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High-speed rail has influenced the evolution of coopetition relationships among
regional cities and promoted city-industry integration development within urban
agglomerations. Still, the specific impact it brings needs further study. This paper
aims to assess how opening high-speed railways affect the economic development
and pattern of urban agglomerations along the route under the perspective of city-
industry integration, and the mechanism of action of urban agglomerations’
coopetition relationships. The study is based on panel data from prefecture-level
cities in Jiangxi Province, China, from 2014 to 2018. Through constructing an
evaluation model of the degree of city-industry integration and an improved city
economic linkage gravity model, we study the changes in the amount of economic
linkage and affiliation of cities in Jiangxi Province after the opening of high-speed rail,
which can analyze the changes in the structure and interconnectedness of each
urban agglomeration. At the same time, an econometric model of the coopetition
relationship of urban agglomerations is proposed to study the impact of high-speed
rail on the economic cooperation of cities along the route in combination with the
city-industry integration. The results show that 1) there are pronounced differences
in the level of city-industry integration development of cities along the high-speed
railway in Jiangxi Province, and the phenomenon is significantly improved by the
improvement of inter-city economic links after the opening of the high-speed
railway; 2) When cities enhance their fixed investment (F/) and labor force growth
(LG), it has a significant promotion effect on their development, but will have a
suppressing effect on other cities’ city-industry integration, while when enhancing
industrial concentration and human capital mobility, it can make the city-industry
integration development of each city achieve a win-win situation; 3) The opening of
high-speed rail enhances the economic ties of cities along the route and the
radiation capacity of the original central cities, which is conducive to the
formation of new central cities while improving the weak economic ties between
urban agglomerations due to their geographical locations. This study proposes some
conclusions and suggestions to provide research support for theories related to city-
industry integration and policies related to urban agglomeration competition and
cooperation under the high-speed rail effect.

KEYWORDS

city-industry integration, high-speed rail effect, coopetition relationship, gravitational
model, entropy method

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fenvs.2023.1082664/full
https://www.frontiersin.org/articles/10.3389/fenvs.2023.1082664/full
https://www.frontiersin.org/articles/10.3389/fenvs.2023.1082664/full
https://www.frontiersin.org/articles/10.3389/fenvs.2023.1082664/full
https://www.frontiersin.org/articles/10.3389/fenvs.2023.1082664/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fenvs.2023.1082664&domain=pdf&date_stamp=2023-01-19
mailto:1654@ecjtu.edu.cn
mailto:1654@ecjtu.edu.cn
https://doi.org/10.3389/fenvs.2023.1082664
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://doi.org/10.3389/fenvs.2023.1082664

Tang et al.

1 Introduction

To achieve a new strategy of city-industry integration, the
(NDRC)
announced “Key Tasks of New Urbanization and Urban-Rural

National Development and Reform Commission
Integration Development in 2021.” That focuses on enhancing the
ability of the central cities of urban agglomerations to radiate and
power surrounding areas. With the rapid development of railway
traffic mileage, it not only promotes the expansion of construction
land along the line but also greatly drives the economic development
of urban agglomerations along the route (Zhao et al., 2017). Especially,
the evolution of transportation mode represented by high-speed rail is
overturning the traditional industry gradient shift, changing the
different the
reconfiguration of urban location space and the change of urban

relationship ~ between cities, and initiating
functions. Researching the coopetition relationship of urban
agglomerations and city-industry integration development under
the high-speed rail effect are significant meanings for each region
to seize the opportunities, coordinate urban relationships, enhance
cooperation among cities, promote industry division of labor, establish
city agglomerations, and realize sustainable development and city-
industry integration.

Coopetition is a state of simultaneous competition and
cooperation between subjects. It was first formally introduced into
strategic management research by Brandenburger and Nalebuff,

emphasizing its purpose of seeking common advantages and

10.3389/fenvs.2023.1082664

breaking through the traditional boundaries of the process. The
phenomenon of combining competition and cooperation into one
opened up a new perspective on the growth of economic mode
(Brandenburger and Nalebuff, 1996). Some scholars have studied
the coopetition relationship of urban agglomerations by analyzing
the characteristics of regional spatial structure. Xie et al. constructed a
spatial network based on tourism economic linkages, and used a
modified gravity model to study the spatial structure connectivity
characteristics of EU countries’ tourism economy (Xie et al., 2021). To
find the spatial cluster feature of tourist attractions in the Yangtze
River delta region, Wang et al. employed the analysis of spatial and
social networks, which provides a basis for developing its’ cooperation
strategies (Wang et al, 2021). Modeling city development level
evaluation is a significant way to measure coopetition relationships
of different cities. Based on the theory of inter-governmental
relationships and resource location, Zhou et al. established the
inter-governmental coopetition measures indicators to evaluate the
coordinated development level of the Pearl River Delta urban
agglomeration (Zhou et al., 2022). Haque took the development of
the coopetition relationship of small cities in urban agglomerations as
the research goal, built a municipal service performance model from
the micro level, and evaluated the urban competitiveness of a colonial
city in eastern India (Haque et al, 2021). Hu et al. constructed a
promotion game model for local governments and analyzed the
influence of coopetition among core cities in the Yangtze River
Delta on urban development. In addition, some researchers have

TABLE 1 Evaluation indicators of city-industry integration and their entropy and weight values.

Target layer System layer Criterion layer Indicator Entropy ~ Weights
(%)
City-industry Industrial Industrial scale Total industrial output 0.7977 8.26
integration development

Industrial quality Share of non-farm output 0.9283 293
Energy consumption per unit GDP 0.9192 3.30
Input Intensity Of R&D 0.793 8.45
Industrial added value 0.8214 7.29
Urban development Equipment package Urban road area per capita 0.8954 427
Fixed asset investments 0.8382 6.60
Environmental Green coverage in built-up areas 0.8987 4.14

Construction
Public green space per capita 0.9179 3.35
Sewage treatment rate 0.8895 4.51
Public server Ten thousand people with doctors 0.8573 5.83
Number of buses per 10,000 people 0.8855 4.67
Daily domestic water consumption per capita 0.9304 2.84
10,000 people own hospital beds 0.8884 4.56
GDP indicator Capita GDP 0.805 7.96
Human Income level Annual per capita consumption 0.908 3.75

Development
Retail sales of social consumer goods per capita 0.8481 6.20
Employment quality The proportion of the employed population in secondary and 0.904 3.92
tertiary industries

Population quality The proportion of the urban population 0.8249 7.15
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TABLE 2 Evaluation degree of city-industry integration in Jiangxi Province.

