<@ sustainability

Article

Research on Dynamic Comprehensive Evaluation of
Metropolitan Area Development Level Based on Quadratic
Weighting: A Case Study of Four Metropolitan Areas in the
Yangtze River Delta Region

Honggiang Wang !, Linlin Zheng 1'* and Yingjie Zhang 2

check for
updates

Citation: Wang, H.; Zheng, L.; Zhang,
Y. Research on Dynamic
Comprehensive Evaluation of
Metropolitan Area Development
Level Based on Quadratic Weighting:
A Case Study of Four Metropolitan
Areas in the Yangtze River Delta
Region. Sustainability 2022, 14, 11777.
https://doi.org/10.3390/su141811777

Academic Editor: Antonis A. Zorpas

Received: 29 June 2022
Accepted: 9 September 2022
Published: 19 September 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

School of Management, Shanghai University, Shanghai 200444, China
School of Management, University of Shanghai for Science and Technology, Shanghai 200093, China
*  Correspondence: dimpleszl00@163.com

2

Abstract: Nowadays, the development of a metropolitan area has become one of the milestones for
regions to move towards a high level of urbanization and has been elevated to a national strategy.
In this paper, the economic and social development level of the four major metropolitan areas in
the Yangtze River Delta region from 2005 to 2020 was dynamically evaluated by constructing an
evaluation index system, which is based on a new development concept of China, and applying
the “vertical and horizontal” evaluation method and model. Meanwhile, in order to reflect the
core development concept of “leading small cities with large ones and coordinating development”,
this study incorporates the spatial and temporal economic connectivity between the central city
and the surrounding small and medium sized member cities, as well as the industrial structure
rationality and synergy into the index system, and applies the gravity model, the Thiel index and
the industrial structure similarity coefficient to measure them, respectively. The study shows that
the economic and social development of the four metropolitan areas is extremely uneven, with each
area having certain shortcomings, and the development level of each area fluctuates significantly in
terms of economic connectivity and industrial structure. Finally, relevant suggestions are put forward
according to the shortcomings to provide reference for the future development direction of the
metropolitan area, which is of great practical significance to promote the high-quality development
of the regional economy.

Keywords: metropolitan area; dynamic evaluation; quadratic weighting method

1. Introduction

Throughout the development process of urbanization, when the urbanization rate of a
city exceeds 50%, the city gradually enters a period of rapid post-industrial development
and economic prosperity. However, the accelerated urbanization process has led to an
increase in urbanization pitfalls, such as rapid population growth, imbalanced regional
development, social inequality, uneven allocation of public resources and environmental
degradation [1]. As the negative impact of urbanization becomes more prominent, there
is greater concern about the urbanization process and intergenerational equity [2]. The
metropolitan area is considered to be the main element of the spatial structure of the post-
industrial period [3], and its development is an inevitable consequence of the urbanization
process and an important way to solve the problem of urbanization pitfalls. As a spatial
structure in which the central city radiantly drives the development of the member cities
and forms close economic connectivity, the metropolitan area is a key physical space for eco-
nomic growth, economic agglomeration, productivity innovation and competitiveness [4,5],
as well as an important part of the local, national and global economy [6], enabling the ag-
glomeration of talent, industry, investment and other factors, and can make use of regional
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transport infrastructure, research and technology, skilled workers, and buyer-supplier
networks and others to achieve free and efficient flows of capital [7], people, logistics and
information across administrative boundaries, rationalize the distribution of resources and
optimize the layout of industries within the area. This, in turn, creates a closer and more
deeply integrated socio-economy, with the advantage of being able to jointly exploit larger
city sizes to unlock greater agglomeration economies, while mitigating the negative returns
of over-concentration of activities in a single large center and taking regional economic
development to new heights [8].

