitative needs.”Marine

fishery is also faced with the structural problem of an effective

supply shortage, whose solution, intuitively, is on the supply side.

Indeed, the “key points of fishery administration work” issued by

China’s Ministry of Agriculture and Rural Affairs in 2018, 2019,

and 2020 clearly pointed out that “the supply side structural reform

should be taken as the main line in future fishery development.”
4 The “No. 1 Central Document” originally refers to the first document

issued by the Central Committee of the Communist Party of China every

year, which has a programmatic and guiding status in the country’s work

throughout the year. Now, it has become a proper term for the Central

Committee and the State Council to attach importance to rural issues
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Therefore, based on the perspective of advancement and

rationalization, this study analyzes the relationship between

regional industrial structure transformation and marine fishery’s

economic development (Figure 1).
2.1 Analyzing RISA’s influence on the
marine fishery industry

RISA’s characteristic is that the leading industries are

successively replaced. Even without considering the influence

of government regulatory policies, it promotes the

agglomeration of labor, capital, technology, and other

resources in emerging industries with high efficiency or

growth, whereas traditional industries with low efficiency or

growth face the loss of resource. The characteristics of high risk

and investments and the long capital payback period of marine

fisheries mean that high growth and productivity may be elusive

in this industry; consequently, under RISA, many economic

factors will flow to non-fishing industries. The loss of production

factors will inevitably affect the industry’s development, marine

aquaculture, marine fishing, seafood processing, seafood storage

and logistics, and other industries, such as industrial-scale

compression (Wang, 2022). This will cause economic

fluctuations in marine fisheries. This shows that RISA can

promote the economic fluctuations of the marine fishery

industry, with an obvious leverage effect.

Furthermore, RISA may also pose challenges for attracting

talent. Over the years, marine fisheries have become highly

dependent on capital-intensive equipment, such as fishing

boats, fishing gear, and deep-water cages (Han et al., 2007), as

they help improve economic efficiency. Meanwhile, with the

decline in offshore fishery resources and greater industrial sea

usage, deep-sea mariculture and oceanic or trans-oceanic fishery

will become the main focus of marine fisheries in the future

(Han et al., 2016; Fu et al., 2019). Indeed, in 2020, Central

Document No. 1 noted “focusing on supporting the

development of pond engineering and industrial recirculating

aquaculture,” and “support[ing] deep-sea aquaculture.”

Together, this means the further development of marine

fishery using modern high-end equipment, such as large

fishing vessels, deep-sea cages, testing equipment, cold chain

transportation, etc. This will inevitably lead to increased demand

for highly skilled talent. However, RISA attracts highly skilled

talent in non-fishing industries with high productivity or

growth; this will lead to the insufficient supply of highly

technical talent in marine fisheries.

Thus, in the early stages of RISA, production factors will flow

from the fishery to non-fishery industries. The loss of capital and

lack of talent will restrict the improvements in the efficiency of

marine fishery development. However, in the later stages of

RISA, regional scientific and technological innovations, and

advanced technologies (such as big data, Internet, artificial
frontiersin.org
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intelligence, and BeiDou/GPS), and equipment (such as

intelligent sensors, underwater robots, and deep-sea potential

devices) will gradually flow to the marine fishery industry

(Valdemarsen, 2001). This will drive the industry ’s

transformation and upgrading. Overall in the early (later)

stage, RISA’s evolution has a negative (positive) impact on the

economic quality of marine fishery.

Based on this discussion, we propose the following hypotheses.

H1: RISA’s evolution can cause economic fluctuations in the

marine fishery industry.

H2: RISA’s impact on the economic quality of the marine

fishery industry varies across stages of RISA.
2.2 Analyzing RISR’s influence on
marine fishery

RISR aims to pursue the balanced development among

industries, which is different from the emphasis of RISA. This

evolution can optimize the allocation of resource elements,

coordinate the relationship between industrial development,

promote industrial relations from unbalanced to balanced, and

finally, achieve balanced economic development. This dampens

the volatility induced by RISA’s evolution in the marine

fishery economy.