Urban development Industrial Human City-industry
development development integration

Score Rank Score Rank Score Rank Score Rank
Nanchang 0.406 1 0.294 1 0.178 1 0.878 1
Yingtan 0.393 3 0.285 2 0.170 2 0.849 2
Jiujiang 0.405 2 0.206 7 0.167 3 0.778 3
Ganzhou 0.326 6 0.269 3 0.102 6 0.697 4
Yichun 0.383 4 0.208 6 0.089 7 0.680 5
Shangrao 0.350 5 0.225 4 0.057 9 0.632 6
Ji'an 0315 8 0.197 8 0.068 8 0.581 7
Pingxiang 0.325 7 0211 5 0.037 10 0.573 8
Xinyu 0.252 11 0.160 9 0.125 4 0.537 9
Fuzhou 0.258 10 0.115 11 0.121 5 0.493 10
Jingdezhen 0.267 9 0.152 10 0.026 11 0.445 11

also explored coopetition relationships between different cities from  (Hiramatsu, 2018). Li et al. employed fractal theory to construct
the perspective of the development level and competitiveness of  an urban spatial structure correlation model to study the impact of
specific industries (Hu et al., 2008). Cao et al. developed a model  high-speed rail construction on urban agglomerations’ spatial
of tourism competitiveness in terms of the core competitiveness of ~ cohesion and spatial correlation (Li et al., 2020). From the
mountain tourism, the competitiveness of economic environment,  perspective of urban consumption, Cai et al. analyzed the
and the competitiveness of infrastructure in Enshi Autonomous  spillover of the high-speed rail effect network on the
Prefecture (EAP), China, and emphasized the coopetition  consumption of surrounding cities in China’s prefecture-level
relationship among county authorities in their conclusion (Cao  and above cities based on a spatial econometric model (Cai
et al, 2022). Huang et al. performed the industry production et al, 2022). Moreover, studies from the perspective of a
efficiency of the Chengdu-Chongqing economic circle under  regional economic structure are more popular. Wang used the
different strategies by constructing a regional competition and  methods of centrality and cohesive subgroup analysis to explore
cooperation framework based on the Meta-Frontier D.E.A. model  the high-speed rail network construction effect on the regional
(Huang et al., 2020). economic structure of the Greater Bay Area (Wang and Zhang,

To promote the ordinate development of the regional economy, ~ 2021). Zhang et al. constructed a DID estimation model from the
urban agglomeration along high-speed rail lines must achieve good  perspective of urban agglomeration, and studied the opening of
and orderly coopetition strategies. Enhancing the intrinsic  high-speed rail effect on the economic development pattern and its
economic linkages can not only prevents the emergency of a  mechanism (Zhang et al., 2022); Wang analyzed the changes in the
wrong competition pattern of “active competition and negative  accessibility of the Beijing-Tianjin-Hebei region and the spatial
cooperation” between cities, but also stimulates their close  distribution pattern of economic activities by the construction of
cooperation (Zhou et al,, 2018). Many scholars have studied the  high-speed rail at different scales (Wang and Zhang, 2021); Ruan
impact of high-speed rail construction on cities from different et al. employed technical models and methods such as gravitational
perspectives. Some of them have used a variety of approaches to  model, locational advantage potential model, and Theil coefficient
study the influence of HSR construction from the viewpoint of  to comprehensively measure the impact of HSR on the regional
population and employment growth, environmental impacts, economic spatial pattern of the Pearl River Delta urban
spatial and temporal structural characteristics, and urban  agglomerations, which including three dimensions: regional
consumption. Kasu et al. used an integrated spatial regression
model based on spatial lags and spatial error correlation to
study the relevance between intercity passenger rail and
population growth and employment growth in the continental Statistics Double fixed effect
United States (Kasu and Chi, 2018). Hiramatsu studied cities in
the high-speed rail route in Kyoto, Japan, and developed an Time test Unit test
interregional computational general equilibrium model based on

TABLE 3 Test results.

R . F-value 5374+ 7454
the behavioral patterns of consumers and producers, which

explained the impact of high-speed rail construction on the Chi-square value 52210 61.83™
growth of population and employment in different cities  Note: = represents significance levels of 1%.
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TABLE 4 Model calculation results.
Time fixed

Constant terms 3.50%** (13.08)

10.3389/fenvs.2023.1082664

Single fixed Double fixed

5.67** (2.04) 6.13%** (7.92)

FI 0.18** (2.37) 033 (8.19) 0.43** (2.41)
LG 0.18* (1.79) 0217 (2.81) 018 (2.11)
IC 1,550 (10.19) 1.35% (1.61) 1.55% (2.04)
HCM 0.76** (2.31) 0.64** (2.33) 0.85"* (11.27)
RD 7.63** (2.47) 6.48*** (8.13) 8.39%* (2.36)
UR 1.37 (1.50) 1.66* (~1.81) 1.68 (.93)
SL_FI ~0.85** (2.41) —0.81** (1.98) ~1.27 (-.84)
SL_LG ~0.17 (.54) ~0.23* (1.84) ~0.16* (1.77)
SL_IC 0.77"* (4.88) 0.63 (0.82) 0.98" (-2.13)
SL_.HCM 0.066 (0.77) 0.081 (0.41) 0.15 (~0.74)

Statistics F = 30.181***, R2 = 0.839

F = 22.688***, R2 = 0.851 F = 28.725%*, R2 = 0.897

Note: The value of t is in parentheses. *, ** and *** represent significance levels of 10%, 5%, and 1%, respectively.

economic linkage, regional advantage potential, and regional
economic spatial stability (Ruan et al., 2020).

The existing studies on the development of high-speed rail
network construction on the level of urban development have
mainly focused on the increased range and the increased size.
However, they are lacking in some aspects. First, because they
mainly focus on the scope and magnitude of the rise, these studies
ignore the impact of HSR construction on the structure of urban
agglomerations and the relative lack of research on the change in the
development status of specific cities in the region. An urban
agglomeration generally has one or even more central cities. And
the formation of these major cities may be affected by the construction
of a high-speed rail network, which changes the urban agglomeration
structure and the economic connection with the surrounding areas.
Second, although previous studies are conducted for competition
among cities, they seldom view the effect of specific variables on
neighboring cities based on the urban agglomeration perspective.
Under the HSR effect, the way the variables concerning the city-
competition relationship affect the development of neighboring cities
needs to be analyzed, which provides a basis for formulating industrial
development strategies and talent introduction policies in urban
agglomerations.

