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Abstract
In the post-COVID-19 period, the regional economic development gap in Guangdong
has expanded and the risk has increased. This is not conducive to building a well-off
society in Guangdong in an all-round way. Optimizing the industrial structure, chang-
ing the mode of economic growth, preventing regional economic risks, and narrowing
the regional economic development gap are the focus of Guangdong governments at
all levels. Based on a two-sector economic growth model, the paper uses descriptive
statistics and Deng’s grey correlation method to analyze the economic development
panel data of 21 prefecture-level cities of Guangdong Province from 2011 to 2018,
analyzes the characteristics of regional economic development in Guangdong, and
makes experimental research of the effect of industrial structure optimization and
economic development factors on economic growth in Guangzhou, Zhongshan, Shan-
tou, Maoming and Meizhou at different stages of development. The results show that:
there are differences in the industrial structure and the level of economic development
in different regions; the rationalization of industrial structure and upgrading of the
industrial structure has an impact on economic growth and show different features
during different stages; in different stages of economic development, foreign trade,
scientific and technological innovation are the main factors affecting regional eco-
nomic growth. This paper holds that the northwest of Guangdong Province and the
Pearl River Delta should formulate industrial structure adjustment policies to promote
the rationalization of regional industrial structure, expand foreign trade channels and
innovate financing mechanisms, and restrain regional economic risks in combination
with regional characteristics. The new development pattern of domestic and interna-
tional dual circulation and mutual promotion, further expands the level of opening up,
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effectively playing the role of free trade pilot areas, free trade ports, special economic
zones, development zones, bonded areas, and other frontier highlands, improve the
level and capacity of foreign trade.

Keywords Relevance · Regional economic growth · Industrial structure
optimization · Economic development factors · Rationalization · Economic risks ·
Mutual promotion

1 Introduction

Since the reform and opening up 40 years ago, Guangdong has witnessed rapid
economic and social development and has become a pioneer in national economic
development. Behind the rapid development, there are hidden disadvantages. The
imbalance of regional economic development has become the bottleneck restricting
the further economic development of Guangdong, which is not conducive to building
a well-off society in Guangdong in an all-around way. Next, how can Guangdong
develop to further reduce the unbalanced pattern of regional economic development?
During the two gatherings of the National People’s Congress in 2018, Xi Jinping pro-
posed that Guangdong should be at the forefront of the country in 4 aspects, namely,
"building a system and mechanism for promoting high-quality economic develop-
ment, building a modern economic system, forming a new pattern of comprehensive
opening up, and building a pattern of co-construction, co-governance, and sharing of
social governance".

The 2,019 central economic work conferences pointed out that stimulating domes-
tic demand, narrowing the regional development gap, and boosting the development
of the Guangdong Hong Kong Macao Greater Bay area has become an important
engine for high-quality economic development. This is a new mission, new journey,
new era, new starting point, and new hope. At present, China’s economy is evolving
towards a stage of high-quality development. To solve the bottleneck and restriction of
high-quality development, we must optimize the economic development factors and
industrial structure, and build amodern economic system. In the post-epidemic period,
the relevant economic indicators showed that the regional economic development gap
in Guangdong was facing an expanding trend and the regional economic develop-
ment risk was facing an increasing trend. Thus, it is of analyzing regional economic
development, industrial structure optimization, and risk prevention are of excessive
importance industrial structure enhancement as well as improvement alludes to the
proactive, proactive, and consequential actions were taken by local government enti-
ties to update the greatest companies in light of the manufacturing material’s attributes
and the economic development procedure’ limitations, thereby promoting the growth
of many other companies. It plays a very important economic growth in the produc-
tion factors of the evolutional structure of the growth of the labor force. This empirical
result analyses the counter of the effect of the intermediatory of the structure opti-
mization on economic growth. The allocation of the labor force in the valuable cost
reduction will be in the high wage given by the industry. The conclusion shows the
optimization industry and the economic growth which depends on the cross-industry.
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The research contribution is to make the development of the regional economic
risk prevention to the post-COVID of the empirical analysis based on the regional
economy. Of the two-sector economic growth. The stages of economic growth will be
made by the regional conception of the final growth. The danger has escalated and the
regional economic growth gap in Guangdong has widened since COVID-19. The eco-
nomic growth secondary information of 21 prefecture-level cities from 2011 to 2018
are examined in this research using summary statistics and Deng’s grey correlation
approach. The findings demonstrate that various locations have varied industrial struc-
tures and strategic economic levels. The key variables influencing regional economic
expansion are international commerce and scientific and engineering development.

The organization of the paper is as follows: Sect. 1 starts with the introduction
section which contains the basic information; Sect. 2 describes the literature review;
Sect. 3 shows the theoretical framework and impact mechanism; Sect. 4 illustrates
the regional economic industrial structure and spatial characteristics; research design
and empirical analysis are depicted in Sect. 5 and 6 respectively; Sect. 7 clarifies
the regional economic risk monitoring; Sect. 8 specifies the regional economic risk
prevention and control strategy; finally the conclusion is stated in the entire paper.

2 Literature review

The interaction between the optimization of industrial structure and regional economic
growth is becoming more and more obvious, which is valued by many domestic and
foreign scholars (Cai 2015). At present, the academic research results on industrial
structure mainly focus on the following 2 aspects: (1) research on the relationship
between regional economic growth and industrial structure optimization. Baumol
(1967) found that, based on the Pythagorean law, with the economic development
and the growth of per capita national income, the labor force will first transfer from
the first industry to the second industry, and then to the third industry, and the indus-
trial structurewill be continuously optimized. Boppart (2014) studied the total amount,
speed, and industrial structure of economic growth and found that there is a signifi-
cant connection between regional economic growth and industrial structure. Rostow
(1959) believed that economic growth includes not only the growth of total amount
but also the change of industrial structure, which is the essence of economic growth.
Lin (2011) analyzed the relationship between economic growth and industrial struc-
ture by using the Leontief input–output method, and revealed the internal relationship
between various sectors of the national economy and industrial structure. Park (1989)
and Peneder (2003) based on Chenery’s theory, the relationship between the evolution
of industrial structure and economic growth is revealed through empirical research.
According to the per capita GDP, the process of the evolution of industrial structure
and the change of economic growth is divided into 3 stages and 6 periods.

The relationship between the level of economic development and industrial struc-
ture is clarified, and it is pointed out that the transition from the lower stage to the
higher stage is through the industrial structure upgrade to achieve (Park. 1989; Peneder
2003). Scholars represented by Fagerberg, (2000), Wang et al. (2020), Li (2018), and
Harrigan (1997) have conducted observed investigations on the association betwixt
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industrial structure as well as economic progress from multiple perspectives by using
econometric models; (2) research on the influencing factors of industrial structure
optimization. Lee (2001), etc. considered the connection between financial develop-
ment and industrial structure optimization through the input–output table, production
function, and comparative analysis; Scholtens and Dam (2007), Qu and Lee (2015),
etc. analyzed the impact of technological innovation on industrial structure optimiza-
tion by using the panel smooth model; Acemoglu and Guerrieri (2006) and others,
Using the research theory of new structural economics, comprehensively analyzed the
impact of the term of office of the provincial and ministerial level officials and above
on the modifications in the industrial structure of the jurisdiction, and found that the
provincial officials can lead the upgrading of the industrial structure of the jurisdiction
in the short term. LeSage and Pace (2008) and others studied the spatial effect of the
consumption structure of residents on the industrial structure and economic growth
and found that the optimization of the consumption structure of residents can promote
the optimization of the industrial structure. Aghion et al. (2014) and others studied the
impact of financial structural adjustment on industrial structure based on the perspec-
tive of industrial correlation and found that the financial structural adjustment between
industries can significantly drive the adjustment of industrial structure and promote
the upgrading of industrial structure.

The above research results have laid a good foundation for this study, but there are
still shortcomings. Most of the scholars’ research on regional economic growth and
industrial structure optimization mainly focuses on the aspects of theory, empirical
level, and the influencing factors of industrial structure optimization. The research on
the regional economic development factors, economic development level, and indus-
trial structure development characteristics combined to analyze the regional industrial
structure optimization are relatively few. Regarding the research model of Chen et al.
(2016), this paper selects cities at different stages of economic development as sam-
ples, uses Deng’s grey correlation analysis method, focuses on regional economic
growth, industrial structure optimization, and risk prevention in Guangdong Province,
and explore the role of industrial structure and economic development elements in
regional economic growth in different regions and at different stages of development,
to provide decision-making support for narrowing the regional development gap.

The optimization of text mining will be able to maintain the commercial threats to
make the airline industry to make optimization. Which makes the global COVID-19
pandemic activation industry. In past, the activation industry makes the shapes of the
academic solution to COVID 10. Here this monitoring of the business trends makes
the formation of the glass median solution. The monitor dynamic trends will become
the formation of the things in the selection process of the activation industry (Atay
et al. 2021). According to COVID-19, the pandemic situation plays a huge loss to
investors and faced heavy losses in the industry in the business field. The ANN for the
low accuracy solution may be the best artificial intelligence network with the largest
profit (Dube et al. 2021).
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3 The theoretical framework and impact mechanism

3.1 Theoretical framework

The paper draws on the dual economic theory framework and establishes an economic
growth model that includes both traditional and modern industrial sectors. A dual
economy is one in which there are two different categories of economic sectors. This
entails a segment of the industry with a capitalist foundation (geared toward global
markets) agriculture industry that requires a lot of labor (low productivity, geared
towards subsistence farming or local markets). A theory of economic growth known as
theDual Sector Approach proposes that extra labor from the old farming production be
shifted to the contemporarymanufacturing industry,where expansion through duration
consumes the extra labor, fosters modernization, and fosters long-term progress. A
society wherein various stakeholders coexist peacefully is referred to as a socialist
system or dual system.