From the historical perspective of development, China’s urbanization process is a
process of agglomeration of population, industry and land for construction in urban
areas [9,10]. China has the conditions to develop a metropolitan area pattern, and gov-
ernments around the country have successively issued blueprint plans for metropolitan
areas. In 2019, the Central Committee of the Communist Party of China and the State
Council issued the Outline of the Yangtze River Delta Regional Integrated Development
Plan (hereinafter referred to as the Outline), which clearly states that the development
of the Shanghai metropolitan area should be vigorously promoted to form a replicable
and promotable model metropolitan area, while driving the common development of the
surrounding metropolitan area in the Yangtze River Delta region. This will create a new
pattern of coordinated regional development, and enhance the level and capability of the
region in the world economic pattern. This indicates that the metropolitan area has become
an advanced spatial form with the ability to carry China’s economic development in the
new era, as a key hub in global networks for the movement of goods, capital, information
and people is an inevitable product of China’s position in the international platform [5].
At present, the representative metropolitan areas in the world, such as the New York
metropolitan area, the Tokyo metropolitan area and the London metropolitan area, are all
at a mature stage of metropolitan area development, and their comprehensive strength and
development momentum are very strong. China is relatively late in the process of develop-
ing metropolitan areas and has insufficient development momentum [11-13]. In order to
enhance international competitiveness, promoting the development of metropolitan areas
and forming a regional economic pattern of high-quality development is an important step
in the transformation of China’s economy into a new state. Therefore, by constructing
an evaluation index system, revealing the current situation of the economic and social
development level of the metropolitan areas, and then giving relevant countermeasure sug-
gestions to narrow the differences between the metropolitan areas, it is of great significance
to improve the quality of China’s coordinated regional economic development.

The current research areas on exploring the evaluation of the development level of
metropolitan areas are mainly focused on the following aspects: (1) Based on the perspec-
tive of selecting indicators for the evaluation system, most scholars have constructed an
evaluation index system to measure the development level of the metropolitan area through
economic development, infrastructure construction, innovation strength and public services
or political perspective [14-24]. The existing research results provide a certain theoretical
basis for evaluating the development level of metropolitan areas, but the construction of
the evaluation index system has not yet formed a unified standard in academic circles and
the index system in the existing research is less concerned with the selection of indicators
that can reflect the core development concept of metropolitan areas, such as the degree of
economic linkage and industrial structure. In the process of evaluating the development
level of metropolitan areas, it is not only necessary to consider the static statistical indicators
of the member cities within the metropolitan area, but also to fully reflect the inter-city
linkage and synergistic development relationship between the member cities within the
area. (2) Based on the application of evaluation methods, most of the evaluation methods
adopted by scholars belong to static evaluation methods, such as hierarchical analysis,
coefficient of variation method, entropy method, TOPSIS, etc. Compared with the above-
mentioned static evaluation research methods, the development process of metropolitan
areas is dynamic and changeable, and the development pattern expressed by temporal and
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spatial changes is random, so dynamic evaluation can reflect the development status of
metropolitan areas more objectively [25-32]. (3) Based on the selection of the evaluation
objects, most of the literature is based on the development of individual metropolitan areas,
or on the differences in development between multiple metropolitan areas, and less on
specific regions as a defined scope [33-39].

In summary, in order to improve the inadequate selection of indicators, this study
incorporates spatial-temporal economic linkage and industrial structure measurement
indicators into the evaluation system. For the selection of evaluation methods, this paper
adopts the “vertical and horizontal” evaluation method proposed by scholar Guo to study
the economic and social development level of metropolitan areas [40]. For the evaluation
of regional development, this method mainly focuses on the study of cities and urban ag-
glomerations [41-46], but does not pay attention to the research in the field of metropolitan
area. As the intermediate carrier of the transition from city to urban agglomeration, it is
necessary to study the development level of the metropolitan area. This paper applies the
method to the field of evaluation of metropolitan area development for the first time. As a
method of determining weights for panel data, the “vertical and horizontal” evaluation
method provides a new means and method for development evaluation of metropolitan
area and broadens the application field of the method. At the same time, this study takes
the four major metropolitan areas in the Yangtze River Delta region as the object of in-depth
research, and applies the method to research the development level of metropolitan areas,
exploring the patterns and characteristics of the four metropolitan areas over time from a
“vertical” perspective, and exploring the advantages and shortcomings of the development
at a certain time from a “horizontal” perspective, with a view to provide reference for
promoting the high-quality development of metropolitan areas.

2. Materials and Methods
2.1. The Evaluation Index System

By collating the research frameworks of scholars on metropolitan area development
studies (see Table 1 for details), the authors found that most scholars would explore the
comprehensive development status of metropolitan areas based on economic, infrastruc-
tural, innovation, spatial and environmental aspects when studying metropolitan areas in
different regions of different countries, while some scholars also include influencing factors
such as policy, population, transport construction and education [14,17,47-56].