The city affiliation degree indicates the degree of subordination of a
city to other cities in terms of economic development. And it reflects the
financial structure and coopetition within the region. It is a scientific issue
worthy of study. Therefore, it is important to study the coopetition
relationship and city-industry integration of urban agglomerations under
the high-speed rail effect for regional development. At the same time,
based on the present urban agglomeration structure, it is necessary to
assess how each variable of the urban coopetition relationship is
influenced, and make suggestions for optimization based on the
assessment results. This article uses the research object of the
underdeveloped urban agglomeration in central China. First, based on
the panel data of the urban agglomeration along the high-speed rail line in
Jiangxi Province, an econometric model of the coopetition relationship is
established to summarize the ways in which different variables affect the
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neighboring cities. This method explores the coopetition of the urban
agglomeration along the high-speed railway line, and evaluates the impact
of the relationship on the city-industrial integration. Second, the
evaluation index system of city-industry integration is built to evaluate
the degree of city-industry integration in Jiangxi province. And the index’s
weight are currented by the entropy model. Base on that degree, the
improved economic gravity model is used to compare the financial
connection strength of urban agglomerations along the line before and
after the opening of the high-speed railway, and obtained the way of
change of the structure of urban agglomerations in Jiangxi Province as
well as the economic affiliation. The results of the study provide a
theoretical basis for improving the city-industry integration and
coordination of coopetition relationships in urban agglomerations in
Jiangxi Province.

2 Materials and methods

The spatial econometric theory suggests that certain economic and
geographic phenomena or attributes of a region are spatially correlated
with neighboring areas, i.e. (Anselin, 2013). It means the cooperative
characteristics of inter-city rivalry will dominate the choice of inter-
city rivalry strategies, dynamic evolutionary trends, and evolutionary
equilibria. The coopetition between different cities is inevitable in the
developing process of urban areas along the high-speed rail line, which
would primarily affect the city-industry integration. Therefore,
researching the cooperation and competition relationship among
cities along high-speed rail lines is crucial for the city-industry
integration of individual cities and other cities.

2.1 Econometric model of the coopetition
relationship

This article explains the characteristics of coopetition in terms of
both competition and cooperation, and evaluates the impact on the

frontiersin.org
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TABLE 5 Attractiveness index.

10.3389/fenvs.2023.1082664

Nanchang Yingtan Jiujiang Ganzhou Yichun Shangrao Ji'an Pingxiang Xinyu Fuzhou Jingdezhen
Nanchang — 0.4916 0.4698 0.4425 0.4346 0.4185 03982 0.3949 0.3795 0.3596 03364
Yingtan 05084 — 0.4782 0.4508 0.4429 0.4267 0.4063 0.4029 0.3874 03674 03439
Jiujiang 0.5302 05218 — 04725 0.4645 0.4482 0.4275 0.4241 0.4084 03879 03638
Ganzhou 05575 0.5492 05275 —_ 0.492 0.4755 0.4546 04512 04352 0.4143 03897
Yichun 0.5654 05571 05355 0.508 — 0.4836 0.4626 0.4591 0.4431 04221 03973
Shangrao 0.5815 05733 05518 0.5245 0.5164 — 0.479 04755 0.4594 0.4382 0.4132
Jian 0.6018 0.5937 0.5725 0.5454 0.5374 0521 — 0.4965 0.4803 0.459 04337
Pingxiang 0.6051 05971 0.5759 0.5488 0.5409 0.5245 0.5035 — 0.4833 0.4625 04371
Xinyu 0.6205 0.6126 0.5916 0.5648 0.5569 0.5406 05197 0.5167 — 0.4791 04536
Fuzhou 0.6404 0.6326 0.6121 05857 0.5779 05618 0.541 0.5375 0.5209 — 0.4744
Jingdezhen 0.6636 0.6561 0.6362 0.6103 0.6027 0.5868 0.5663 0.5629 0.5464 0.5256 —
degree  of city-industry  integration.  Considering the 2.2 Entropy model

comprehensiveness and scientific nature of the model, and
combined with the availability of relevant data, the amount of
investment and labor force growth are selected as variables
representing the regional competition relationship. The level of
industry concentration and human capital flow represents the
regional cooperation relationship. And the lagged terms of each
explanatory variable are introduced to reflect the influence of the
competition relationship on the integration of the remaining cities in
the region into the city-industry integration. The econometric model
of urban competition cooperation relationship is as follows:

ln(lOO*DCI,,) =a; + ﬁl *FI,'t + ﬁz*LGit + ﬁs*ln (IC,t) + ﬁ4*HCM,'t
+ p*Qy + 8+SLy + &
(1

In Formula 1, DCI} is the degree of city-industry integration of
city i in the year t. FI;; refers to the investment amount in city i in the
year t; LGy, is the labor force growth in city i in the year # ICj is the
level of industry concentration in city i in the year t; HCM is the flow
level of human capital mobility level in city i in the year £; Q; is control
variable including RD;; and URy; RDj; is the proportion of scientific
research funds in GDP, and UR;; is the level of urbanization; SL;; is the
Spatial lag term of FI;;, LGy, ICy;, and HCMj;; «; is constant term; &
is the random error term. f3,, f,, f;, and B, are the regression
coefficients of the four explanatory variables. The economic model
of the coopetition relationship are developed to explain the effect of
cooperation and competition among cities, which influence the city-
industry integration of itself and surrounding cities. The variables
including fixed investment (FI), labor force growth (LG), industrial
concentration degree (IC), and human capital mobility (HCM). Effect
ways of those variables are illustrated by comparing the results of their
fixed effect model with the spatial terms of them. On the premise that
the fixed-effects model of the variable is positive, if its spatial lag term
is negative, it indicates that the improvement of the variable will
the the
development of the surrounding cities; if both are positive, the

promote city-industry integration while inhibiting

joint development of the city-industry integration will be realized.

Frontiers in Environmental Science 05

The city-industry integration refers to the integration of industry
development and urban function in a specific region, the essence of
which is people as the core, the city as the foundation, and industry as
the driving force. And the coupling relationship between these three
elements is the embodiment of the degree of city-industry integration.

The evaluation model of city-industry integration, a model
including various indicators, is employed to appraise the degree of
city-industry integration under the high-speed rail effect. To improve
the index system, we constructed the evaluation indicator for city-
industry integration in the reference literature (Zhou et al, 2016;
Zhang and Shen, 2017; Zou and Cong, 2019), as shown in Table 1. And
the weights of indicators are calculated by the entropy model, which
achieves the objective empowerment of indicators.