The traditional sector focuses on agricultural production, through non-skilled labor,
assuming actual output isYc; themodern sector refers to production in industry, service
industry, through non-skilled labor and skilled labor, assuming actual output is Ym ;
then total output is Y = Yc + Ym . The primary variation betwixt skilled labor besides
unskilled labor is that skilled labor needs additional abilities. Furthermore, because of
all the technological advancements that have been achieved, there is a larger demand
for skilled personnel than for unskilled labor. Production factors include capital C,
unskilled labor Nc, and skilled labor Nm . It sector which produces goods and processes
industrial operations in the formwhich has been used from ancient times or the process
used for a long period without any corrections in the process. Now using Ac and Am to
indicate the production technology level of the two industry sectors, and using Ncc and
Ncm to represent the number of non-skilled and skilled employees in the traditional
department; Nmc and Nmm represents the number of non-skilled and skilled employees
in the modern sector. The production function of the two production departments can
be expressed as:

Yc = AcF(Cc, Ncc, Ncm); Ym = AmH(Cm, Nmc, Nmm) (1)

The traditional sector only needs non-skilled labor, which Ncm represents the
amount of skilled labor, in the traditional sector, it measures the degree of mismatch of
human resources. The modern sector requires both high-productivity skilled workers
and low-productivity unskilled workers. it is stated as a modern sector because some
changes were made in the traditional process to make it easy and also to reduce human
efforts.

Figure 1 shows economic development analysis using Description statistics and
Deng’s grey correlation method. The entropy weight technique is employed to syn-
thesize the overall impact level of multiple key elements after the statistical analysis
of every influential component index as well as the selection of pertinent data using
the grayscale relationship level technique. It is considered that the marginal output
impact governs how much employees in both industries earn. These modifications
to sources will only have a modestly favorable impact on outcomes, according to the
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Fig. 1 Economic development analysis

rule of decreasing allocative efficiency. Asmanufacturing continues, every succeeding
device will therefore record a little lower production yield than the component before
it. The expected profit production of labor (or MRPL), which measures the fluctuation
of income (instead of total production) when one more worker is given as well as all
other parameters stay unchanged, uses the cost of production as a crucial component.

According to the above logic, in the traditional sector, non-skilled and skilled work-
ers are engaged in simple labor, so the wages are the same: wcc = wcm ; In the modern
sector, the marginal output of unskilled and skilled workers is different, so the wages
are different. The wages of unskilled workers are equal to the wages of unskilled
workers in the traditional sector:wmc = wcc = wcm ; Skilled workers have higher
productivity, higher marginal output, and higher wages than unskilled workers and
skilled workers in the traditional sector, that is wmm > wmc = wcc = wcm . Semi-
skilled work is frequently contrasted with skilled work and unskilled work. Unskilled
labor describes occupations that don’t need any education or training. Nevertheless,
positions requiring both specific abilities as well as extensive training are referred to
as qualified workers.
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According to economic theory, the wage differential is the main factor affect-
ing the transfer of labor resources from the traditional sector to the modern sector.
The Labor Force Research’s prevalent wage levels, as well as socio-economic vari-
ables (including unemployment, economic growth, or net region private consumption,
among another), are used to set remuneration, that improves protections for workers.
A higher capital-labor ratio boosts work efficiency, boosts manufacturing profitabil-
ity, lowers operational costs, as well as enhances customer satisfaction. A company
reaches stability over the long term whenever it modifies one or more of its facilities
to the process of generating at the least position on its long-run Average Cost (AC)
graph. The quantity demanded is determined by the pricing model and this curva-
ture is adjacent. In the long term, a company just makes standard returns. This paper
assumes that the wage ratio of the two sectors is μ = wmm

wcc
when the economy is in

long-term equilibrium. The overall product should be comparable to the price and also
the average production expense for a company to reach medium to long-term stability.
Consequently, LMC = LAC = P. The company modifies the capacity of its facility to
generate a production level where the LAC is at a minimum. At the time wmm

wcc
> μ,

skilled workers in the traditional sector would move to the modern sector. indicates the
probability of transfer of skilled workers from traditional sectors to modern sectors,
and p is positively related to the wage ratio of the two sectors, expressed as (Pan et al.
2021; Setiawan and Putro 2021):

p =
θ
(

wmm
μwcm

− 1
)

1 + θ
(

wmm
wcm

− 1
) (2)

θ is the speed at which the economic system adjusts to a long-term equilibrium. The
quantitative relationship between the wages of the two departments can be obtained
by (3):

wmm = wcmμ

[
1 + 1

θ

(
p

1 − p

)]
= wccμ

[
1 + 1

θ

(
p

1 − p

)]
(3)

In a perfectly competitive market, capital can flow freely between different sectors.
Under equilibrium, the profits of the two sectors are determined by marginal effects
and are equal: b = bc = bm . Regardless of the asset depreciation rate, the actual
national income can be expressed as:

Y = wccNcc + wcmNcm + wmcNmc + wmmNmm + bcKc + bmKm
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Marginal effects describe how a regression coefficient (explanation factor) impacts
the target variable (result). Presumably, other variables will stay unchanged. When-
ever examining the outcomes of logistic regression, marginal impacts are frequently
estimated. Both the wage level and the capital profit rate are caused by the marginal
effect. This paper determines that the share of labor, and capital in actual national
income, and the actual growth rate of national income are (Yahya et al. 2022):

ξ = wccNcc + wcmNcm + wmcNmc + wmmNmm

Y
; 1 − ξ = bcKc + bmKm

Y
(4)

Ẏ

Y
= c

Ẏc
Yc

+ (1 − δ)
Ẏm
Ym

= δ
Ȧc

Ac
+ (1 − δ)

Ȧm

Am
+ (1 − ξ)

(
K̇a

K
+ K̇m

K

)

+ wccN

Y
g
Ṅcc

N
+ wccN

Y
g
Ṅmc

N
+ wmmN

Y
g
Ṅmm

N
(5)

Among them, δ = Yc
Yc+Ym

is the ratio of the actual output of the traditional sector to
the total output, and (1− δ) is the proportion of the actual output of the modern sector
to the total output. Let τ = wccN

Y , υ = Nmm
N , and substitute (3) into (5), to obtain:

Ẏ

Y
= δ

Ȧc

Ac
+ (1 − δ)

Ȧm

Am
+ (1 − ξ)

K̇a

K
+ τ

Ṅ

N
+ τ υ̇(μ − 1) + τμυ̇

p

θ(1 − p)
(6)

According to (6), regional economic growth is the result of the combined effects of
three effects:➀ τ υ̇(μ−1)+τμυ̇

p
θ(1−p) , the regional economic growth effect reflecting

the adjustment of industrial structure. Because of τ > 0, θ > 0, μ > 1,0 < p < 1,
the size of this part is a Positive correlation with υ̇. υ = Nmm

N refers to the proportion
of skilled workers in the modern sector, and υ̇ is the derivative of υ.
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The contemporary sector has better productivity than the conventional sector. There-
fore, the industrial structure adjustment accelerates the transfer of skilledworkers from
the traditional sector to the modern sector, that is, increasing the proportion of skilled

workers can achieve economic growth. ➁ δ Ȧc
Ac

+ (1− δ) Ȧm
Am

represents the growth rate
of productivity of the entire economy and is the weighted average of the total factor
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productivity of the traditional and modern sectors according to the actual output; ➂

(1 − ξ) K̇a
K + τ Ṅ

N is the weighted average of the proportion of the growth rate of the
production factor in the actual total output.

3.2 Impact mechanism

The use of a mechanism has reduced the effort of humans, increased the productivity
of laborers by increasing production, reduces cost, and made the goods cheaper, when
there is an increase in demand then more employers were used to increase the produc-
tion to meet the demand. The above theoretical model reflects that the driving force
of regional economic growth comes from three effects, which affect plays a decisive
role in economic growth?

According to a structuralist concept, a significant amount of industrial framework
transformation will lead to a rapid amount of economic aggregation development, and
the high effects of investment aggregation development should result in a high rate of
industrialization transformation. The structuralist type of theory maintains that indi-
vidual conduct should be comprehended in the framework of the social framework,
or architecture, in which it exists. Structuralism is also known as a macroeconomic
concept. Individuals are the consequence of the societal circumstances wherein they
exist, not merely autonomous agents exercising autonomous decisions. Symbolism
and symbolization are the two components that they possess. signifying is the actual
element and symbolized is the psychological side. It has expanded languages into fur-
ther semantic fields. Overall, structuralism is a technique for determining the internal
principle or organization of generic concepts. The Structuralist method will contain
the specified structure and the framework which helps to build the entire concept,
this helps in understanding the full concept the process begins with understanding the
subsets and determining the fitness of the concept into the structure. Consequently, for
late advanced economies to expedite economic growth, the infrastructure must alter
and optimized.

The structuralist theory holds that the high conversion rate of the industrial struc-
ture will lead to a high growth rate of the economic aggregate, and the high growth
rate of the economic aggregate should lead to a high conversion rate of the industrial
structure, this approach is much important for identifying the task and the process of
analyzing the identified task with the smallest part of experience, idea or with any of
the events. Therefore, the change and optimization of industrial structure is the essen-
tial requirement for late developing countries to accelerate economic development.
The classical economic concept was formed not long after free market capitalism first
emerged. It discusses the predominant system of theoretical framework in the eigh-
teenth and nineteenth centuries. It aided nations in their transition from monarchical
to self-regulatory capitalism democracy.