Specifically, RISR’s evolution will help reinject part of the

resources from non-fishery industries to the marine fishery

industry, thereby mitigating some of RISA-induced economic

fluctuations. This can help the steady development of the marine

fishery economy

The evolution of RISR also affects the marine fishery

efficiency. Specifically, RISR’s evolution can mitigate the impact

of resource loss experienced by the industry by optimizing the

resource allocation structure between different industries through

two ways. First, RISR can restrict the flow of resources in high

growth sectors and redirecting these resources to sectors with low

growth. Ultimately, the economic efficiency of marine fisheries is
Frontiers in Marine Science 04
reduced due to the misallocation of resource elements; however,

this effect is likely small given the criticality of marine fisheries to

fulfilling food requirements. Second, RISR’s evolution will help

coordinate the flow of high-innovation and advanced production

factors, such as advanced technology, high-end talents, and

intelligent equipment, from non-fishery industries to the marine

fishery industry. In addition to helping alleviate the misallocation

of resources (Deng etal., 2018), it will improve the efficiency of

marine fisheries.

Based on this discussion, we propose the following hypotheses.

H3: RISR’s evolution dampens the economic fluctuations in

marine fisheries and promotes its stable development.

H4: RISR’s evolution affects the economic quality of marine

fisheries and has periodic characteristics.
3 Models, variables, and data

3.1 Model design

We introduce regional industrial structure as an addition

factor in the Cobb–Douglas production function to explore the

impact of the evolution of RISA and RISR on economic

fluctuations in the marine fishery industry. The function is as

follows:

y = A*K
a
*L

b
*S

g (1)

where y is the gross economic product of marine fishery; A

represents marine fishery technology; K is the capital input of

marine fishery; L is the labor input of marine fishery; S is the

regional industrial structure, including RISA and RISR; and a, b,
and g represent the elasticity coefficients of marine fishery

capital, labor force, and regional industrial structure evolution

on the marine fishery industry, respectively, and meet the

condition a + b + g = 1. To improve the accuracy of

measurement, we take the logarithm of both sides of Equation

(1) to obtain the following:
Advancement of 

industrial structure

Rationalization of  

industrial structure

Regional industrial structure

Economy fluctuation 

Economy quality

H1

Marine fishery development

Representation impact 

effects analysis

Representation impact 

path analysis

FIGURE 1

Research design and theoretical hypotheses.
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5 According to the properties of the instrumental variable, the instrumental

variable (Z) should be independent of the error term (e). That is, EN(Z
0e) =

1
N Z0Ê = 0, where Ê is the residual term. The Sargan tests aim to minimize

‖EN(Z
0e) ‖A, where A is a positive semidefinite matrix and A = Var(ze)−1,

estimate the parameters b̂ , and then bring b̂ into ‖EN(Z
0e) ‖ to determine

whether it is equal to 0. If we cannot statistically reject the hypothesis that it

equal to 0, the instrumental variable used is valid; if we can statistically reject

this hypothesis, the instrumental variable used is unreliable.
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lny = lnA + a lnK + blnL + g lnS (2)

We assume that the actual economic input and output are

composed of two parts: the potential part and the difference

between the actual and potential parts. The difference reflects the

economic fluctuations. Then, the indicators of economic output,

labor force, capital input, and industrial structure can be

transformed into two parts as follows:

lny = lny0 + Ly lnL = lnL0 + LL

lnK = lnK 0 + LK               lnS = lnS0 + LS (3)

where lny', lnL', lnK', and lnS' represent the actual output

value, labor and capital input values, and the trend component

of industrial structure, respectively; the potential parts

Ly, LL, LK , and LS represent the difference between the

actual and potential parts of the actual output value, labor and

capital input values, and industrial structure, respectively.

Following Ding and Zhang (2013), we assume that the

industrial structure adjustment occurs in one period. Thus, the

stable value of industrial structure adjustment in period t is

the actual value of industrial structure adjustment in period t-1:

ln S
0
t = ln St−1; then, LSt can be expressed as follows:

LSt = lnSt − lnSt−1 (4)