The entropy weighting method is an objective weighting approach
that determines the weights through the values of evaluation indicators.
The principle is that the greater the degree of variation of an evaluation
object in a specific indicator, the greater the weight. This paper selects
the entropy weight method to measure the development level of city-
industry integration. In this method, the impact of high-speed rail on
city-industry integration is quantified from the perspective of Jiangxi
Province as a whole and from the perspective of each city. Suppose the
number of evaluation indicators is 7 and the number of system layers is
n. The calculation steps of the evaluation of the level of development of
city-industry integration based on this method are as follows:

Xjj — minx;;
ry=—a 4 2
" maxx; — minx; 2
P maxxij - x,‘j (3)
V7 maxxy; — minx;
1 m
H; = —%Z,=lf,.j* Inf, (4)
/ 1-H;
W= ©)
n-— ZH,
i=1
Ui = z;zlwi*rij (6)
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TABLE 6 Economic distance between cities without high-speed rail.

10.3389/fenvs.2023.1082664

Nanchang Yingtan Jiujiang Ganzhou Yichun Shangrao Ji'an Pingxiang Xinyu Fuzhou Jingdezhen

Nanchang — 88.1 79 209.8 123.7 151.8 123.6 156.1 92.8 63.4 187
Yingtan 82.2 — 95.2 219.4 135.9 61.1 1329 156.5 109.1 88.2 107.4
Jiujiang 75.2 97.1 — 252.1 165.1 2153 1732 228.6 143.7 195.5 81.9
Ganzhou 188.2 2102 237 — 374.8 2813 89.9 4253 329.3 360.2 447.7
Yichun 110.3 130.1 155.3 374.8 — 186.1 181.9 45.5 40.2 162.8 3255
Shangrao 142.5 61.5 2127 295.9 195.4 — 193.6 217.2 160.4 161.9 170.3
Jian 116.6 133.8 1715 94.7 191.9 193.9 — 306.3 1852 152.2 323
Pingxiang 149.6 160.2 230.4 454.2 49 2212 3112 — 66 2125 335.5
Xinyu 92.3 1155 150.2 362.6 449 169.4 196.2 68.6 — 130.2 213.6
Fuzhou 56.1 84.8 187.3 358.2 1622 155.6 146.2 201.4 121.1 — 149.7
Jingdezhen 184.6 114.2 85.1 490.8 346.2 175.9 336.4 344.1 211.8 162.7 —

Formula 2 is the algorithm to conduct the positive indicator, and
Formula 3 is the algorithm to perform the negative indicator. x;; is the
value ith of the system jth index, and normalized data is r;;. H; is the
entropy of indicator i, and f;; = 7y Z y in Formula 4 is the
normalized value of r;; processed in columns In Formula 5, w; is
the index weight. In Formula 6, Uy, is the indicator of the system,

which is the composite score of city-industry integration.

2.3 Economic linkage gravitational model

Econometric linkage is the indicator to measure the degree of
economic connection among cities in areas, which not only reveal the
power of central cities’ expanding and outward radiation capacity, but also
reflects the acceptance of central cities’ radiation by surrounding cities.
Based on the results of city-industry integration degree in each city, we
employ the economic linkage gravitation model to manifest the
improvement of economic linkages, affiliation and urban
agglomeration structure of each city under the high-speed rail. The
closeness of economic ties among cities is often measured in economic
studies utilizing gravity models, which are generally expressed as follows:

R; = KMI’)IY‘" (7)
ij
where R;; indicate the urban economic connection between city i and
city j; K is the gravitational coefficient; M; and M ; are the mass of city i
and j; D{j is the distance between city i and j, which does not
necessarily represent the distance in space; r is the distance friction
coefficient.
In Formula 7, M; and M; can be replaced by the degree of city-
industry integration parameters proposed in this paper respectively,
and it is transformed into Formula 8 as follow:

Q,Q
D,

where Q; and Q; are the degree of city-industry integration,
respectively. Other parameters are the same as in Formula 7.

Frontiers in Environmental Science

In the existing literature, the gravitational coefficient K is usually
taken to be 1, which means that the attraction of two cities is
considered to be equal, which is clearly not the case. In this paper,
the gravitational coefficient is corrected by the following Formula 9:

.9
Kij_Qi"’Qj

)

where Kj; is the attraction index of city i by city j, and Q;, Q; refer to
the degree of city-industry integration of cities one and two
respectively.

Referring to Wang's research about urban distance, we combined
the travel time and traffic cost, and take exhausted costs into them to
build the urban distance D;; model (Wang, 2013). Then, the time
value, tired recovery, etc. Are transformed into cash costs, which are
combined with the traffic cost to the economic distance as urban
distance. The model is shown as follow:

Dj; = Fyist + Fiime + Fp (10)

where Dj; is the cost of city i to city j under the shortest travel time;
Fais is the distance cost; Fyip, is the time cost; F, is the cost of
recovery. The relevant parameters are expressed as follows:

Faig = Ftrans*dij (11)

Flime = Frjgz*tij (12)

F, = F g%ty (13)

tij =t + tgl] + t] (14)

P;

t; = 15%] (—‘) 15

¢ (1o (15)

tph = u,-*tp (16)

u; = 1+ 0.1* max (0, tg; - T,,,,-,,) (17)
T

g = Tms (18)

1+ 6,-*e(7”"*'g'7)

where Fiyqys is the cost per unit distance of the shortest travel mode;
F.jg. is the income per unit time of the travel subject; F), is the cost of
time required for fatigue recovery; d;; is the mileage from city i to city j;
t;j is the shortest time cost from city i to city j; t; and t; is the travel
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TABLE 7 Economic distance between cities after the opening of high-speed rail.

10.3389/fenvs.2023.1082664

Nanchang Yingtan Jiujiang Ganzhou Yichun Shangrao Ji'an Pingxiang Xinyu Fuzhou Jingdezhen
Nanchang — 96.6 86.6 256.1 119.1 156.5 1382 155.1 89.6 65.2 164.4
Yingtan 93.7 — 155.1 3337 190.4 73.5 216.8 2226 161.2 88.2 137.6
Jiujiang 83.6 156.4 — 287.7 187.4 179.8 188.3 2203 143.7 1312 89.9
Ganzhou 246.9 329 279.9 —_ 3144 392 133.8 3827 3212 360.2 402.3
Yichun 1135 187.6 182 3144 — 250 2335 51.1 438 162.8 325.5
Shangrao 153 73.7 178.7 398.7 254.4 — 276.8 282.5 2205 161.9 100.7
Jian 134.8 2174 186.2 136.5 238 276.9 — 269.8 207.9 1522 296.4
Pingxiang 1525 224.4 2211 3915 53.6 284.3 2715 — 76.3 1953 335.5
Xinyu 89.5 164.8 150.2 3327 47.4 224.8 2122 77.7 — 135.6 213.6
Fuzhou 59.7 84.8 125.4 3582 162.2 155.6 146.2 189.6 128.7 — 149.7
Jingdezhen 163.1 142 92 420.1 346.2 103.3 293.2 344.1 2118 162.7 —

time of city i and city j, respectively in urban areas; tg;; is the travel
time between city i and city j with the shortest time-consuming traffic
mode; P; is the total population of the urban area, the unit is ten
thousand people; ¢, is the fatigue recovery time; u; is the fatigue
correction index of traffic mode i; , is the initial fatigue recovery time
of vehicle i; T ,;,, is the time when the fatigue of the traveler starts to
gradually increase, and it usually takes a value of 3; T, is the
maximum value of the time required for fatigue recovery of the
traveler, generally taken as 15; §; is to take traffic mode i, when tgij =
0 that is, the minimum time required to recover fatigue, §; using high-
speed rail, general railway and highways, three modes of transport to
take the value of 59, 45, and 48, respectively; p; is the intensity
coefficient per unit of recovery time, again taking values of 0.28,
0.35, and 0.33 for the three traffic modes, respectively.