The classical theory of industrial economics holds that the adjustment and opti-
mization of industrial structure is the internal demand and the main driving force of
economic growth. There is a significant difference in productivity between industrial
sectors. When the production factors such as capital, labor, technology, and infor-
mation are transferred from low-productivity or low-productivity growth sectors to
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high-productivity or high-productivity growth sectors, the resulting "structural divi-
dend" is an important source of rapid economic growth. In the early stage of reform
and enlargement, the involvement of total factor productivity in economic growth is
likely to be inferior to the contribution of industrial structure changes brought about
by market-oriented improvements to economic development. With the deepening of
reform and opening up, the benefits brought about by industrial restructuring may
be Slowly decreasing, and the contribution of total factor productivity to economic
growth will gradually emerge. According to the neoclassical economic growth theory,
the production factor input has the law of diminishing marginal output.

According to the hypothesis, the three components of labor, investment, and inno-
vation contribute to economic development. Even if an industry has a finite amount
of labor and material assets, innovation may nonetheless make a limitless effect on
profitability. Beneath the dual constraints of possessions as well as the environment,
sustained and fast economic expansion will not depend solely on the input of produc-
tion factors, but can only be accomplished by upgrading the total factor productivity.
Themain reason is that industrial restructuring is a process of "creating and destroying
coexistence": on the one hand, production factors are re-configured due to industrial
restructuring and optimization, and the transfer from low-productivity to productiv-
ity is accelerated, and resource re-allocation will accelerate the progress of emerging
industries and modern service industries, thereby increasing economic growth rate; on
the other hand, industrial restructuring is usually accompanied by a sharp shift in prod-
uct structure between industries and between companies, the continuous improvement
of capital composition, and rapid decline in traditional industries. The recession, in
turn, reduces the space for productivity gains and reduces the rate of economic growth.
Reduce the immense amount of money out of its recoverable amount (whatever they
anticipate to be valued after its useful life) to determine degradation by employing
the straight-line technique. The quantity that may be discounted, or the depreciation
expense foundation, is the outcome. Subtract this sum from the financial period, which
is measured in decades. TFP cannot be broken down into various performances. Total
factor productivity is increased by technology, investments in much more competitive
industries, and socioeconomic strategies that encourage competitiveness and liberal-
ization.

Chenery’s theory of industrialization pointed out that the importance of the impact
of economic structural changes on economic growth varies with the level of devel-
opment. According to Chenery’s model, economic progress refers to a series of
interconnected adjustments in a lesser developed allocative efficiency growth frame-
work that is necessary for the economic system to transition from intensive agriculture
to a manufacturing one to sustain expansion as well as the concentration of both intel-
lectual and structural capital. Applying these concepts, offered five stages that all
nations must undergo to become established: Conservative society is the first factor,
followed by take-off circumstances, take-off, driving to adulthood, and a period of
strong consumer society. In the stage of large-scale industrialization, the driving force
of economic growth comes from improving the marginal product and output elasticity
of various production factors through optimizing and adjusting the allocation structure
of production factors, mainly as follows: (1) wage levels and production efficiency in
the two sectors. The overall production rises at an accelerated speedwhile themarginal
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revenue product is rising. If a company is planning on producing anything, it wouldn’t
wish to manufacture it while the consumer surplus is rising because by hiring more
people, their cost per unit of production would go down. The valuation of an input’s
marginal utility is what this residual output of an advances in the development even-
tually as well as the concept of allocation that resulted in claims that every kind of
resource would be compensated at the price of its parameter variations.

In the context of a huge gap, industrial restructuring has accelerated the
probability(p) of skilled workers moving from traditional to modern sectors, thereby
increasing the proportion(υ)of skilled workers in the modern sector and reducing the
wage gap(μ) between the modern sector and the traditional sector, this process has
released sufficient "demographic dividend"; (2) higher industrial growth rate is con-
ducive to the accumulation of human capital and physical capital, and gradually form
a low-cost industrialized development model that utilizes sufficient labor resources. In
the end, the "structural dividend" of industrial restructuring has becomemore andmore
significant. However, the "structural acceleration" of the economy during the industri-
alization period itself implies the inevitability of "structural deceleration". This trend
has become more pronounced by demographic changes, industrial restructuring, and
economic growth stages: on the one hand, in the modern sector and the traditional
sector, the wage gap (μ) is narrowing, and the "demographic dividend" is gradually
decreasing.

On the other hand, in the process of the slowdown of large-scale industrialization
expansion and the trend of urbanization becoming mature, the elastic parameters of
capital contribution to economic growth are from high to low. Reversal is because
the growth rate of capital has shown a significant "inverted U-shaped" development
trend with economic development. Therefore, as the industrialization stage changes
to the urbanization stage, the economic growth momentum also shifts from industrial
restructuring to total factor productivity. The majority of the people who lost their jobs
as a result of industry reorganization also moved to other fields. Whereas this strategy
of redistribution led to substantial advances in efficiency (as well as a decrease in
the percentage of labor) in businesses that were laying off employees, it also caused
extended periods of unemployed for those who were relocated. In the urbanization
development stage, the growth rate of productivity determines the potential for sus-
tainable economic growth (Zheng et al. 2014).

4 The regional economic industrial structure and spatial
characteristics

In the past 40 years of reform and opening up, China’s economic aggregate has
increased from 367.88 billion yuan in 1978 to 88.443 trillion yuan in 2018. With
the continuous growth of the economic aggregate, the gap in regional development
has been expanding. In one of China’s more developed provinces, Guangdong, the
phenomenon is particularly serious. The spatial structure is determined by the dis-
tribution of economic activities in a particular territory namely Guangdong, thus
Guangdong’s regional spatial structure might be analyzed from the morphological
perspective. Because of this, spatial relates to location and timing pertains to period;
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as a result, spatial–temporal is only utilized for research methodology whenever the
information is gathered depending on both time and space.

The total GDP of Guangdong Province increased from 18.585 billion yuan in 1978
to 972.778 billion yuan in 2018. The total GDP has ranked first in the country for 29
consecutive years. The three industrial structure ratios in Guangdong Province were
adjusted from 29.7:46.6:23.6 in 1978 to 4.0:41.8:54.2 in 2018.

The Index of Industrial Production (IIP) is a measure of the pace of economic
development experienced by various industry sectors over a set period. The Central
Statistical Organization (CSO) calculates and releases the IIP indicator once a week.
The academic circles generally use the industrial optimization index to measure the
optimizationdegree of industrial structure, that is, the proportionof the tertiary industry
and the secondary industry. The higher the proportion is, the better the industrial
structure is (Gan Chunhui 2011; Pang and Yang 2020). In 2018, China’s industrial
structure optimization indexwas 1.23,while the industrial structure optimization index
in 1978 was 0.51, so the industrial structure has been greatly optimized. The spatial
characteristics of Guangdong province are density, pattern, and concentration.

At present, the economy of Guangdong Province has remained stable overall, but
it also faces many difficulties. In particular, the economic gap between the Pearl River
Delta region and the eastern, western, and northern regions of Guangdong has been
increasing, regional development imbalance is serious.

4.1 Spatial distribution characteristics of regional economic development
in Guangdong Province

4.1.1 The difference in regional GDP of Guangdong Province

According to different research needs, there are many division methods in Guangdong
Province, such as dividing Guangdong into Pearl River Delta city group, mountain
city, an eastern coastal city, and western coastal city; Economically developed areas
and economically underdeveloped areas; Guangfu Cultural District, Chaoshan Cul-
tural District, Hakka Cultural District, and Leizhou Cultural District, etc. To analyze
the development of each regionmore specifically, the geographical location and devel-
opment status of 21 prefecture-level cities are fully considered. The four areas that
makeup Guangdong Province are listed in Table 1 as the Pearl River Delta, Western,

Table 1 Division of the Pearl RiverDelta region and the eastern,western, and northern regions ofGuangdong

Regional City

Pearl River Delta region Guangzhou, Shenzhen, Zhuhai, Foshan, Jiangmen, Huizhou, Dongguan,
Zhongshan, Zhaoqing

East Guangdong Jieyang, Shantou, Chaozhou, Shanwei

Western Guangdong Zhanjiang, Maoming, Yangjiang

North Guangdong Shaoguan, Heyuan, Qingyuan, Meizhou, Yunfu
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Northern, and Eastern Guangdong.
Analysis of the economic development data of Guangdong Province from 2011 to

2018 shows that the total economic output of the nine cities in the Pearl River Delta
region in 2018 far exceeds 12 cities in the eastern, western, and northern regions.
The GDP of 12 cities in the eastern, western and northern regions accounted for only
19.8% of the province’s GDP, while the GDP of the nine cities in the Pearl River
Delta region accounted for 80.2% of the province’s GDP; According to Table 2, the
economic disparity betwixt the Pearl River Delta and Guangdong’s eastern, western,
and northern areas increased from 323.18 billion yuan in 2011 to 593.39 billion yuan
in 2018. The gap in GDP between the Pearl River Delta and the eastern, western,
and northern regions of Guangdong has continued to widen, reflecting that regional
imbalances in Guangdong Province have intensified year by year.