Because this is an index to measure the speed of industrial

structure change, it can be expressed as

gSt, where g is the rate of regional industrial structure

change. By removing the trend component from Equation (2),

we obtain:

lnyi,t − lny
0
i,t = lnA + a* lnLi,t − lnyL

0
i,t

� �
+ b* lnKi,t − lnK

0
i,t

� �

+ g * lnSi,t − lnS
0
i,t

� �

Lyi,t = lnA + aLLi,t + bLKi,t + gLSi,t

= nA + aLLi,t + bLKi,t + g gSi,t (5)

where i indicates the region. We refer to Fang and Zhan"s

(2011) treatment method to explore the impact of regional

industrial structure evolution on the economic fluctuation in

the marine fishery industry. Specifically, we take the absolute

value of labor, capital, and output fluctuations: wyi,t=|Lyi,t|, wLi,
t=|LLi,t|, and wKi,t=|LKi,t|. Meanwhile, let lnA=b0, a=b1, b=b2,
and g=b3. Finally, adding the intercept term ui and random

disturbance term ϵi,t. of individual heterogeneity to the right-

hand side of the equation, we obtain the following econometric

model:

wyi,t = b0 + b1wLi,t + b2wKi,t + b3gSi,t + ϵi,t + mi (6)

b3 is our main coefficient of interest. If b3<0, the evolution of

regional industrial structure will weaken the economic
Frontiers in Marine Science 05
fluctuations in the marine fishery industry. This phenomenon

is defined as the “mitigating effect.” Meanwhile, If b3>0,
evolution in the regional industrial structure will increase the

economic fluctuations in marine fishery industry. This

phenomenon is defined as the “leverage effect.”

To improve the model"s accuracy, we introduce some

control variables. Referring to Frank (2005), we use the

interaction between economic fluctuation and industrial

structure as a control variable. Further, considering the

dynamic nature of economic development, this study selects a

dynamic model for estimation [Equation (7)]. Finally, to

eliminate the influence of individual effect on the model, we

also use the dynamic difference panel model [Equation (8)].

These models are outlined as follows:

wyi,t = b0 + hwyi,t−1 + b1wLi,t + b2wKi,t + b3gSi,t

+ b4 gSi,t*wyi,t
� �

+ ϵi,t + mi (7)

Dwyi,t = hDwyi,t−1 + b1DwLi,t + b2DwKi,t + b3DgSi,t

+ b4 DgSi,t*Dwyi,t
� �

+ ϵi,t (8)

To avoid the correlation of the random disturbance terms after

the difference, this study introduces the panel robustness standard

deviation in the model estimation. Furthermore, the instrumental

variable method is used to address the endogeneity problem. We

use Baum and Schaffer’s method (Baum et al., 2007) to select the lag

or difference items of independent variables as instrumental

variables. To avoid overidentification, the Sargan tests5 were used

to judge the effectiveness of instrumental variables.

The evolution of regional industrial structure also affects the

economic quality of the marine fishery industry. Extant research

has inconsistent evidence on the impact of industrial structure

evolution on economic quality, with some scholars showing that

that this relationship is non-linear (Deng et al., 2018). To clarify

the nature of this relationship, this study assumes that the

relationship between the evolution of regional industrial

structure and the quality of marine fishery development is

non-linear. We then establish a dynamic panel regression

model with quadratic terms as follows:
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mftfpi,t = a0 + a1mftfpi,t−1 + bilnSi,t

+ gi lnSi,tð Þ2+himftfpi,t lnSi,t + ϵi,t + mi (9)

where mftfpi,t refers to the level of economic quality of the

marine fishery industry in t year of region i, and Si,t is the level of

regional industrial structure in t year of region i, which mainly

includes two indicators: regional industrial structure

advancement (RISAi,t) and regional industrial structure

rationalization (RISRi,t), that is, Si,t={RISAi,t, RISRi,t} . Given

the non-linearity and endogeneity concerns, we use the

generalized method of moments (GMM)6 for estimation of

Equation (9).
3.2 Variable setting

The main dependent variables are economic fluctuation and

economic quality, whereas the main independent variables are

regional industrial structure advancement, regional industrial

structure rationalization, and marine fishery capital and labor

force. The relevant variables are described below.

The fluctuation in the marine fishery economy ( Ly ). The

Hodrick and Prescott (1997) proposed filtering method is used

to separate the logarithm-processed gross marine fishery

production series (lny) to obtain the long-term trend and

periodic component. The periodic component represents the

value of marine fishery fluctuation. As we use annual data, the

conversion factor for the trend component fluctuation is 100.