Table 1. Research framework on metropolitan area development by relevant scholars.

Year Author Influencing Factors Research Object
2022 Li, J. G.; Lei, J.; et al. [14] Demographic, Economic, Spatial, Social Urbanization. Kashgar Metropolitan Area
Economic, Social Welfare, Living Environment Areas,
2021 Seoung-Uk, H.; Jae-Su, L. [47] Cultural Leisure Areas, Education, Transportation, Busan Metropolitan Area
Urban Development Plans.
2020 Paul, S. K.; Chatterjee, A.; Roy, Policy, Population, Transpgrt, Infrastructure, Kolkata Metropolitan Area
S. [49] Land Planning.
2020 Dadashpoor, H.; Malekzadeh, Contextual and Intrinsic, Incentive and Disincentive, Metropolitan Areas
N. [17] Developmental and Transformative. P
2020 Nie, X. P. [48] Economic Devel'opment Integration, Social Services, Pearl Rlve? East Bank
Environmental Governance. Metropolitan Area
2019 Boruciniska-Bierikowska, H. Human Migration, Economic Entities, Culture, Tourism Poznakl Metropolitan Area
[50] and Sport.
2018 Rajaonson, J i;g"{?nguay, G A Environmental Issues, Socioeconomic Issues. Montreal Metropolitan Area
Physical Conditions, Public Service Accessibility,
Economic Opportunities, Land Market, Population Kathmandu Metropolitan
2017 Thapa, R. B. [53] Growth, Political Situation, Government Plans Area

and Policies.
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Table 1. Cont.

Year Author Influencing Factors Research Object
. The Functional Change, Population Growth, Economic .
2017 Akiyama, C. M. [52] Growth, Environmental Quality, Social Justice. Beijing Metropolitan Area
. . ) Ecological Network and the Green Plan, Centrality
2013 Dlas L. F"Jl\f,oég?;ﬁ’ 5.; Costa, Strategy, Soft Mobility Development, Public Lisbon Metropolitan Area
B Transportation Networks.
2010 Bontje, M.; Pethe, H. [55] Transp.o.rt Infrastruc.tures, S.tudles and Job Amsterdam Metropolitan
Opportunities, Innovation, Policy, Infrastructure. Area
Tudea, C. E.: Tiew. G. General Infrastructure, Political, Administrative,
2008 s By HBW S Population, Education, Social, Economic, Bucharest Metropolitan Area
Popescu, D. [56] . .
Environmental, Spatial Levels.

At the same time, this paper found that when Chinese scholars construct evaluation
systems for regional development evaluation, they mostly combine them with China’s
development policies [12,27,43,44,57,58], such as the Five-in-One, the New Development
Concept and the Planning Outline (see Table 2 for details). As the saying goes, policy leads
and practice follows, and policy guidance can provide a clear direction of development
for economic and social development. Therefore, this paper selects the five new develop-
ment concepts of China “innovation, coordination, green, openness and sharing” as the
evaluation system construction concept.

Table 2. Evaluation index constructed by relevant scholars.

Year Author Evaluation Index Related Policy
Innovative Development, Coordinated Development,

2022 Chen, W.; Lan, M,; et al. [57] Green Development, Open Development, Planning Outline

Shared Development.
. Competitive Strength, Competitive Foundation, .
2021 WuJ. Q; WaN- Y- [12] Competitive Potential, Competitive Support. Instructions
) . Economic Development Quality, Social Development

2021 Tu, J. J.; Kuang, R.; et al. [58] Quality, Ecological Development Quality. Development Plan

2019 An, ]J. W,; Wang, ]. H. [27] Innovation, Coordination, Green, Openness, Sharing. New(]:DO e:igf; ment
Innovation Heat, Space Potential, Population Vitality,

2018 Liang,J. H.; Xie, L. W.; et al. [44] Public Service Capability, Degree of Integration, Planning Outline

Network Maturity.

Economic Construction, Political Construction, Social

2018 Li, X. H.; Zhu, Q. G. [43] Construction, Cultural Construction, Ecological Five-In-One

Civilization Construction.