4.1.2 Per capita GDP differences in various cities of Guangdong Province

Compared with the provincial data, the data acquisition of prefecture-level cities is
much more difficult. When collecting data, the per capita GDP data of 21 prefecture-
level cities in Guangdong Province is not complete or accurate. Therefore, while
ensuring the accuracy of the data, try to use the latest data. This paper uses the per
capita GDP of 2016.

The per capita GDP data of 21 cities in Guangdong Province in 2016 is used as a
histogram, as shown in Fig. 2. The highest per capita GDP in Guangdong Province
is Shenzhen, reaching $25,400, the lowest is Meizhou, only $36,600, the former is 7
times that of the latter; the per capita GDP of 15 cities is lower than the provincial
average, Pearl River Delta. The region’s per capita GDP is significantly greater than
that of Guangdong’s eastern, western, and northern areas. This reflects the imbalance
in regional development and regional economic development in Guangdong Province.
GDP per capita is calculated by dividing the total gross value contributed by all manu-
facturerswho are residents of the business through themid-year demographic, together
with any product taxation (fewer supports) that is not taken into account when valu-
ing output. Its statistics in the exchange rate at current prices are used to compute
development.

4.1.3 Hierarchical division of GDP per capita in various cities of Guangdong Province

According to the 2015, World Bank’s country income grouping criteria (per capita
gross national income is roughly equal to GDP), the world development level is cate-
gorized into four classifications, as shown in Table 3.

Based on the data in Fig. 2 and according to the classification criteria in Table 3, 21
cities in Guangdong province are split into anomaly levels under the GDP per capita.
The results are as follows:

(1) At the first level, the per capita GDP exceeds $12,476, which is a high-income
level, including Guangzhou, Shenzhen, Zhuhai, Foshan, and Zhongshan.

(2) The second level, per capita GDP between $4,126 and $12,475 belongs to the
upper middle-income level, including Jiangmen, Huizhou, Dongguan, Zhao-
qing, Zhanjiang, Maoming, Yangjiang, Jieyang, Shantou, Chaozhou, Shaoguan,
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Fig. 2 Histogram of GDP per capita in 21 cities in Guangdong Province in 2016

Table 3 2015 World Bank
country income grouping
standards

Per capita GNI Criteria for the classification

Low-income countries $1045 and below

Lower middle-income country $1046 to $4125

Upper middle-income country $4126 to $12,745

High-income countries $12,476 and above

Heyuan, Qingyuan, Yunfu. According to the grouping criteria, only the per capita
GDP of Huizhou and Dongguan is higher than the provincial average. Although
the remaining 12 cities are in middle-income areas, their per capita GDP is lower
than the provincial average. There is a big difference in the stage of internal finan-
cial progress. The per capita GDP of Dongguan in the Pearl River Delta region
is close to three times that of Heyuan in the eastern part of Guangdong.

(3) At the third level, the per capita GDP is between $1,046 and $4,125, which is the
Lower middle-income level, including Shanwei in the eastern Guangdong region
and Meizhou in the northern Guangdong region. The per capita GDP of Shanwei
and Meizhou is far lower than the provincial average, and compared with the
average level of economic development in the Pearl River Delta region, the gap
is even greater. The economic development level of the eastern, western, and
northern regions of Guangdong is far behind the Pearl River Delta region, and
the level of economic development between the regions of Guangdong Province
is quite different.
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4.2 Time distribution characteristics of regional economic development
in Guangdong Province

Industrialization is an important indicator to measure the stage of regional socio-
economic development. However, for the judgment of the regional economic devel-
opment stage, different scholars at home and abroad have different divisions and
measurement standards (Singh 2007). This paper draws on the measurement methods
of Chennai and Serkui, combined with the characteristics of China’s economic devel-
opment, according to the classification criteria of domestic scholars such as Wang and
Chou (2018) and Chenery et al. (1986), who divide regional economic development
into pre-industrialization, industrialization and post-industrialization, the industrial-
ization realization stage, and industrialization realization stage is divided into three
periods of initial, middle and late, as shown in Table 4.

To divide the economic development stages of 21 different regions in Guangdong,
selecting 2016’s per capita GDP and the three industrial structures to analyze the two
key indicators. The results are shown in Table 5 and Fig. 3.

The data in Tables 4 and 5 are summarized in Table 6. Guangdong’s industrial struc-
ture has reached the post-industrialization stage, and its per capita GDP has reached
the critical time of modernization; Guangzhou, Shenzhen, Zhuhai, and Dongguan’s
production technology and per capita GDP have reached the post-industrialization
phase; the per capita GDP of Foshan and Zhongshan has cross the threshold of post-
industrialization stage, nonetheless, industrialization was always in a final stage, as
seen by the industrial structure; the per capita GDP and industrial structure of Huizhou
and Jiangmen are both in the late stage of industrialization; the per capita GDP of
Maoming, Zhaoqing and Yangjiang has entered the late stage of industrialization,
while the industrial structure is still in the middle of industrialization; the per capita
GDP of Shantou, Chaozhou and Jieyang is in the middle of industrialization, while
the industrial structure is in the late stage of industrialization; the per capita GDP and
industrial structure of Shaoguan, Zhanjiang, Shanwei, Heyuan and Qingyuan are all
industrialized. In the medium term, the per capita GDP of Meizhou and Yunfu is in
the middle stage of industrialization, but the industrial structure is in the early stage
of industrialization.

Based on the research outcomes of Table 6, 21 cities in Guangdong Province are
divided into four levels according to the stage of economic development.

(1) The first level: industrialization was completed, and the city entered the post-
industrial, including Guangzhou, Shenzhen, Zhuhai, and Dongguan.

(2) The second level: was actually in the late stages of industrialization with a signifi-
cant level of modernization. The eligible cities were Jiangmen, Foshan, Huizhou,
and Zhongshan.

(3) The third level: the degree of industrialization was moderate, the degree of indus-
trialization was lower than the provincial average, and it was in the medium of
industrialization. Eligible conditions cities were Shantou, Shaoguan, Zhanjiang,
Zhaoqing, Maoming, Shanwei, Heyuan, Yangjiang, Qingyuan, Chaozhou, and
Jieyang.
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Table 5 Economic development indicators of 21 cities in Guangdong Province in 2016

City Per capita GDP ($) Three major industrial structure ratios

Primary industry Secondary industry Tertiary Industry

Guangzhou 21,505 1.2 29.4 69.4

Shenzhen 25,365 0.1 39.9 60

Zhuhai 20,200 2.2 47.6 50.2

Shantou 5664 5.2 50.5 44.3

Foshan 17,521 1.7 59.2 39.1

Shaoguan 6231 13.7 36.3 50

Zhanjiang 5397 19.6 38.1 42.3

Zhaoqing 7754 15.4 48.1 36.5

Jiangmen 8087 7.8 47.4 44.8

Maoming 6547 16.4 40.2 43.4

Huizhou 10,780 5.1 53.8 41.1

Meizhou 3641 20.3 35.5 44.2

Shanwei 4118 15.9 44.3 39.8

Heyuan 4397 11.7 45.4 42.9

Yangjiang 7933 17.2 41.4 41.4

Qingyuan 5477 15.6 36.5 47.9

Dongguan 12,526 0.3 46.5 53.2

Zhongshan 14,975 2.2 52.3 45.5

Chaozhou 5564 7.3 52.3 40.4

Jieyang 5068 9.3 58.7 32

Yunfu 4743 21 41.8 37.2

All 10,958 4.7 43.2 52.1

Data source: Guangdong Provincial Bureau of Statistics and Local Municipal Bureau of Statistics

(3) The fourth level: is a city with a low degree of industrialization and a relatively
backward development. Eligible conditions cities were Meizhou and Yunfu.

In conclusion, Guangdong’s eastern and western cities are situated in the third and
fourth levels, whereas the urban areas in the Pearl River Delta area are essentially in
the first and second levels. It reflects the imbalance of regional economic development
in Guangdong Province and the large gap in economic development.

5 Research design

5.1 Variable selection and research hypothesis

Select two major categories of industrial structure optimization and economic devel-
opment factors to study regional economic growth. Variable selection is the process of
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Fig. 3 The relationship between per capita GDP and tertiary industry

Table 6 Description of the industrialization stage of 21 cities in Guangdong Province in 2016

selecting the variable among a huge number of variables for the analysis of a particular
system or model by removing the irrelevant variables from the entire list of variables
as there is a large number of variables that are not used completely in the process.
The hypothesis is the relationship between two different variables then it can be tested
with empirical data.
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5.1.1 Industrial structure optimization variable

The optimization of industrial structures is a dynamic process. The necessity of indus-
trial structure quantities, which represents the requirement for the growth of the
industrial organization to respond to the degree of economic prosperity, is reflected in
the rationalization of the structural transformation. Usually, 2 indicators: the rational-
ization of industrial structure and the advancement of industrial structure, are selected
to measure the evolution of industrial structure. In this paper, the evolution variables
of the industrial structure are selected concerning the research results of scholars such
as Coelli et al. (2005).

(1) Rationalization of industrial structure. The rationalization of industrial structure
is a reflection of the degree of coordination between industries and the degree of
effective use of resources, it reflects in the structural quality of industrial structure
determines the developmental need to the economic level and social developmentation.
It is usually measured by the balance between the input structure and output structure.

T L =
∑n

i=1

(
Yi
Y

)
ln

(
Yi
Li

/
Y

L

)

In the formula, TL indicates the level of industrial structure rationalization, Y
indicates theoutput value,L indicates thenumber of employees, i indicates the industry,
and n indicates the number of industrial sectors. TL = 0 means that the industrial
structure is balanced, and the larger the TL value, the more unreasonable the industrial
structure.