R is the distance friction coefficient in Formula 8. To calculate
easily, most researchers take r as 1 or 1, representing the state of
economic connection between regional cities. However, this treatment
only applies to the urban areas with excellent financial and
homogeneity balanced development in east central China, with
certain limitations. The unevenly developed Midwest region will
cause errors in the gravitational calculation results. In this paper,
the distance friction coefficient is defined as when there are high-speed
railways, ordinary railways, and expressways in adjacent cities, the
values are 2.00, 2.25, and 2.5, respectively; when cities are not adjacent,
there are high-speed railways, ordinary railways, and expressways in
adjacent cities, the values are 2.25, 2.50, and 2.75.

In order to observe more easily and intuitively the degree of economic
linkages between cities along the route itself and other cities in the region,
a study of economic linkage affiliation mode is referred to (Wang and
Guan, 2018). The model is used to describe the share of the volume of
economic linkages between two cities to explain their external radiation
capacity. The calculation formula is shown in Formula 19:

R;;

2 R;
j=1

M,'j:

(19)

where M;; is the ratio of the volume of economic ties between city i
and city j to the sum of economic linkages between city i and other
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cities, the larger M;; is, the greater the impact of city i is by the
n

economic connection of city j; Z R;j is the sum of the amount of
1
economic ties between city i and other cities.

2.4 Data sources

The above-mentioned coopetition relationship econometric
model, the evaluation model of city-industry integration, and the
improved economic gravity model rely on practical data for the
computational solution. Therefore, in this paper, panel data of
11 cities along the high-speed railway in Jiangxi Province
(Nanchang, Yingtan, Jiujiang, Ganzhou, Yichun, Shangrao, Ji’an,
Pingxiang, Xinyu, Fuzhou, and Jingdezhen) are selected, and the
data involved in the empirical study are obtained from the
2014-2018 Jiangxi Statistical Yearbook, the work reports of Jiangxi
Provincial Government, the statistical yearbooks and statistical
bulletins of each city, etc. Among them, travel time distances were
obtained from railroad 12306.com, Gaode Map, and Ctrip.com. Some
of the data were filled in by interpolation method to ensure
completeness and validity.

3 Results
3.1 Evaluation of city-industry integration

According to the evaluation index system of city-industry
integration constructed in section 1.2 and the index evaluation
model of entropy weight method, the data are processed by Eqs 2, 3.
Then the entropy of each index is derived according to Eq 4. After
that, the weight value of each index is derived according to Eq 5, as
shown in Table 1.

According to Eq 6, the data and weights of the corresponding
indicators are multiplied to obtain each indicator’s scores,
which are summed up to the related system scores. Finally, the
evaluation level of city-industry integration is the sum of all
indicators’ scores.
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TABLE 8 Economic connections of 11 cities in Jiangxi Province before the opening of high-speed rail.
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Nanchang Yingtan Jiujiang Ganzhou Yichun Pingxiang Xinyu Fuzhou Jingdezhen Total
Nanchang — 5.05 17.25 0.42 5.03 2.87 12 0.65 215 13.72 0.27 48.61
Yingtan 5.19 — 3.57 037 118 21.94 0.98 0.64 142 21 1.09 38.48
Jiujiang 21.75 371 — 025 25 1.24 0.49 0.24 0.69 0.07 2.07 33.01
Ganzhou 0.7 051 033 —_ 0.09 0.16 7.4 0.05 0.08 0.06 0.03 9.41
Yichun 8.5 1.65 33 0.09 — 045 1.49 33.02 39.4 0.42 0.02 88.34
Shangrao 46 29.04 157 0.15 0.41 — 0.34 025 048 041 031 37.56
Jian 2.09 141 0.67 7.89 1.54 037 — 0.42 118 0.46 0.06 16.09
Pingxiang 111 0.89 0.32 0.05 32.93 026 0.41 — 4.19 0.05 0.05 4026
Xinyu 3.57 1.94 0.89 0.08 38.61 0.49 112 4.07 — 0.19 0.16 5112
Fuzhou 32.18 4 0.13 0.08 0.57 0.58 0.6 0.07 026 — 0.11 38.58
Jingdezhen 0.56 1.78 33 0.04 0.02 0.4 0.07 0.07 0.2 0.1 — 6.54
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TABLE 9 Economic connections of 11 cities in Jiangxi Province after the opening of high-speed rail.

Nanchang Yingtan Jiujiang Ganzhou Yichun Shangrao Pingxiang Xinyu Fuzhou Jingdezhen Total
Nanchang — 1253 42.79 1.03 18.16 9.48 3.1 234 7.23 36.62 1.36 134.6
Yingtan 13.87 — 3.72 0.56 1.88 4238 111 1.02 1.9 21 2 70.54
Jiujiang 51.8 3.98 — 0.75 695 6.82 147 1.01 0.69 2.55 5.06 81.08
Ganzhou 141 0.71 0.89 —_ 0.56 031 10.28 028 037 0.06 0.17 15.04
Yichun 26.01 2.44 8.49 0.57 — 0.83 333 68 83.56 0.42 0.02 193.67
Shangrao 13.78 56.63 8.5 033 0.85 — 0.56 053 0.83 041 1146 93.88
Jian 4.96 1.61 2.02 11.85 372 0.61 — 227 3.46 0.46 031 31.27
Pingxiang 3.72 1.49 1.36 032 72.82 0.57 227 — 8.63 0.92 0.05 92.15
Xinyu 11.85 2.86 0.89 0.45 89.68 0.94 3.59 8.85 — 2.02 0.16 121.29
Fuzhou 77.78 4 446 0.08 0.57 0.58 0.6 114 247 — 0.11 91.79
Jingdezhen 273 3.56 8.4 0.24 0.02 1547 041 0.07 0.2 0.1 — 31.2
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FIGURE 1

Economic linkages change before (A) and after (B) opening high-speed rail.