With reference to the research of the above scholars, and combined with the new
development concept of China and the core development concept of “leading small cities
with large ones and coordinated development” in the metropolitan area, this paper con-
structs a comprehensive evaluation system for the economic and social development of
metropolitan areas based on scientific, systematic, comparable, representative and data
availability, which includes five subsystems: economy, innovation, infrastructure, space
and coordination, with a total of 46 indicators (see Table 3 for details).

Table 3. Comprehensive evaluation index system and weight.
Subsystem Level 1 Index Level 2 Index Number Unit Weight
Total GDP Al 108 yuan 0.0575
Economy (0.2) Economic Potential Added value of the primary industry A2 108 yuan 0.0419
Added value of the secondary industry A3 108 yuan 0.0575
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Table 3. Cont.

Subsystem Level 1 Index Level 2 Index Number Unit Weight
. . Added value of the tertiary industry A4 108 yuan 0.0572

Economic Potential Loan balances of financial institutions A5 108 yuan 0.0560

Fixed asset investment A6 10* yuan 0.0535

General public budget revenues A7 10* yuan 0.0562

Economic General public budget expenditures A8 10* yuan 0.0572

Foundation Financial environmental expenditure A9 10* yuan 0.0572

Financial education expenditure Al0 10* yuan 0.0570

Financial science expenditure All 10* yuan 0.0566

Economy (0.2) E . Actual utilization of foreign capital A12 10* dollars ~ 0.0574
conomic openness Total import and export trade Al3 10* dollars 0.0564

GDP per capita Al4 yuan 0.0555

Disposable income of urban residents per capita Al5 yuan 0.0567

Economic strength  Retail sales of social consumer goods per capita Alé yuan 0.0565

Average wage of employees in employment Al7 yuan 0.0527

Consumption expenditure per capita Al8 yuan 0.0569

Number of high-tech enterprises A19 piece 0.1981

' Tnnovation carriers Number of R&D faciliti?s run by industrial A20 piece 0.2011

Innovation (0.2) enterprises

Number of listed companies A2l piece 0.1988

State of the Number of patent applications A22 item 0.2019

knowledge economy Society-wide R&D expenditure A23 108 yuan 0.2001

Total postal and telecommunications services A24 10* yuan 0.0964

Basi . Port cargo throughput A25 10* Tons 0.0984

asic transportation Social freight vol A2 104 T, 0.0913

strength ocial freight volume ons .

Social passenger traffic A27 10* people  0.0922

Infrastructure Number of vehicles in operation A28 vehicle 0.0968
(02) Number of health institutions A29 piece 0.0977
Number of health technicians A30 person 0.0983

Public services Number of beds in health care institutions A31 piece 0.0991

Total number of full-time teachers A32 person 0.0995

Number of Ordinary High Schools A33 piece 0.0860

Built-up area A34 km? 0.1317

Green coverage of built-up areas A35 % 0.1160

Quality of living Green area of the park per capita A36 m? 0.1186

environment Electricity consumption per capita A37 kWh —
Space (0.2) Water supply per capita A38 m? 0.1169
Comprehgnswe u'tlhzat'lon rate of general A39 % 0.1296
industrial solid waste

Resident population A40 10* people 0.1313

Population size Urbanization rate A41 Yo 0.1358

Size of the floating population A42 person 0.1202

Radiated external Temporal economic connectivity A43 — 0.3707

Coordination forces Spatial economic connectivity A44 — 0.2725
0.2) . Rationality of industrial structure A45 — 0.1588
Industrial structure Synergy of Industrial structure Ad6 — 0.1980

The specific descriptions of the five subsystems in the evaluation system are as follows:
(1) The economy, as the foundation of regional livelihood, is the endogenous driving force
of regional development. The economic subsystem reflects the comprehensive economic
development strength of the metropolitan area through indicators such as industrial growth
value, fixed asset investment, public finance budget revenue, total import and export trade
and per capita retail sales of social consumer goods. (2) Innovation has now become the
first driving force in economic development. In the innovation subsystem, the innovation
strength of metropolitan areas is measured by indicators such as R&D expenditure, the