(2) Advanced industrial structure. The advanced industrial structure refers to the
process of shifting the focus of the regional industrial structure from the primary
industry to the secondary and tertiary industries as the economic development pro-
gresses and usually selects the change in the proportion of output value among various
industrial sectors to measure it.

TS = tertiary industry output value/secondary industry output value
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In the formula, TS represents the advanced level of industrial structure, and the
larger the TS value, the higher the level of industrial structure.

The structure of the advanced industry will consider the use of technologies and
machinery to increase the mass production rate and also reduce the effort of labor by
using the external source of energy. The advanced industrial structure refers to the pro-
cess of shifting the focus of the regional industrial structure from the primary industry
to the secondary and tertiary industries as the economic development progresses and
usually selects the change in the proportion of output value among various industrial
sectors to measure it.

T S = output value of tertiary industry

output value of secondary industry

In the formula, TS represents the advanced level of industrial structure, and the
larger the TS value, the higher the level of industrial structure and it is dividing the
total number of output values of the tertiary industry by the total number of output
values of secondary industry to find the advanced level of industry.

5.1.2 Economic development factor variables

The regional industrial structure and economic growth are affected by many factors.
Combining the status quo ofGuangdong’s social and economic development, the paper
selects the following four variables as the economic development factors.

(1) Social investment. Social investment is the basic factor of regional economic
development, it is constructed to make the skills of people stronger and support them
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by involving them in industrial activity based on their skills and capacities theremay be
some constraints included namely education, rehabilitation, training, and so on. It has
an important impact on the formation and development of regional industries (Healy
and Cote 2001). The change in social investment flow will affect the direction of the
regional industrial structure. The social investment includes fixed assets investment
and current asset investment. The proportion of total fixed assets investment to GDP
reflects the level of regional social investment. The formula is as follows:

Social Investment Level (SI) = Total Fixed Assets Investment/GDP

(2) Social consumption needs. Social consumption is the process of utilizing the
resources and choice of goal at the national level. As an important driving force for
regional economic growth, consumer demand has a far-reaching impact on the forma-
tion and adjustment of regional industrial structures. Changes in consumer demand
will also bring about changes in industrial structure. This paper uses the proportion
of total retail sales of consumer goods to GDP to analyze the impact of changes in
consumer demand on regional industrial structure and economic growth. The formula
is as follows:

Regional Consumption Level (RC) = Total Retail Sales of Consumer Goods/GDP

(3) Foreign trade. The exchange of goods and services between the international
regions is stated as foreign trade, it may be export or import based on the need
for a product. In the context of accelerating economic globalization, foreign trade
is an important factor affecting the regional industrial structure, including export trade
and import trade. Foreign trade affects regional industrial structure changes through
regional comparative advantages, the exchange of resources, and international division
of labor worldwide. This paper represents the foreign trade level of a certain region
by the proportion of foreign trade imports and export as a percentage of GDP. The
calculation formula is as follows:

Regional Foreign Trade Level (RT) = Total Imports and Exports/GDP

(4) Technological innovation. Innovation is the first driving force to leading devel-
opment, and it is also themost important factor to promote regional industrial structure
optimization. Science and technology innovation can effectively drive the industrial
structure to advance and lead the industry transformation and upgrading. The invest-
ment intensity of research and experimental development refers to the ratio of total
social research and experimental development expenditure to gross domestic product
(GDP). This paper uses the intensity of research and experimental development fund-
ing to represent the level of scientific and technological innovation in a certain region.
The formula is as follows:

Level of scientific and technological innovation (RD) = total social research and

experimental development expenditure/GDP
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5.2 Analytical methods

The formation and evolution of regional industrial structure as a long-term dynamic
development system is affected by many factors, some factors are significant, some
factors are hidden, and the dynamic correlation between various factors is complex,
which is a typical grey system. The grey relational analysis method is a new analysis
method based on the grey system theory. A technique for estimating grey relational
degree and estimating the impact estimate of the primary behavior of the network or the
moderating role among the network components is known as grey relational analysis.
It is a metric used to express the amount of relationship between two variables or
processes. It is used to decide the optimum condition for different parameters of inputs
and it will help obtain good quality of characteristics, it is normally used to evaluate
complex projects. According to the similarity or dissimilarity of the developmental
trends of various factors in the system, the correlation between the factors is predicted
and evaluated (Luo et al. 2015).

The grey relational analysis method uses limited known explicit information and
implicit information to analyze the degree of dynamic correlation between various
factors in the system (Li and Shan 2014; Lin and Liu 1999; Pang and Yang 2020). The
autocorrelation of the factors is first computed; the relationship between two variables
is then derived by splitting the result by the sum of the degrees of separation of the
factors. Based on this, this paper uses the grey relational analysismethod to analyze the
regional industrial structure and economic growth of Guangdong Province under the
background of socialismwith Chinese characteristics in the new era, mining the corre-
lation between industrial structure optimization variables and economic development
factor variables and regional economic growth.

Algorithm for grey correlation analysis:
Step 1: Select the reference sequence, where k is the time.

x0 = {x0(k)|k = 1, 2, 3...n } = {x0(1), x0(2), x0(3)...x0(n)}

Suppose there are m comparison series, then.

Step 2: the non-classification of the variables.
Step 3: the difference sequence, the maximum difference, and the smallest differ-

ence.
Step 4: Calculate the correlation coefficient. Based on the above steps, then:

ξi =
min
i
min
k

|x0(k) − xi (k)| + ρmax
i

max
k

|x0(k) − xi (k)|
|x0(k) − xi (k)| + ρmax

i
max
k

|x0(k) − xi (k)|

The value of the grey correlation coefficient is related to the resolution coefficient
value ρ, ρ ∈ [01], and the larger the value ρ, the larger the resolution coefficient.
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Step 5: the degree of relevance.

γi = 1

n

∑n

k−1
ξ
i
(k)

It indicates the degree of correlation between the comparison series xi and the
reference sequence x0. The greater the degree of correlation, the greater the influence
of the factor on the parent factor, and the closer the relationship between the two
(Reinikka and Svensson 2002).

5.3 Research hypothesis

In the process of industrial institution optimization, the rationalization and advance-
ment of the industrial structure have an impact on regional economic growth. What
kind of impact is greater? Industrial structure and economic growth are affected by
many factors. What factors have a greater impact on Guangdong’s economic develop-
ment? The following assumptions are made:

H1 Rationalization of industrial structure impact on economic growth is greater than
the impact of the Industrial Structure;

H2 Technological innovation and foreign trade are themain factors affecting economic
development.

6 Empirical analysis

According to the above analysis, from the macro level, industrial structure optimiza-
tion can promote regional economic development, regional economic development,
and industrial structure optimization. The empirical analysis is made based on the
measured and observed factors, and the knowledge gained from the experience despite
belief, it contains three types of data quantitative, qualitative, and both quantitative and
qualitative data. This method is also helpful in analyzing complex data and provides
accurate results. The steps involved in this analysis are as follows state the need for
research, consider relevant papers or literature, hypothesis, andmeasurement creation,
and finally, data analysis with the result will be obtained.

6.1 Sample data selection

To select appropriate prefecture-level cities from 21 prefecture-level cities in Guang-
dong Province as samples. Due to the relatively large amount of data to be collected in
this paper, it is difficult for some prefecture-level cities to obtain all the required data,
therefore, under the constraints of practical conditions, try to select representative sam-
ple cities. Taking into account the geographical location and economic development
of prefecture-level cities, Guangzhou, Zhongshan, Shantou, Maoming, and Meizhou
were selected as the final choice.
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Considering the data acquisition and representativeness, this paper divides the
Guangdong region into 3 categories according to the degree of economic development:
economically developed region, representing Guangzhou as the city; economically
moderately developed region, representing Zhongshan as the city. In economically
underdeveloped areas, Shantou, Maoming, and Meizhou are selected as representa-
tive cities, which must correspond to the East, West, and northeast of Guangdong.

6.2 Relevance of economic growth rate and industrial structure, economic
development factors

In this paper, the economic growth rate of each sample area is taken as a reference
series. The industrial structure optimization variables and economic development fac-
tor variables are used as comparison series. For a broad range of functions in academia
and business, together with deep learning as well as machine learning, sensor fusion or
rather connectivity, appearance as well as multimedia filtering, power systems, quan-
tification and measurement, computational finance, as well as scientific computing,
millions of small of technicians and researchers all over the world utilize MATLAB.
The data of reference series and comparison series are analyzed by MATLAB soft-
ware, the gray correlation degree between economic growth rate, industrial structure
optimization variables, and economic development factor variables in Guangzhou,
Zhongshan, Shantou, Maoming, Meizhou, and Guangdong provinces in three inter-
vals 2001–2005, 2006–2010,2011–2016, as shown in Table 7 and Fig. 4.

The gray correlation degree between economic growth rate, industrial structure
optimization variables, and economic development factor variables in Guangzhou,
Zhongshan, Shantou,Maoming,Meizhou, andGuangdong provinces in three intervals
2001–2005.

The gray correlation degree between economic growth rate, industrial structure
optimization variables, and economic development factor variables in Guangzhou,
Zhongshan, Shantou,Maoming,Meizhou, andGuangdong provinces in three intervals
2006–2010.

The gray correlation degree between economic growth rate, industrial structure
optimization variables, and economic development factor variables in Guangzhou,
Zhongshan, Shantou,Maoming,Meizhou, andGuangdong provinces in three intervals
2011–2016 (Figs. 5, 6).