Marine fishery economic quality (mftfp). It is measured by

marine fishery total factor productivity. Following Gómez and

Maynou (2020) and based on the constant returns to scale (CRS)

model, we use the data envelopment analysis-Malmquist (DEA-

Malmquist) to calculate the total factor productivity. Before

calculating the Malmquist index, we need to objectively select

economic input and output indexes. The input index for marine

fishery mainly includes labor force, capital, technology, fishing

boat, and mariculture area. Marine fishery labor force is

measured by the number of marine fishery employees at the

end of the year. Capital investment is equal to the input of fixed

assets in agriculture, forestry, animal husbandry, and fishery

multiplied by the proportion of marine fishery in the total output

value of agriculture, forestry, animal husbandry, and fishery. The

capital stock is calculated as an input index following Wang and

Han (2017). We measure marine fishery technology investment

by marine fishery technology promotion funds. Fishing boat
6 GMM is a generalization of moment estimation. As long as the

parameters of the model satisfy the moment premise of a certain

characteristic (such as asymptotically independent stationary processes,

orthogonality of instrumental variables, etc.), this method can be used for

regression analysis. This estimation method can not only avoid the

endogeneity problem well but also deal with non-linear data efficiently.

Frontiers in Marine Science 06
input is measured by fishing boat power, and mariculture area is

directly measured by the statistical data in China Fisheries

Statistical Yearbook.

We refer to Wang et al. (2021) to measure RISA and RISR.

We adopt the adjusted Mre’s structural change coefficient for

RISA and the Taier index for RISR. The Taier index and

industrial structure rationalization have an inverse

relationship. The larger RISRi,t , the more unreasonable the

industrial structure. S are measured using interaction terms of

RISA and RISR. The variable classifications, names and codes are

shown in Table 1.
3.3 Data sources

We focused on the 10 coastal provinces, cities, and

autonomous regions of China, including Liaoning, Tianjin,

Hebei, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong,

Guangxi, and Hainan. The sample data are marine fishery

economic data from 2003 to 2020 collected mainly from the

China Fishery Statistical Yearbook, China Agricultural Statistical

Yearbook, and China Statistical Yearbook. Data on seawater

breeding, seafood processing, marine fishing vessel and fishing

machine repair, marine fishing rope and net manufacturing,

marine fishery feed and medicine, marine fishery circulation,

marine fishery (storage) transportation, and marine leisure

fishery are not listed separately in the relevant statistical

yearbook. Hence, we borrow the adjustment method of Wang

et al. (2019b) to calculate these data. Finally, to improve the

accuracy of empirical test by considering the impact of the

inflation rate, we take 2002 as the base period and use the price

index of gross product of fishery to adjust the output value data.
4 Empirical test and result analysis

4.1 Stability test

The Fisher-augmented Dicker Fuller and Levin–Lin–Chu

tests are used to test the stability of the data series. The test
TABLE 1 Categories, names, and codes of related variables.

Categories Names Codes

Dependent variable Economic fluctuation in the marine fishery
industry

Ly

Economic quality of the marine fishery industry mftfp

Independent
variable

Regional industrial structure S

Regional industrial structure advancement RISA

Regional industrial structure rationalization RISR

Marine fishery capital K

Marine fishery labor force L
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results (Table 2) show that wyi,t, wLi,t, wKi,t, RISAi,t, RISRi,t,

g·RISAi,t, g·RISRi,t, g·RISAi,t*wyi,t, g·RISRi,t*wyi,t, lnRISAi,t,

(lnRISAi,t)
2, Mftfpi,t* lnRISRi,t, and Mftfpi,t*lnRISAi,t pass the

5% significance level, which indicates that there is no unit root

in the variable sequence and they are stable and meet the 0-order

integer. However, Si,t, mftfpi,t*Si,t, g·Si,t, g·Si,t*wyi,t, lnRISRi,t and

(lnRISRi,t)
2 are not significant, indicating that there may be a

unit root in the sequence; hence, the unit root test is carried out

after the first-order difference processing. The first-order

difference of these two factors is stable belonging to the first-

order single integer, namely, d.Si,t~I(1), d.(mftfpi,t*Si,t)~I(1),

d.(g·Si,t)~I(1), d.(g·Si,t*wyi,t)~I(1), D.(lnRisri,t)~I(1) and

D.(lnRisri,t)
2~I(1).

Because some variables do not meet the single integer of the

same order, in the model analysis of the impact of RISR on

marine fishery quality, this study follows Zhao and Yu (2012) by

replacing the original data with variable data after the first-

order differenced.
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4.2 Estimation results

4.2.1 The structural impact on marine fisheries’
economic fluctuations

This section mainly uses the differential GMM to test the

impact of regional industrial structure evolution on marine

fishery economic fluctuations in four models. Models 1 and 2

test the impact of RISA and RISR on economic fluctuations,

respectively, whereas model 3 tests the joint effect of RISA

and RISR. Model 4 tests the overall effect of regional

industrial structure on the economic fluctuations of marine

fisheries. Table 3 shows that the overall regression effect of

the model is better and there is no pseudo regression.