Sustainability 2022, 14, 11777

60of 17

number of patent applications and the number of R&D institutions. (3) Improvements in
infrastructure can increase people’s sense of access and well-being, which in turn attracts
foreign populations. The infrastructure subsystem explores the state of development of
people’s lives in the metropolitan area by selecting indicators that are closely related to
the people, such as education, healthcare and transportation. (4) The spatial subsystem
explores the quality of people’s lives while focusing on the green social sustainability of the
metropolitan area through environment-related indicators, such as greening level, waste
utilization rate and park area per capita. (5) The coordination subsystem is designed to
reflect the core development concept of the metropolitan area through spatial and temporal
economic linkages and industrial structure indicators, and then explores the complementary
and coordinated development among the member cities of the metropolitan area.

2.2. Evaluation Objects

The four major metropolitan areas of the Yangtze River Delta region, namely Shanghai,
Nanjing, Hangzhou and Hefei, are used as research objects in this study. According to the
relevant planning documents issued by the government for the metropolitan areas, a total of
26 cities are identified to be included in the four metropolitan areas (see Table 4). Given the
availability of data, the county-level cities of Liyang and Jintan in the Nanjing metropolitan
area are replaced by the prefecture-level city of Changzhou, and the county-level city of
Tongcheng in the Hefei metropolitan area is replaced by the prefecture-level city of Anqging.

Table 4. The member cities of the four metropolitan areas in the Yangtze River Delta region.

Metropolitan Area

Member Cities

Shanghai Metropolitan Area (SMA) Shanghai, Suzhou, Wuxi, Changzhou, Nantong, Jiaxing, Ningbo, Zhoushan, Huzhou

Nanjing Metropolitan Area (NMA)

Nanjing, Zhenjiang, Yangzhou, Huai’an, Ma’anshan, Chuzhou, Wuhu,
Xuancheng, Changzhou

Hangzhou Metropolitan Area (HZMA) Hangzhou, Huzhou, Jiaxing, Shaoxing, Quzhou, Huangshan
Hefei Metropolitan Area (HFMA) Hefei, Huainan, Liuan, Chuzhou, Wuhu, Ma’anshan, Bengbu, Anging

2.3. Data Sources and Processing

The data were mainly selected from the Statistical Yearbook of each city from 2005 to
2020, some of the data were referred to the data in the China Urban Statistical Yearbook.
Meanwhile, the indicator of mobile population size (A42), which reflects the economic
vitality of the metropolitan area, was taken as the difference between the resident popula-
tion and the registered population in view of the availability of data and the uniformity of
statistical caliber; the indicator of temporal economic linkage (A43) and spatial economic
linkage (A44) were measured by the gravity model, and the spatial distance and time data
in the model were obtained from the website of Baidu Map and 12,306 China Railways; the
indicator of industrial structure rationality (A45) and industrial structure synergy (A46)
were measured by the Thiel index and industrial structure similarity coefficient, respec-
tively. The evaluation index system constructed in this study can be divided into positive
and negative indicators, and the negative indicators (A45 and A46) are converted into
positive by taking the inverse of them according to the methods used by other scholars to
deal with data [43].

2.4. “Vertical and Horizontal” Evaluation Method

The dynamic evaluation method “vertical and horizontal” is based on three-dimensional
time-series data and the principle of maximizing differences between the evaluated objects
to obtain the weights of the indices. The weighting information comes directly from the
original data of the evaluated object, which ensures a certain objectivity of the weighting
coefficients, while the indicator weights determined by the three-dimensional time-series
data implicitly include the time factor, thus making the evaluation value of each system at
each time directly comparable. The specific idea of this method is as follows:
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Assuming that comprehensive evaluation of the development of the n evaluated
objects v1, vp, ..., v, in a certain aspect of the time period t;, tp, ..., ty is carried
out, based on the constructed evaluation index system, the original data values of the m
evaluation indices of the evaluated objects v; in the time period f; are collected, and the
panel data matrix xl-j(tk) (i=1,2...,nmj=12...,mk=1,2, ..., N).isobtained
by collation. In order to eliminate different data types and dimensions of the original data,
the data were pre-processed. For the sake of generality, assuming that x;;(t;) are all positive
indices (the larger the value, the better), the data of the above-mentioned original indices
are normalized by the method of dimensionless processing, which is as follows:

Xji(te) — xi(t
Mi:1,2,...n;]':1,2,...m;k:1,2,...N 1)
s;(t)

where u;;(#;) is the normalized data matrix, x;(tx) and s;(f) represent the sample mean
and standard deviation respectively.