6.3 Comparison of intra-regional industrial structure and economic development
factors

According to the data in Table 7, in the same area, the degree of association between
the industrial structure optimization variables and the economic development factor
variables is compared, and the relevant results are shown in Table 8.

123

RETRACTED A
RTIC

LE



Journal of Combinatorial Optimization (2022) 44:3735–3777 3761

Ta
bl
e
7
G
ra
y
co
rr
el
at
io
n
m
at
ri
x
be
tw
ee
n
sa
m
pl
e
re
gi
on

ec
on
om

ic
gr
ow

th
ra
te
an
d
ea
ch

va
ri
ab
le

T
im

e
V
ar
ia
bl
e

G
ua
ng

zh
ou

Z
ho

ng
sh
an

Sh
an
to
u

M
ao
m
in
g

M
ei
zh
ou

G
ua
ng

do
ng

20
01

–2
00

5
T
L

0.
54

27
0.
55

79
0.
81

9
0.
68

11
0.
60

37
0.
55

62

T
S

0.
63

55
0.
47

44
0.
51

81
0.
68

42
0.
74

19
0.
46

65

SI
0.
55

32
0.
55

42
0.
74

6
0.
65

62
0.
68

58
0.
82

76

R
C

0.
55

27
0.
50

23
0.
63

58
0.
61

64
0.
61

6
0.
47

51

R
T

0.
75

56
0.
73

12
0.
78

88
0.
75

17
0.
70

41
0.
87

75

R
D

0.
74

25
0.
68

32
0.
69

14
0.
78

13
0.
72

15
0.
64

98

20
06

–2
01

0
T
L

0.
70

08
0.
76

67
0.
73

67
0.
64

02
0.
55

37
0.
67

89

T
S

0.
59

07
0.
63

52
0.
63

18
0.
69

77
0.
66

49
0.
51

87

SI
0.
58

33
0.
59

78
0.
58

29
0.
58

41
0.
56

36
0.
53

71

R
C

0.
61

16
0.
57

67
0.
49

23
0.
68

8
0.
64

53
0.
48

93

R
T

0.
89

32
0.
73

62
0.
82

18
0.
68

71
0.
69

18
0.
77

55

R
D

0.
73

09
0.
73

15
0.
66

96
0.
67

35
0.
65

46
0.
59

66

20
11

–2
01

6
T
L

0.
60

47
0.
67

0.
64

34
0.
69

07
0.
68

68
0.
83

29

T
S

0.
56

9
0.
61

36
0.
61

96
0.
62

1
0.
65

67
0.
61

98

SI
0.
53

97
0.
59

19
0.
55

84
0.
53

2
0.
70

48
0.
58

43

R
C

0.
63

33
0.
55

88
0.
65

33
0.
59

0.
66

66
0.
58

26

R
T

0.
73

7
0.
81

26
0.
72

61
0.
64

67
0.
67

04
0.
71

39

R
D

0.
64

05
0.
86

81
0.
66

6
0.
68

86
0.
76

9
0.
73

84

123

RETRACTED A
RTIC

LE



3762 Journal of Combinatorial Optimization (2022) 44:3735–3777

0

0.2

0.4

0.6

0.8

1

Guangzhou Zhongshan Shantou Maoming Meizhou Guangdong

Gr
ow

th
 ra

te

Variable

Gray correla�on matrix (2001-2005)

Time TL Time TS 2011-2016 SI 2011-2016 RC 2011-2016 RT 2011-2016 RD

Fig. 4 Gray correlation matrix (2001–2005)
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6.4 Division of regional industrialization process

According to the three major industrial structure ratios and per capita GDP which
come from Guangzhou, Zhongshan, Shantou, Maoming, Meizhou, and Guangdong
Province from 2001 to 2016, combined with Table 4, the industrialization process of
the sample cities and Guangdong Province is divided. The results are shown in Table
9 (Fig. 7).
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6.5 Analysis of results

Based on the analysis results of Tables 7 and 8, from 2001 to 2016, from the perspec-
tive of Guangdong Province, the industrial structure is generally reasonable, and the
impact of industrial structure rationalization on economic growth is greater than that
of advanced industrial structure. From the "10th Five-Year Plan" period to the "13th
Five-Year Plan", the gap between the two has been widening. This reflects that the
rationalization of industrial structure has an increasingly greater impact on economic
growth with the continuous optimization and development of the regional economy.
From the analysis of sample cities, in the early stage of regional economic develop-
ment, the advanced industrial structure is a greater degree of influence on economic
development than the rationalization of industrial structure. When the regional econ-
omy enters industrialization, the degree of industrial structure rationalization will be
higher than the advanced industrial structure.

According to Tables 8 and 9, it is known that foreign trade and technological inno-
vation were the main factors affecting the economic growth of the five cities selected
by the sample from 2001 to 2005. From the perspective of the province, science and
technology innovation and social investment are the main factors affecting economic
development; during 2006–2010, foreign trade is the main factor affecting the eco-
nomic development of Guangzhou, Zhongshan, Shantou, Meizhou, and the province.
Consumer demand is themain factor affecting the economic development ofMaoming
City; during the period 2011–2016, the main factors affecting the economic develop-
ment of Guangzhou and Shantou are still foreign trade, and technological innovation
has become main factors that affect the economic development of Zhongshan, Maom-
ing, Meizhou and Guangdong Province, the impact of technological innovation on
economic development has been continuously improved. For a long time, foreign
trade has always been the main factor affecting the economic development of Guang-
dong Province. The economic development of cities in Guangdong Province cannot
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Table 9 Industrialization process in the sample city

Region 2001–2005 2006–2010 2011–2016

Guangzhou Post-industrialization Post-industrialization Post-industrialization

Zhongshan Late industrialization Late industrialization Entering the
post-industrialization
stage after 2016

Shantou Late industrialization Late industrialization Late industrialization

Maoming Early industrialization Entering the middle of
industrialization after
2007

Medium
industrialization

Meizhou Early industrialization Early industrialization Entering the middle of
industrialization
after 2015

Guangdong
Province

Late industrialization Late industrialization Entering the
industrialization
stage after 2013
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Fig. 7 Industrialization process in the sample city

be separated from the support of foreign trade. Since the "Twelfth Five-Year Plan",
Guangdong’s economic development has entered a new normal, the economy has
changed from high-speed growth to medium–high-speed growth, the economic struc-
ture has been continuously optimized, and technological innovation has become a
major factor affecting economic development. Suppose H1 and H2 are true.

Table 9 shows that Guangzhou began to enter the post-industrial development stage
in 2001, and Zhongshan City entered the post-industrialization stage in 2016, with a
difference of 15 years. The slowest development is Meizhou City in northeastern
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Guangdong. In 2016, industrial development is still in the early stage of industrial
development. Guangzhou entered the post-industrial development stage about 20 years
earlier than the eastern and western cities. This reflects the large gap in regional
economic development in Guangdong.

6.5.1 Robustness test

To further test the robustness of optimizing industrial structure variables and economic
development factor variables to enhance economic growth, this paper selects the co-
moving space weight matrix which was proposed by De Gooijer and Hyndman (2006)
instead of the grey relational matrix to carry out the above empirical results. The
formula is:

yi,t = α + β y j,t + ε,Wi j =
{

1
std(ε)

, i �= j

0 , i = j
(7)

where yi,t and yj,t represent values of the same economic variable at t period in area
i and area j respectively. This refers to the GDP of cities such as Guangzhou, Zhong-
shan, Maoming, and Meizhou during the same period. ε represents residual, and Wij
indicates weight. The stronger the correlation between the same variable in the two
regions, the smaller thefluctuation range of the residual and the larger the spatialweight
value. The higher the degree of coordination of variables, the stronger the dependence
between regions. The application range of the coordinating space weight matrix is
quite extensive. When the specific relationship between the inter-regional economic
variables cannot be predicted, the two-region data can be directly used for regression,
the degree of coordination between the regions can be judged according to the fit-
ting result, and the space dependency degree is calculated. Therefore, the co-moving
spatial weight matrix can make sensitive responses based on changes in economic
relations with high credibility. The sample data is called by Eq. (7), and Table 10 is
obtained after finishing. The data show that the difference between the results of the
robustness test and the previous empirical results is that from 2001–2005, Guangzhou,
Maoming, and Guangdong Province were at different stages of development, and oth-
ers were consistent with the conclusions in Table 9. This shows that the impact of
industrial structure optimization variables and economic development factor variables
on regional economic growth is reliable and robust (Fig. 8).

7 Regional economic risk monitoring

In the empirical analysis of the fifth chapter, this paper analyzes that foreign trade
and scientific and technological innovation play the most significant role in economic
growth and are the most important factors, so we should focus on preventing the
regional economic risks caused by these two factors.
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Table 10 Estimation results of the robustness test

Region 2001–2005 2006–2010 2011–2016

Guangzhou Late industrialization Post-industrialization Post-industrialization

Zhongshan Late industrialization Late industrialization Entering the
post-industrialization
stage after 2016

Shantou Medium
industrialization

Late industrialization Late industrialization

Maoming Early industrialization Entering the middle of
industrialization after 2007

Medium
industrialization

Meizhou Early industrialization Early industrialization Entering the middle of
industrialization
after 2015

Guangdong
Province

Medium
industrialization

Late industrialization Entering the
industrialization
stage after 2013
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Fig. 8 Estimation results of the robustness test

7.1 Regional economic development status

Since the outbreak of COVID-19, it has brought an unprecedented impact on the
regional economic development of Guangdong. From January to August 2020, the
GDP of Guangdong province was 4.92 trillion yuan, a year-on-year decrease of 2.5%.
Among them, the added value of the primary industry was 191.47 billion yuan, up by
1.6%%year on year. The added value of the secondary industrywas 1.880 trillion yuan,
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Fig. 9 Industrial growth rate in the first three quarters

down 6.2%year on year. The added value of the tertiary industrywas 2,2852.07 trillion
yuan, up 0.1% year on year. The total import value was 4,385.02 billion yuan, and the
total export valuewas 2.68 trillion yuan, down 3.2%and 2.7%, respectively. Total retail
sales of consumer goods totaled 2.50 trillion yuan, down 10.6%. The accommodation
and catering industry reached 62.03 billion yuan, down 27.3%. Although industry
indicators have picked up since the first quarter, they are still struggling to climb. This
has never happened in the 40 years of reform and opening up. The specific situation
is shown in Fig. 4.