Regarding the validity test of instrumental variables, the

corresponding P values of AR (2) and Sargan tests are all

greater than 5%, indicating that the instrumental variables

selected in models 1–4 are effective and there is no problem of

over identification.
TABLE 2 Test results of variable stability.

Variable Fisher-ADF Test LLC Test Testresult

P Z L* Pm Adjusted t*

wyi,t 88.273*** -6.960*** -7.724*** 10.795*** -4.220*** stable

mftfpi,t 95.294*** -7.348*** -8.346*** 11.905*** -6.523*** stable

wLi,t 90.117*** -7.072*** -7.878*** 11.086*** -5.933*** stable

wKi,t 82.148*** -6.630*** -7.180*** 9.827*** -4.309*** stable

RISAi,t 40.8521*** -3.732** -3.702*** 4.088*** -6.382*** stable

TLi,t 41.624*** -2.588*** -2.688*** 3.419*** -5.115*** stable

g·RISAi,t 52.121*** -4.284*** -4.333*** 5.079*** -3.576*** stable

g·RISRi,t 125.368*** -8.607*** -11.011*** 16.660*** -12.817*** stable

g·RISAi,t*wyi,t 78.918*** -6.322*** -6.856*** 9.316*** -10.528*** stable

g·RISRi,t*wyi,t 78.126*** -6.346*** -6.809*** 9.191*** -4.388*** stable

Si,t 27.859 -0.286 -0.308 1.243 2.603 unstable

d.Si,t 61.504*** -4.914*** -5.182*** 6.562*** -2.939*** stable

mftfpi,t*Si,t 43.600*** -1.907** -2.278** 3.731*** -0.120 unstable

d.(mftfpi,t*Si,t) 60.365*** -3.363*** -4.214*** 6.382*** -12.761*** stable

g·Si,t 45.072*** -2.057** -2.413*** 3.964*** 2.329 unstable

g·Si,t*wyi,t 38.373*** -2.086** -2.280** 2.905*** -1.231 unstable

d.(g·Si,t) 98.534*** -6.827*** -8.437*** 12.417*** -2.200** stable

d.(g·Si,t*wyi,t) 164.456*** -9.759*** -14.257*** 22.841*** -8.314*** stable

lnRISAi,t 43.896*** -3.642*** -23.547*** 3.778*** -3.804*** stable

lnRISRi,t 28.852* -0.502 -0.537 1.400* 0.707 unstable

d.(lnRISRi,t) 58.084*** -4.542*** -4.797*** 6.022*** -2.990*** stable

(lnRISAi,t)
2 43.888*** -3.659*** -3.556** 3.777*** -4.028*** stable

(lnRISRi,t)
2 25.678 0.380 0.448 0.898 0.700 unstable

d.(lnRISRi,t)
2 64.3829*** -4.623*** -5.149*** 7.018*** -1.935** stable

mftfpi,t*lnRISAi,t 92.132*** -7.165*** -8.045*** 11.405*** -4.611*** stable

mftfpi,t*lnRISRi,t 60.141*** -5.092*** -5.161*** 6.347*** -2.900*** stable
fro
** and *** represent the 5% and 1% significance levels, respectively. P is inverse chi square transform; Z is the inverse normal transformation; L* is the inverse logic transformation; and Pm is
a modified inverse chi square transform.
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Across the three models, RISA and RISR significantly affect

economic fluctuations in the marine fishery industry. RISA’s

effect is positive, and thus, it amplifies the economic fluctuations.

However, the coefficient of interaction term g·RISAi,t*wyi,t is

negative, which indicates that overall, it may restrain the

economic fluctuations. Furthermore, RISR has a negative

effect, indicating that the improvement of rationalization

degree (RISR decrease) will inhibit the economic fluctuation in

the marine fishery industry. Furthermore, the coefficient of

interactive term g·RISRi,t*wyi,t is positive, indicating that

interactive term can expand the economic fluctuation in the

marine fishery industry. The results from model 3 are largely

consistent with models 1 and 2. In terms of the overall effect

(Model 4), the regional industrial structure evolution has a

positive impact on the economic fluctuations in marine

fisheries, indicating that it can promote the economic

fluctuations, which is consistent with the results of Model 1.