Combining the Formula and Table 1 with the relevant data of
each city in Jiangxi Province, the degree of city-industry integration
in 11 cities along the high-speed railway in Jiangxi Province is
calculated and obtained, as shown in Table 2.

3.2 The impact of coopetition relationship on
city-industry integration

3.2.1 Model specification test
the data has data
characteristics, the model setting of the panel data should be

Since panel time and monomer
confirmed. In this paper, we choose the redundant variable test
method of the double fixed effect model and use STATA to
calculate and test whether the time and monomer dimensions of
the panel data exist to confirm the model set. The test results are
shown in Table 3.

As can be seen from Table 3, both time and single-unit effect tests
are significant, and both F-values and chi-square values pass the test at
the 1% significance level. That means the collected panel data have

both time and single-unit dimensions.

3.2.2 Analysis of model results

Since the panel data have both time and single dimensions, both of
them should be taken into consideration in the setting of the
coopetition relationship model. Using a fixed-effects model with
Stata software, the calculated result data are shown in Table 4.

As seen from Table 4, the overall estimated fit of the model is
better, and all are more significant, indicating that the model has good
explanatory power.

It can be seen from Table 4 that fixed investment (FI) and labor
force growth (LG) are the two explanatory variables representing the
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regional competitive relationship. The fitted coefficients of fixed
investment (FI) in all three models are significantly positive (0.18,
0.33, and 0.43) and conform to the 5% significance level, indicating
that investment volume can enhance the development of city-industry
integration in this city. The appropriate coefficients of its spatial lag
term (SL_FI) in both the time and single-unit fixed effects models are
negative (—0.85, —0.81, and —1.27), indicating that the competitive
behavior of cities in response to investment will hurt the development
of city-industry integration in the remaining cities. The fitted
coefficients of labor force growth (LG) are 0.18, 0.21, and 0.21,
respectively, which show that labor force growth can effectively
enhance the development of city-industry integration in this city.
Still, the fitted coefficients of its spatial lag term (SL_LG)
are —0.23 and —0.16 in the single and double fixed effect models,
respectively, which means that the labor force growth in this city will
inhibit the development of city-industry integration in the remaining
cities. In a nutshell, the explanatory variables with competitive
attributes in the cooperative characteristics of city coopetition will
negatively affect the outcome variable of city-industry integration in
other cities and positively affect themselves.

The level of industrial concentration (IC) and the level of human
capital mobility (HCM) are the two explanatory variables representing
the regional cooperation relationship. The values ZY are 1.55, 1.35,
1.55, and the corresponding spatial lag term (SL_HCM) in the time
and double fixed effect models are 0.77 and 0.98, respectively. That
indicates the level of industrial concentration can significantly
enhance the development of city-industry integration in this area
and will promote the development of city-industry integration in the
rest of the cities. The fitted coefficients HCM are all positive at the 5%
significance level, but its corresponding spatial lag term (SL_HCM) is
not significant in each model, which confirms that the level of human
capital mobility can effectively enhance the development of city-
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TABLE 10 Economic affiliation of cities before opening high-speed rail.

10.3389/fenvs.2023.1082664

Yingtan Jiujiang = Gan Yichun Shangrao Ji'an = Pingxiang Xinyu Fuzhou Jingdezhen
Nanchang —_ 10.39% 35.49% 0.86% 10.35% 5.90% 247% 1.34% 4.42% 28.22% 0.56%
Yingtan 13.49% — 9.28% 0.96% 3.07% 57.02% 2.55% 1.66% 3.69% 5.46% 2.83%
Jiujiang 65.89% 11.24% —_ 0.76% 7.57% 3.76% 1.48% 0.73% 2.09% 0.21% 6.27%
Ganzhou 7.44% 5.42% 3.51% — 0.96% 1.70% 78.64% 0.53% 0.85% 0.64% 0.32%
Yichun 9.62% 1.87% 3.74% 0.10% —_ 0.51% 1.69% 37.38% 44.60% 0.48% 0.02%
Shangrao 12.25% 77.32% 4.18% 0.40% 1.09% — 0.91% 0.67% 1.28% 1.09% 0.83%
Ji'an 12.99% 8.76% 4.16% 49.04% 9.57% 2.30% —_ 2.61% 7.33% 2.86% 0.37%
Pingxiang 2.76% 221% 0.79% 0.12% 81.79% 0.65% 1.02% — 10.41% 0.12% 0.12%
Xinyu 6.98% 3.79% 1.74% 0.16% 75.53% 0.96% 2.19% 7.96% _ 0.37% 0.31%
Fuzhou 83.41% 10.37% 0.34% 0.21% 1.48% 1.50% 1.56% 0.18% 0.67% — 0.29%
Jingdezhen 8.56% 27.22% 50.46% 0.61% 0.31% 6.12% 1.07% 1.07% 3.06% 1.53% —_
Affiliation 223.39% 158.59% 113.68% 53.22% 191.71% 80.41% 93.57% 54.13% 78.41% | 40.98% 11.92%

industry integration in this city, but has no significant impact in the
rest of the cities in the region. In conclusion, explanatory variables
with cooperative attributes in the cooperative characteristics of city
competition will have a positive or non-significant effect on the
outcome variable of city-industry integration in other cities and a
positive effect on itself.

3.3 Analysis of high-speed rail effect on the
cities’ economic cooperation

According to Eq. 9 and Table 2, the gravitational index Kj; of
city i under city j can be calculated, as shown in Table 5. Combining
Eqs 10-18, we calculated the economic distance Dj; between cities
without and with the opening of high-speed rail, as shown in
Tables 6, 7.

TABLE 11 Economic affiliation of cities after the opening of high-speed rail.