At the present stage, COVID-19 is still under effective control, the international
economic environment is deteriorating, the economic downturn is evident, diplomatic
and trade frictions between China and other countries have never been interrupted,
and Guangdong’s economic development is full of uncertainties and faces certain
risks (Fig. 9).

7.2 Risk analysis of regional economic development

The above research shows thatGuangdong is a big exporter of foreign trade. Therefore,
foreign trade has always been the main factor affecting the economic development of
Guangdong province. After economic development has entered the new normal, scien-
tific and technological innovation has also become a major factor affecting economic
development. Therefore, the risks of Guangdong’s regional economic development in
the post-epidemic period are mainly manifested as follows:
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7.3 Foreign trade risks

7.3.1 Import and export orders have plummeted

As the "factory of the world", Guangdong not only needs to import a large number of
raw materials, agricultural products, and related parts and components from abroad to
meet the needs of product development but also exports the products produced to other
countries in the world. Affected by the global spread of coVID-19, many exporting
countries have announced to stop exporting factors of production due to safety and
stability concerns. This has not only affected the comprehensive resumption of work
and production inGuangdong but also affected the production of products.On the other
hand, with the rapid spread of the epidemic around the world, countries’ consumption
capacity has been greatly reduced, and retail stores, relevantmanufacturers, and trading
companies have been largely closed, resulting in the cancellation of orders of a large
number of export-oriented companies in Guangdong. This threatens the existence and
development of Guangdong’s foreign trade enterprises.

7.3.2 International trade frictions have increased

Trade friction affects Guangdong’s foreign trade development indirectly. It is found
that the change in the international trade environment is an important factor affect-
ing the growth of foreign trade between countries. Unilateralism, conservatism, and
protectionism are prevalent in some countries. Global economic policy uncertainty,
characterized by additional tariffs, regional discrimination, and anti-dumping mea-
sures, is on the rise, and trade frictions have further spread and escalated among major
economies. At first, China had trade frictions mainly with the United States, and later
with the EuropeanUnion, Japan, Canada, India, SouthAfrica,Mexico, Southeast Asia,
and other countries. China’s foreign trade constraints have been further strengthened.
The deterioration of the trading environment has led to a significant slowdown in
global trade. Adding to the COVID-19 epidemic, the development of Guangdong’s
foreign trade is fraught with uncertainty.

7.3.3 The recovery of the world economy is extremely uncertain

According to the current situation, although the epidemic situation in various countries
has been brought under control to a certain extent, it is still uncertain when it will
be completely brought under control. Without control, the economy cannot recover.
This time, the global economic recession was caused by a public health problem.
Novel Coronavirus is not an economic policy or government decision but an external
economic factor. There is no problem with the internal factors such as the system
and mechanism of economic operation. Now some countries in the world are working
on a vaccine or a cure. Once found, relevant trade restrictions will be lifted, foreign
trade will increase rapidly, and the economy will recover. So both the problem and
the solution to the recession lie outside the economy. At this stage, there is still the
possibility of a relapse, and it is uncertain when the epidemic will be fully contained.
The recovery of the world economy is extremely uncertain.
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7.3.4 The development trend of the international economic order is uncertain

Since 2018, the United States has continued to impose trade restrictions, restrictions
on overseas study and technological blockade against China, and imposed unilateral
trade protectionism on other countries. As a result, a "counter-tide" has emerged,
undermining the existing order and exerting a significant impact on the operation of
the international trading system and the regional economic development of emerging
countries. But development has become a top priority for all countries in the world.
Building a "win–win" new international economic order has become the common
aspiration of all countries in the world. In response to the economic downturn, the
United States unilaterally imposed a trade balance between the United States and
other countries, which is not in line with the principles of free trade and the law of the
market economy, andwill ultimately result in the reduction of the status of the dollar as
the international currency. TheUSwill not concede, andwill inevitably look elsewhere
for breakthroughs. For example, the implementation of unlimited quantitative easing
monetary policy is one. As a result, the international economic order is hardly stable.

7.4 Risks of technological innovation

7.4.1 Risk of high-quality talents

Innovation is the primary driving force behind development. High-quality and inno-
vative talents are the foundation of innovation. Except for Shenzhen, Guangzhou,
Foshan, Dongguan, Zhuhai, and other cities in Guangdong, there is a shortage of ordi-
nary undergraduate talents, not to mention scientific and technologically innovative
talents. But the government and the enterprise innovation consciousness unceasingly
enhance. Therefore, in the post-epidemic period, it has become an important focal
point for the government to promote industrial transformation and upgrading through
innovative means and promote economic development. At present, Guangdong has
about 200,000 high-quality innovative talents, which cannot meet the needs of sci-
entific and technological innovation. The shortage of innovative talents will certainly
bring uncertainty to scientific and technological innovation and may become a risk.

7.4.2 Risks of scientific and technological innovation funds

Scientific and technological innovation needs adequate financial support. In 2019,
Guangdong spent about 300 billion yuan on R&D, accounting for nearly 2.8% of
the regional GDP, slightly higher than the national average of 2.23%. Shenzhen and
Guangzhou spent more than 200 billion yuan on R&D, accounting for two-thirds of
Guangdong’s total. Guangdong’s R&D funds are mainly concentrated in Shenzhen
and Guangzhou, the two first-tier cities in China, and there is no shortage of innova-
tion funds. The remaining 19 cities have an average investment of about 5.2 billion
yuan. Although the epidemic has had a great impact on the economic and social devel-
opment of these two cities, they have a sound foundation and are recovering relatively
quickly. The economic data for the first half of 2020 shows that Shenzhen’s GDP is
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126343 billion yuan, with a growth rate of 0.10%, and Guangzhou’s GDP is 1096.829
billion yuan, with a growth rate of -2.70%. Shenzhen has achieved positive growth, 16
other cities in the province have negative growth, and innovation capital investment is
negative growth. That is to say, except for Shenzhen, Guangzhou, Dongguan, Foshan,
and other first and second-tier cities, other governments had low fiscal revenue, and the
investment in innovation capital must have been greatly reduced. Whether scientific
and technological innovation can be promoted, if it can be promoted, whether it can
succeed is extremely uncertain.

8 Regional economic risk prevention and control strategy

According to the above research results, in the post-epidemic period, Guangdong
should focus on preventing foreign trade risks and technological innovation risks, revi-
talizing exports and industrial transformation and upgrading, and promoting regional
economic development.

8.1 Realize the advantages of the system and do a good job in social stability

The centralized andunified leadership of theChineseCommunist Party is a prerequisite
for our success in national defense and control of the new crown pneumonia epidemic.
The socialist systemwithChinese characteristics has significant advantages in resisting
major risk shocks. Governments at all levels should be good at taking advantage of
this system and turning it into powerful energy to resist major risks. At present, the
epidemic situation in Guangdong has been effectively controlled and the economy is
gradually recovering. However, unstable factors still exist. To ensure social stability
in Guangdong, give full play to the advantages of the system, and further do a good
job in the "six stabilities" (stabilizing employment, stabilizing finance, stabilizing
foreign trade, stabilizing foreign investment, stabilizing investment, and stabilizing
expectations), and fully implementing the "six guarantees" (ensure the employment
of residents, ensure basic people’s livelihood, ensure the main body of the market,
ensure the security of food and energy, ensure the stability of the supply chain of the
industrial chain, and ensure the operation of the grassroots level), the stability of the
people and the stability of the society. This is the basis for resisting risks.

8.2 Implement an active policy of “stabilizing foreign trade” and expand the“Belt
and Road”market

Studies have shown that the main reasons for foreign trade risks are, on the one hand,
the sudden public health incidents, which have led to the economic recession in coun-
tries around the world, and the foreign trade press the "pause button"; on the other
hand, international trade frictions have led to the trade obstacles in countries around
the world. China is actively developing vaccines for the prevention and treatment of
the new coronavirus, providing necessary assistance within its capacity to the interna-
tional community, and has made due contributions. However, due to the inconsistent
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positions of various countries and the uncoordinated prevention and control methods,
the effectiveness of epidemic prevention and control is not ideal. The trade friction is
not caused by China, and China cannot play an important role. The development of
foreign trade is extremely uncertain. Guangdong, as a major foreign trade province,
is unquestionably developing the “international” cycle. The question is how to break
the ice now. The effective approach is to take policy first:

(1) Introduce the policy of "stabilizing foreign trade" to reduce the burden and
increase efficiency for enterprises. To solve the pain points and difficulties of foreign
trade enterprises, boost confidence and curb the continuous decline of foreign trade, in
April 2020, Guangdong Province successively introduced the "Guangdong Province
Measures to Promote the Stable Growth of Foreign Trade" and "Guangdong Provincial
Customs Fully Implement the Deployment of the Two Sessions to Support Guang-
dong’s Stability SeveralMeasures onBasic ForeignTrade and Foreign Investment, and
the Guangdong Provincial Taxation Bureau of the State Administration of Taxation
issued the "Notice on Further Exercising the Role of Taxation to Promote the Stable
Development of Foreign Trade" from financial and taxation, import and export link-
age, market development, export tax rebate processing progress, and improved export
tax rebate convenience To provide strong support for enterprises, such as the level of
globalization and the implementation of pilot policies for cross-border e-commerce
B2B exports. Since the beginning of this year, Guangdong Province has continued to
increase its imports and exports to ASEAN and countries along the "Belt and Road".