In conclusion, the evolution of regional industrial structure

significantly affects the fluctuations in the marine fishery

economy. RISA’s evolution promotes these fluctuations; that

is, it has a “leverage effect.” Thus, hypothesis H1 is supported. By

contrast, RISR’s evolution restrains these fluctuations; that is, it
Frontiers in Marine Science 08
has a “mitigating effect.” Thus, hypothesis H3 is supported. We

find that while RISR can dampen economic fluctuations, it

cannot eliminate them completely.This confirms that regional

industrial restructuring causes unstable development of the

fishing economy in the short term.

4.2.2 The structural impact on economic
quality of the marine fishery industry

This study uses the dynamic GMM method to test the

impact of the evolution of the regional industrial structure on

the economic quality of the marine fishery industry. Models 5

and 6 test the effects of RISA and RISR on the economic quality,

respectively. Model 7 examines the pathways of regional

industrial structure evolution on the economic quality from

an overall perspective. The regression results in Table 4 show

that the p values of AR (2) and Sargan tests are all greater than

5%, which indicates that the selected variables are effective and

there is no problem of overidentification.

In model 5, whereas RISA and its squared term are both

significant, the former has a negative effect whereas the latter has

a positive effect. This shows that the nature of RISA’s relationship

with the economic quality of the marine fishery industry is “U-
TABLE 3 Impact of regional industrial structure advancement and
rationalization on economic fluctuations in the marine fishery
industry.

Explanatory variable Model 1 Model 2 Model 3 Model 4

wyi,t-1 0.349***
(3.83)

0.174**
(2.03)

0.220***
(2.76)

0.341**
(1.97)

wLi,t -0.160
(-1.24)

0.075
(0.30)

-0.235
(-1.04)

-0.112
(-0.67)

wKi,t 0.155*
(1.65)

0.300***
(3.20)

0.236**
(2.03)

0.219*
(1.90)

g·RISAi,t 0.161***
(2.79)

— 0.299*
(1.79)

—

g·RISAi,t*wyi,t -2.680***
(-4.20)

— -3.220***
(-2.30)

—

g·RISRi,t — -0.381**
(-2.13)

-0.608*
(-1.69)

g·RISRi,t*wyi,t — 5.636**
(2.12)

7.587***
(2.92)

g·Si,t — — — 0.045***
(3.41)

g·Si,t*wyi,t — — — -0.824***
(-5.87)

AR(2) (p-value) 0.127 0.657 0.848 0.219

Sargan test (p-value) 0.139 0.106 0.232 0.642

Number of obs 150 150 150 150
*,**, and *** represent the 10%, 5%, and 1% significance levels, respectively, and z value is
expressed in parentheses. In model 1, the lag order 0-3 of the difference component of
dependent variable(g·RISA) is selected as the instrumental variable. In model 2, the lag
order 4-7 of dependent variables(g·RISR) are used as instrumental variable. In model 3,
the lag order 8-9 of the difference of dependent variables(g·RISR) and the lag order 0-2 of
the difference of dependent variable(g·RISA) are used as the instrumental variable. In
model 4, the lag order 3-4 of dependent variables(g·S ) is used as the instrumental
variable.
TABLE 4 Regression results of the impact of regional industrial
structure evolution on the economic quality of the marine fishery
industry.

Variable Model 5 Model 6 Model 7

mftfpi,t-1 0.001
(0.57)

-0.358***
(-3.11)

0.752***
(10.36)

lnRISAi,t -2.058***
(-2.81)

— —

(lnRISAi,t)
2 0.631**

(2.43)
— —

mftfpi,t*lnRISAi,t 0.532***
(53.24)

— —

d.lnRISRi,t — -0.626**
(-2.09)

—

d.(lnRISRi,t)
2 — -0.261**

(-2.33)
—

mftfpi,t*lnRISRi,t — -0.321***
(-7.51)

—

d.Si,t — — 0.167***
(3.04)

d.(Si,t)
2 — — -0.105**

(-0.232)

mftfpi,t*(Si,t) — — -0.222***
(-12.67)