Those tables show a difference in the high-speed rail opening effect
on the economic distance of cities along the route. The economic
distance between cities reflects the transportation travel costs, which
are positively correlated with each other. High-speed rail increases
regional accessibility between cities, thus reducing time costs and
facilitating economic interactions. In addition, it has a significant
impact on passenger flows, accelerating the crowd concentration effect
and increasing the share of employment in secondary and tertiary
industries (Cai et al., 2022). As a transportation hub city in the
province, Nanchang has relatively fewer transportation travel costs
affected by the effect of high-speed rail. For cities such as Yingtan,
Jiujiang, Yichun, Shangrao, Pingxiang, Ganzhou, Ji’an, and Xinyu, the
transportation cost of residents has increased after the opening of
high-speed rail. The reason is that residents in these cities have
relatively low incomes and pay more attention to the economy of
travel modes than the time cost. After the opening of high-speed rail,

Yingtan Jiujiang = Gan Yichun Shangrao Ji'an  Pingxiang Xinyu Fuzhou Jingdezhen
Nanchang —_ 9.31% 31.79% 0.77% 13.49% 7.04% 2.30% 1.74% 5.37% 27.21% 1.01%
Yingtan 19.66% —_ 5.27% 0.79% 2.67% 60.08% 1.57% 1.45% 2.69% 2.98% 2.84%
Jiujiang 63.89% 4.91% —_ 0.93% 8.57% 8.41% 1.81% 1.25% 0.85% 3.15% 6.24%
Ganzhou 9.38% 4.72% 5.92% —_ 3.72% 2.06% 68.35% 1.86% 2.46% 0.40% 1.13%
Yichun 13.43% 1.26% 4.38% 0.29% —_ 0.43% 1.72% 35.11% 43.15% 0.22% 0.01%
Shangrao 14.68% 60.32% 9.05% 0.35% 0.91% —_— 0.60% 0.56% 0.88% 0.44% 12.21%
Jian 15.86% 5.15% 6.46% 37.90% 11.90% 1.95% —_ 7.26% 11.06% 1.47% 0.99%
Pingxiang 4.04% 1.62% 1.48% 0.35% 79.02% 0.62% 2.46% —_ 9.37% 1.00% 0.05%
Xinyu 9.77% 2.36% 0.73% 0.37% 73.94% 0.78% 2.96% 7.30% _ 1.67% 0.13%
Fuzhou 84.74% 4.36% 4.86% 0.09% 0.62% 0.63% 0.65% 1.24% 2.69% —_ 0.12%
Jingdezhen 8.75% 11.41% 26.92% 0.77% 0.06% 49.58% 1.31% 0.22% 0.64% 0.32% _
Affiliation 244.19% 96.10% 65.08% 41.84% 181.41% 124.54% 81.44% 56.25% 73.80% 11.63% 23.72%
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Fuzhou, and Jingdezhen residents’ transportation travel costs have
decreased because the geographical distance between these cities and
some cities is shorter, and the original transportation travel costs are
more diminutive. At the same time, the opening of some high-speed
rail lines did not significantly increase the cost of travel between the
two cities but shortened the travel time.

According to Eq 8, find the specific value of the two corresponding
economic linkages, which reflects the influence among the cities before
and after the opening of high-speed rail. Then, the city-industry
integration assessment value was multiplied by 1,000 to facilitate
observation, and the calculation results are shown in Tables 8, 9.

The gravity model calculation determines the volume of economic
linkages between cities in Jiangxi Province. The results are mainly
influenced by the degree of city-industry integration and economic
distance. The data in Tables 8, 9 are compared to observe the changes
in the economic linkage volume after the opening of the high-speed
railroad. Meanwhile, to show the differences more visually, this paper
utilizes ArcGIS to map the volume of urban economic linkages based
on the data in Tables 8 and 9, which indicates the economic linkage by
connecting each city’s center points with the line segment’s color and
thickness. When the volume of economic linkage between two cities is
greater, the line is thicker and darker. And the results in a) and b) are
in Figure 1 below.

Figure 1A shows the situation before the opening of high-speed
railroad lines. Jiangxi province could be divided into Nanchang-Jiujiang-
Fuzhou urban agglomeration, Yingtan-Shangrao urban agglomeration,
Pingxiang-Xinyu-Yichun, and Ji'an-Ganzhou urban agglomeration. Since
Nanchang is a provincial capital city, its economic linkages with other
urban agglomerations are more notable in terms of volume. However, the
economic linkages between other regions were weak, mostly less than
2.09. The economic linkages among the urban agglomerations led by Ji'an
and other regions were less than 0.7, forming a more isolated part of
Jiangxi province in Figure 1 A. Figure 1B shows that the economic linkages
among urban agglomerations have significantly enhanced after the
opening of high-speed railroad lines. It performs a trend of mutual
integration and outward expansion. In the Yingtan-Shangrao urban
agglomeration, the amount of economic linkages among Jingdezhen,
Yingtan, and Shangrao increased significantly after the opening of the
high-speed railroad. And a new urban agglomeration is formed by these
three cities. At the same time, the Nanchang-Jiujiang-Fuzhou urban
agglomeration is led by the provincial capital. Nanchang, the capital of
Jiangxi province, has greater economic linkages with the surrounding
urban agglomerations, and its core position in the area is more solid. In
addition, in the Yichun-Pingxiang-Xinyu urban agglomeration, the
economic linkage between Pingxiang and Xinyu has been enhanced,
and the urban agglomeration Jian-Ganzhou City in the south is
connected as a link in the central part of Jiangxi Province.

According to Tables 8, 9, and Eq 19, the affiliation degree of economic
linkages of 11 cities in Jiangxi Province before and after opening high-
speed rail is calculated. The top three cities in terms of economic affiliation
are shown in Tables 10, 11.

4 Conclusion

From the perspective of city-industry integration, an economic
gravity model and a coopetition relationship econometric model are
constructed to analyze the urban agglomeration structures in the
province and their changing trends under the influence of high-
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speed rail. Moreover, it is important for evaluating different
economic variables to suppress unhealthy competition and promote
cooperative development of urban agglomerations. Developing high-
speed rail networks can promote the prosperity and vitality of cities. In
this paper, based on the panel data of cities in Jiangxi Province and the
relative attributes of transportation, the evaluation model of city-
industry integration, the econometric model of the coopetition
and the
constructed, respectively. Then, cities’ economic linkage and

relationship, economic linkage gravity model are
affiliation are analyzed, and the influence mode of the coopetition
relationship variables in the city-industry integration is analyzed. The

results are shown as follows:

1) Different economic variables of one city affect neighboring in
different ways under the coopetition relationship. Substituting
each variable into the time-fixed model, single-fixed model and
double-fixed model, the fitting coefficients of the fixed investment
(FI) and labor force growth (LG) variables into these three models
are positive, while their spatial lagged terms (SL_FI) and (SL_LG)
are negative in these three models, respectively. This indicates that
their improvement is beneficial to their own city-industry
integration development, but the growth of these two indicators
inhibits the growth of other cities. In addition, the fitted coefficients
of industrial concentration level (IC) and its spatial lag term (SL_
IC) are positive in all three models, indicating that its increase can
promote the development of city-industry integration in this city
and other cities at the same time. Although the level of human
capital mobility (HCM) can significantly enhance the development
of its own city-industry integration, it does not noticeably affect
other cities. In total, it can be concluded that reducing the growth
rate of fixed capital investment and labor force while accelerating
the process of industrial centralization is conducive to suppressing
the competitive relationship of urban agglomerations and
reinforcing their cooperative relationship.