(2) Further develop the "One Belt One Road" ASEAN and African markets. Stud-
ies have shown that compared with countries such as Europe and the United States,
Southeast Asia, Africa, and other regions along the "Belt and Road" are relatively
limited by the epidemic, and most of them have close diplomatic and economic rela-
tions with China. This will lay a foundation for Guangdong to further expand ASEAN
and African markets. The expansion methods mainly include 1. Expo. Through the
online and offline Canton Fair, Maritime Silk Fair, and other expositions, commodity
exchanges with countries around the world; 2. World electronic trade platform. Initi-
ate more African countries;3. Government diplomacy. The establishment of friendly
diplomatic relations between countries is helpful to the development of foreign trade;4.
Live broadcast of companies bringing goods. Enterprises display company products
through live events on e-commerce platforms, which helps to promote products.

8.3 Risks of technological innovation

In 2012, the 18th National Congress of the Communist Party of China pointed out
that "scientific and technological innovation is the strategic support for improving
social productivity and comprehensive national strength, and must be placed in the
core position of the overall national development". Eight years later, how is the effect?
Governments at all levels and related enterprises attach great importance to it, but
in addition to Guangzhou, Shenzhen, Dongguan, Foshan, Zhuhai, Huizhou, and other
cities, the investment of innovative talents, innovative enterprises, and innovation funds
is seriously insufficient in other cities. In the post-epidemic period, the government’s
financial revenue and enterprise’s benefit will decrease to varying degrees, and the
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R&D investment will be further reduced. Where does technological innovation go?
Here are some suggestions.

8.3.1 The government makes overall plans to build an innovative talent pool

Check the website of any third-tier and lower city government, and it is not difficult
to find that the government is recruiting "senior talents "every year, but not every
year. The main reason is that the urban supporting facilities are not perfect and the
treatment is low. To alleviate the difficulty of recruiting "senior talents" in these cities,
the Guangdong Provincial Government takes the lead of the municipal governments
to enrich human resources with the help of rich talent resources in the Greater Bay
Area. Then, through the customized employment mechanism, innovative talents are
allocated to relevant cities in a planned and step-by-step way, to solve the problem of
recruiting "senior talents "in these cities to a great extent. Some "senior talents "settled
down to lay the foundation for innovation.

8.3.2 The government takes the lead in innovate financingmechanisms

Small and medium-sized enterprises in cities below the third tier have a small scale
of their funds, and their financial investment in science and technology is seriously
insufficient. It is difficult for enterprises to finance through bank loans, which makes
it difficult to guarantee the funding needed for scientific and technological innova-
tion. (1) Innovative financing mechanism. The government unites commercial banks
to innovate financing mechanisms. For example, the government provides guarantees
for enterprises through certain methods to facilitate enterprise financing and reduce
financing costs (Pang et al. 2020); (2) establish financing channels. The government
relies on its resources to build financing channels for enterprises. For example, the
government can issue management measures for the risk compensation fund of intel-
lectual property pledge financing, provide risk compensation for technology-based
enterprises to use intellectual property pledge financing, and promote the develop-
ment of enterprises. We can also use credit to finance companies.

9 Main conclusions and suggestions

9.1 Conclusions

Based on the economic development data of 5 cities in Guangdong Province:
Guangzhou, Zhongshan, Shantou, Maoming, and Meizhou, this paper uses the grey
correlation analysis method to analyze the correlation degree and risk prevention and
control between the industrial structure and economic development elements at dif-
ferent stages of development and regional economic growth in different regions. The
results show that:

First, different regions are in different stages of economic development, and the
direction of industrial structure optimization is different. Industrial structure opti-
mization, so that the advantages of various industries are fully reflected, to achieve
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coordinated development, is an important way to promote regional economic develop-
ment. However, in different stages of economic development, the impact of industrial
structure rationalization and industrial structure upgrading on economic growth is dif-
ferent. The optimization of industrial structure is mainly based on the upgrading of
industrial structure in the regions which are in themiddle and prior stages of industrial-
ization; The optimization of industrial structure is mainly based on the rationalization
of industrial structure in the regions which are the later stages of industrialization and
post-industrialization.

Second, the optimization of industrial structure is closely related to the stage of
regional economic development. The optimization of industrial structure develops
from the first industry to the second industry, and finally to the third industry, and the
industrial structure of each stage is based on the industrial structure of the previous
stage.

Third, the regional economy in different stages of development has different ele-
ments of economic development that dominate. For a long time, foreign trade will still
be an important factor affecting the regional economic growth ofGuangdong Province,
but the role of scientific and technological innovation in the regional economic growth
of Guangdong province will become more and more prominent.

Fourth, Guangdong is a major foreign trade province. After the outbreak of the
epidemic, the fiscal revenue of Guangdong’s 3 tier and below cities is declining, the
world economy is declining, and international trade frictions are further escalating,
leading to the shrinking ofGuangdong’s foreign trade and the decrease in investment in
scientific and technological innovation. Due to the ineffective control of epidemic pre-
vention and control and the normalization trend, the regional economic development
of Guangdong is exposed to the risks of foreign trade and scientific and technological
innovation.

9.2 Suggestions

Under the background of the new era, how can Guangdong province control the risk
of regional economic development by optimizing the industrial structure, promoting
regional economic growth, and narrowing the gap of regional economic development?
Put forward the following suggestions:

First of all, the government should make a unified plan and do a good job of coordi-
nating the top-level design of regional economic development. Investment attraction
has always been an important starting point for the development of the regional econ-
omy. Due to the weak industrial foundation in the eastern and western regions of
Guangdong Province, it is difficult to attract investment. Therefore, the provincial
government should establish a more effective new mechanism for regional coordi-
nated development and optimization of industrial structure, promote the transfer of
industries in the Pearl River Delta to the eastern, western and northern regions of
Guangdong Province, and inject fresh blood into industrial development and lay a
foundation for regional coordinated development.

Second, we will implement innovation-driven policies and promote the optimiza-
tion of industrial structure. Innovation is the first driving force to lead development.
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In general, Guangdong has the conditions to drive innovation. It is necessary to lead
new industries, new formats, and new business models to promote economic devel-
opment through innovation. We will focus on the construction of a modern industrial
system, accelerate the optimization and upgrading of industrial structure, promote the
construction of a strong province with scientific and technological innovation, and
actively create a new situation in Guangdong.

Third, in the post-industrialization stage, rationalization of the main industrial
structure. On the whole, the Guangdong industry has entered the post-industrial devel-
opment stage, with a relatively complete manufacturing system. When promoting the
optimization of industrial structure, we should focus on the internal adjustment of
industrial structure, actively cultivate new economic growth points, accelerate the
development of the modern service industry, promote the development of the produc-
tive service industry, and extend from low-end to professional, middle and high-end of
the value chain; Promote the development of life service industry from comprehensive
to refined and from the low added value to high quality.

Fourth, the implementation of a differentiated industrial structure optimization strat-
egy. The regional industrialization process of Guangdong province is unbalanced, and
the economic development stages of the eastern and western regions of Guangdong
Province and the Pearl River Delta are also different. Guangzhou, Shenzhen, Dong-
guan, Zhuhai, etc., which are in the post-industrialization stage, focus on developing
high-end service industries such as financial services, strengthening information ser-
vices, promoting business services and scientific and technological services; Regions
in the late stage of industrialization, such as Foshan, Zhongshan, Huizhou, and Jiang-
men, should further improve the basic position of the second industry, use advanced
manufacturing industry to drive the benign development of the second industry and
the third industry, and actively promote the upgrading of industrial structure based on
the rationalization of industrial structure; Areas in the middle stage of industrializa-
tion, such as Shantou, Shaoguan, Zhanjiang, Zhaoqing, Maoming, Shanwei, Heyuan,
Yangjiang, Qingyuan, Chaozhou, Jieyang, etc. The level of economic development is
relatively backward, and the industrial structure is not perfect. they should focus on
the development of the second industry, especially the manufacturing industry, rely
on scientific and technological innovation to build a new industrial system, and make
full use of regional advantages to promote the optimization of the industrial structure
according to local conditions.

Fifth, to cope with the risks of foreign trade, the Guangdong provincial government
should continue to expand themarkets ofASEANandAfrican countries under the "belt
and road" framework agreement; at the same time, innovate the financing mechanism,
broaden the financing channels, and ease the financing difficulties of technological
innovation of small and medium-sized enterprises.

Sixth, make full use of the good opportunity for the state to promote the new devel-
opment pattern of domestic and international dual circulation and mutual promotion,
further expand the level of opening up, effectively play the role of free trade pilot
areas, free trade ports, special economic zones, development zones, bonded areas and
other frontier highlands of opening up, and improve the level and capacity of foreign
trade.
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