AR(2) (p-value) 0.109 0.206 0.592

Sargan test (p-value) 0.427 0.948 0.587

Number of obs 150 150 150
fron
*,**, and *** represent the 10%, 5%, and 1% significance levels, respectively, and the z
value is expressed in parentheses. In model 5, the lag order 4-8 of the difference of
dependent variable is selected as the instrumental variable, while in model 6, the lag order
7-9 of the difference of independent variable(lnRISR) are used as instrumental variables.
In model 7, the lag order 2-7 of the difference of dependent variable(mftfpi*S) is selected
as the instrumental variable.
tiersin.org

https://doi.org/10.3389/fmars.2022.944630
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Wang et al. 10.3389/fmars.2022.944630
shaped.” Thus, hypothesis H2 is supported. Meanwhile, in model 6,

RISR and its squared term both significantly and negatively affect

the economic quality of themarine fishery industry. This shows that

RISR has an inverted U-shaped relationship with the economic

quality of the marine fishery industry. Thus, the “structural

dividend” of RISR on the improvement of the economic quality

seems to vary across stages, thereby supporting hypothesis H4. The

results of Model 7 showed that the primary and secondary terms of

the regional industrial structure passed the significance level tests of

1% and 5% respectively. The estimated value of the primary term

coefficient is positive, indicating that the regional industrial

structure evolution is beneficial to improving the economic

quality. The estimated coefficient of the secondary term is

negative, indicating that the impact passway of regional industrial

structure on the economic quality is an inverted U-

shaped relationship.
7 According to the results of model 4 in Table 4, RISA's value at the

vertex can be calculated as follows: ln RISA = −[−2.058/(2×0.631)] = 1.631,

RISA=e1.631=5.108

8 From the results of model 5 in Table 4, RISR's value at the vertex is

calculated as follows: ln RISR =−{(−0.626)/[2×(−0.261)]}=−1.199, RISR =

e-1.199 = 0.301.
5 Discussion

5.1 Effect of regional industrial structure
evolution on economic fluctuations in
the marine fishery industry

Our results show that the evolution of regional industrial

structure can cause the economic fluctuations in the marine

fishery industry. The mechanism is shown in Figure 2.

Specifically, RISA’s evolution not only attracts capital, science and

technology, talents, and other marine fishery resources from the

fishery system to non-fishery industries but also reduces the total

amount of marine fishery resources. This weakens the development

capacity of marine fisheries and dampens the speed of development.

However, it can promote the advancement of the internal industrial

structure of marine fishery and stimulate technological innovation

and progress in the industry. Technological progress will accelerate

the industrialization and service-oriented development of marine

fisheries and promote the industry’s transformation from being

resource intensive to capital and technology intensive. Meanwhile,

greater fishery mechanization and intelligent operation abilities will

also lead to the emergence of a surplus labor force, which can be

absorbed in the non-fishery industries due to changes induced by

RISA. In addition, RISA’s evolution will accelerate the development

of science and technology, information, and other service fields. All

these activities can cause the economic fluctuations in the marine

fishery industry.

Next, RISR’s evolution has an inhibitory effect on these

economic fluctuations. This is because RISR can coordinate the

allocation of marine fishery resources or production factors in

various industries and promote the marine fishery industry’s

development from an unbalanced state to a balanced state,

thereby inhibiting the fluctuations. RISR’s evolution can guide

some non-fishery production factors or resources, especially

advanced scientific and technological resources or human capital,
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into the marine fishery industry. This will promote the industry’s

development and thus weaken economic fluctuations. Meanwhile,

this evolution will accelerate the flow of regional economic

resources or production factors, promote the exchange of

information and technology between different industries, guide

the flow of advanced production technologies (such as seedling

technology, seafood-intensive processing technology, cold chain

logistics technology, etc.) into marine fisheries, and improve the

market competitiveness and technological strength of marine

fisheries. This will mitigate the issues of market information

asymmetry and low technology level of marine fisheries. These

will promote the stable development of the industry.
5.2 Effect of regional industrial structure
evolution on economic quality of the
marine fishery industry

First, RISA has a U-shaped relationship with the economic

quality of the marine fishery industry. When RISA value is less

than 5.108,7 it will inhibit the improvement of the industry’s

total factor productivity, diminishing the “structural dividend.”