Why does an increase in two explanatory variables, investment
(FI) and labor force growth (LG), lead to a lower level of city-
industry integration in other cities? The reason may be as follows:
within an urban agglomeration, the overall investment is relatively
limited. When the fixed investment is given to one of the cities,
the other cities have less, thus showing a competing pattern. At
the same time, an increase in foreign direct investment leads to
effect” that
neighboring cities, a result similar to Garcia’s findings (Garcia
et al., 2013).

The labor force growth can be broadly divided into two areas:

a “crowding-out reduces firms’ capacity in

the native-born labor force and the migrant labor force. For cities in
the center of urban agglomerations, although the local population
growth is limited, it can attract the employment of migrant workers
from neighboring cities and promote labor mobility and settlement
there. In the regional competition, the increase of the mobile labor
force will boost the local government to respond to labor demand
and thus increase the proportion of public welfare spending on
people’s livelihoods (Yang et al., 2019), which will further enhance
the city-industry integration in this city. An urban agglomeration
has limited labor force growth, and the labor force tends to go to
cities with more job opportunities and more developed industrial
structures for employment. In contrast, fewer job opportunities
exist for regions with more backward economic development.
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Hence, a higher labor force growth in one city means that other
cities will be limited. The relatively low labor force growth will
further reduce city-industry integration. The reduction in travel
time costs due to the opening of high-speed rail and the
which
turn leads to further development of the city’s economic level
(Junius, 1997), reduces the income gap between regions (Yang
et al., 2022).

concomitant increase in industrial concentration, in

2) The high-speed rail opening can enhance the economic connection
among cities. The continuous expansion of the high-speed railway
network in Jiangxi province reduced the average economic distance
between cities from 1946.10 to 1839.59, which caused a significant
increase in the level of city-industry integration development in
each city. With the development of high-speed railroads, the
average amount of economic linkages between cities increases
from 37.09 to 86.96, reflecting the significant effect of high-
speed railways on the amount of economic linkages. The
financial affiliation of cities is calculated based on the economic
linkage data. The construction of high-speed rail lines will cut the
economic distance between places and strengthen economic ties
among urban agglomeration.

In addition, constructing the high-speed rail network can
enhance the connection among urban agglomerations. For the
urban agglomerations that were previously not closely connected
economically, one or several more connected cities will be used as
hubs on the original basis. The economic connection of non-closely
related areas will be improved, and this situation will enhance the
central position of the hub city in the urban agglomeration. Since
Ji'an and Ganzhou are located in the southern region of Jiangxi
Province, their relative independence in terms of economic
linkages is highlighted even more. However, with relevant high-
speed rail facilities opening, Ji'an has shown an increase in
economic linkages to neighboring urban agglomerations since
its proximity to Pingxiang and Xinyu cities. Therefore, it can be
considered a hub to bridge the urban agglomeration in the north
and south of Jiangxi Province.

3) The high-speed rail opening can strengthen the affiliation of the
major city, and facilitating the new central city. According to the
degree of economic affiliation, there are four major economic
development regions in Jiangxi Province: @ the Nanchang-
Jiujiang-Fuzhou wurban agglomeration; @ the Shangrao-
Yingtan-Jingdezhen urban agglomeration; ® the Pingxiang-
Yichun-Xinyu urban agglomeration; @ the Ganzhou-Ji’an
urban agglomeration. Those financial centers are Nanchang,
Shangrao, Pingxiang, and Ganzhou. Among them, Nanchang,
as the capital city of Jiangxi Province, has a high economic and
political status. According to the results of Section 3.3,
Nanchang’s affiliation degree from other cities increased
from 223.39% to 244.19% after the opening of the high-speed
railway. It proves that Nanchang’s radiation capacity has
increased, and its status as a central city in Jiangxi province
is becoming more solid. It has formed a form of multi-urban
agglomerations grouping and radiating to the central cities of
each other, with Nanchang as the center of gravity.
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Besides, the construction of high-speed rail can promote the creation
of the central city of the urban agglomeration. The most typical case is
“Shangrao-Yingtan-Jingdezhen,” located in the eastern part of Ganzhou.
Before the high-speed railway’s opening, the cluster’s central city was
Yingtan. Still, after the start of the high-speed railway, Shangrao became
the most affiliated city and became the new major city. This phenomenon
might be because the economic gap between the two cities was not so large
before. And after the high-speed rail opening, one of them rapidly
developed with its better location.

5 Limitations and recommendation

However, this study also has certain limitations that can be considered
for future research. On the one hand, the city distance one value in the
gravity model only feels the fastest single transportation mode between
cities, which means that the transit time between different transportation
modes and the economic cost of additional transportation options are not
considered. This aspect may affect the travel choice of passengers between
cities that are far away and have not yet opened high-speed rail. On the
other hand, the city-industry integration evaluation system does not
consider the influence caused by political and cultural factors. However,
different countries and regions have different levels of economic
development, so their context-specific considerations need to be
considered. Future research can be improved in the following way.
Firstly, the study can be improved by selectively adding some
indicators about specific cultural industry or policy, and recalculate the
weight of indictors. Secondly, future research can complicate the distance
friction coefficient or the attraction index in a more complex function
expression, which can efficiently describe the transit among different
transportation.

According to the results of the paper, there are some recommendations
for urban agglomeration in Jiangxi Province. On the one hand, cooperation
with neighboring cities is strengthened according to the urban
agglomerations’ geographical location and original industrial structure.
In turn, it will form compatible urban agglomerations in the region and
achieve differentiated development within the agglomerations. Cities with a
lower degree of city-industry integration should take the initiative to
undertake industrial transfer and appropriately transfer population,
resources, technology, and other industrial factors to those cities with
lower city-industry integration. And cities with a higher degree of city-
industry integration have to focus on developing “cutting-edge” industries
and form a reasonable division of labor in regional industries. Furthermore,
the cooperation and exchange within each urban agglomeration should be
strengthened, the construction of high-speed rail should be reasonably
planned, the scale of the high-speed rail network should be expanded, and
the connection of transportation infrastructure should be improved. That
would realize the sharing of public services of cities within the region and
enhances the overall degree of city-industry integration of urban
agglomerations. Finally, to avoid vicious competition, the cooperation
circulation of human capital should be strengthened between each
urban agglomeration group through the enhancement of high-speed
railway accessibility that would promote the high-frequency exchange
and interaction of high-level talents. At the same time, attention should
be paid to the reasonable distribution of fixed investment in each urban
agglomeration to avoid the reduction of the overall degree of city-industry
integration development of urban agglomerations due to over-
concentration.
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