RISA’s 8evolution can attract the surplus labor due to the

upgrading of the fishery industry and relieve the pressure on

fishermen to switch industries. However, it will also attract

marine fishery science and technology resources, human

capital, and other resources into the non-fishery industries

with high productivity or growth. Consequently, the loss of

these high-quality resources will greatly hinder the development

of marine fishery economy. This is not conducive to the

innovation and progress of marine fishery technology and,

ultimately, will reduce the total factor productivity of marine

fishery. Thus, at a low level of RISA, the negative effect of RISA’s

evolution is greater than the positive effect; that is, RISA’s

evolution of RISA is not conducive to the improvement of the

economic quality of the marine fishery industry.

When RISA value is greater than 5.108, RISA’s evolution

promotes the industry’s total factor productivity, yielding the

“structural dividend.” RISA’s evolution can promote the

improvement of regional science and technology innovation

ability. Technology diffusion and spillover will also increase, with

new scientific and technological achievements being applied to the

marine fishery industry. This will reinforce the feedback effect of
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science and technology on the marine fishery industry. Meanwhile,

greater cooperation between scientific research departments will

further improve the scientific and technological innovation ability

of the marine fishery industry. Overall, the continuous progress of

fishery technology will help improve the marine fishery industry’s

total factor productivity. The transmission effect of RISA’s evolution

will promote advancement of the industry’s internal industrial

structure, driving the self-innovation of technology. The

application of new technology will improve the economic quality

of the marine fishery industry.

Interestingly, all sampled areas show RISA values greater than

5.108 (Figure 3). This indicates that RISA’s evolution has a

substantial impact on improving the economic quality of the

marine fishery industry at the current stage. Hence, with further

improvement in RISA, the “structural dividend” will

gradually increase.
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Second, RISR’s relationship with the economic quality of the

marine fishery industry is “inverted U-shaped.”When RISR level

reaches 0.3018, RISR’s promotion effect is the highest; at this

point, the more reasonable the industrial structure is, the higher

the economic quality of the marine fishery industry. Then,

improving the industry’s total factor productivity has a

dynamic equilibrium effect of industrial structure (Li, 2017).

Thus, RISR has a phased effect on the “structural dividend” and

there is an optimal level of rationalization. Rather, excessive

rationality or irrationality of the regional industrial structure can

reduce the marginal efficiency of resource elements.

According to data from 2003 to 2020, the Taier index of

China and its coastal areas shows a downward trend (Figure 4),

indicating that RISR is constantly improving. In 2003-2020,

China's RISR average was 0.364 and higher than the optimal

level of 0.301. Hence, this indicated the need to continuously
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FIGURE 3

Changes in RISA in China and its coastal regions from 2003 to 2020.
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The underlying mechanism of RISA on economic fluctuations in the marine fishery industry.
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optimise the RISR of China's marine fisheries to reach optimal

levels and gradually release structural dividends. In terms of

regions, these regions were not at the optimum level of structural

rationalization from an average data (2003-2020) or data for

2020. RISR needs needs further adjustment. Hence, we speculate

that RISR's evolution will have a potential "structural dividend"

for improving economic quality in these regions.
6 Conclusion

This study analyzes the impact of regional industrial

structure's evolution on the fluctuation and quality of the

marine fishery economy from the RISA and RISR . The results

show that the regional industrial structure's evolution is an

important factor. It can cause fluctuations in the marine

fisheries economy and improve the economic quality in the

long term. The impact of RISA and RISR on economic

fluctuations and economic quality in marine fisheries is

differentiated. RISA causes economic fluctuations in the

marine fishery industry, which has an obvious “leverage

effect.” Further, RISA’s impact path on marine fishery quality

is “U” shaped. In addition, all RISA values for the selected

sample areas exceed 5.108. This indicates that RISA’s evolution

has a “structural dividend.” Meanwhile, RISR’s evolution has a

significant “mitigating effect” on the fluctuations in the marine

fishery economy. Further, its impact path on marine fishery

quality is “inverted U” shaped. This indicates that RISR has an

optimal level at which it has a significant impact on the

improvement of marine fishery quality; thus, if the marine

fisheries economy quality is to be improved, we should not be

deliberately pursued at highest level of structural rationalization,

but at its optimum level. Too low or too high a level of

rationalization is detrimental to the quality of fisheries.
Frontiers in Marine Science 11
In general, RISA’s evolution can improve the quality of the

marine fisheries industry despite the fluctuating economic

development. Meanwhile, RISR’s evolution can weaken these

fluctuations through firm and technological transformations;

however, excessive pursuit of structure rationalization is not

conducive to improving the quality of the marine

fisheries economy.
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