For the comprehensive evaluation at the moment #;, the study adopts the linear
weighted comprehensive evaluation model as follows:

wij(ty) =

m
v; (k) = ‘21 ul-]-(tk)wj i=12,...m;k=1,2,...N| )
]:

where v;(t;) is the comprehensive evaluation value of the evaluated object i at the moment
ty and w; is the weight coefficient of the evaluation indicator j.

In order to maximize the overall difference between the evaluation objects, namely the
difference in the evaluation value data of matrix {v;(#)} is maximized, the total sum of
squared deviations 62 is used to represent the difference, the formula is as follows:

’ N n 2
6= ¥ X (vi(ty) =) @)
k=1i=1
After the data standardization process, the sample mean of the normalized matrix
u;j(t) is 0 and the sample variance is 1, the formula of v is as follows:

B 1 N 1 m
0= L0 Y wini(t) =0 @)
k=1 " i=1j=1
Then 6% can be simplified as:
62 = w Hyw (5)
T N . . .
where w = (wy,wy,...,w,) and H = Y Hyis symmetric matrixof order m x m, Hy =
k=1
U U (k=1,2,...N), and
un(fe) oo tim(t)
U, = k=1,2,..., N (6)
uml(tk) e unm(tk)

Due to the existence of constraints on w, in order to obtain a maximum value for 62,
then the planning problem can be obtained, which is as follows:

maxw! Hywd? = w! Hyw
T,
s.t.{w w=1 @
w >0

For the above planning problem, the MATLAB_R2014b software was used to solve it.
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On the basis of the “vertical and horizontal” evaluation method, the total evaluation
value of each evaluation object in the time period [t1, fy] is obtained by quadratic weighting
of time, the basic idea is to give greater weight to the recent value, the farther away the
time, the smaller the weight coefficient, and the time weight result formula is as follows:

k N
ZUk:N<k21/2/-~-1N/2wk:11wk>0> ®)
Zk:1k k=1

The total evaluation value s; of each review object over the time period [t1, ty], the
formula is as follows:

N
si =Y wevi(ty) ©)
=1

where wy is the time weight coefficient at moment t; and v;(f) is the evaluation value of
the evaluation object i at moment #;.

Ultimately, the magnitude and ranking of evaluation value v;(#;) at moment ¢, and eval-
uation value s; in time period [f1, ty] can be obtained from Equations (2) and (9), respectively.

2.5. Gravity Models

In order to explore the radiation intensity of the metropolitan area, this study draws on
relevant studies by Zou and other scholars [59,60] to measure the radiation capacity of the
central city to the surrounding small and medium-sized member cities using an improved
gravity model. The development of transport facilities and the accessibility within the
metropolitan area are reflected through economic connectivity in temporal and spatial
contexts, respectively. Considering that there are certain differences in the development
level of each member city within the area, the model uses the proportion of city GDP to the
sum of the GDP of the two linked cities to correct the empirical constant k.

Temporal economic connectivity formula is as follows:

. VSPG 5T G;
Fij = kjj . (10)

Tijz Tl‘]‘Z S/ G; + G]

Spatial economic connectivity formula is as follows:

yspe /SiPiGj ,
Fij:kij‘/SlP1G1~ %L G a

D;? D2 " Gi+Gj

where i represents the central city of the metropolitan area, j represents the other member
cities, Fj; is the intensity of economic connectivity between the city i to the city j, S is the
built-up area of the city, P is the urban population of the city, G is the GDP value of the city,
D;; is the shortest travel path from the central city i to the city j based on traffic, Tj; is the
shortest travel time from the central city i to the city j.

2.6. Thiel Index

Reasonable industrial structure is the basis for ensuring the healthy development of the
industry, due to the large difference between the economic level and industry development
between the metropolitan areas, and considering the availability of data, the study draws
on the relevant research of Li and Zou to measure the rationalization of industrial structure
(RIS) in the area by using the Theil index, which is now widely applicable, and then explores
the extent of coordinated industrial development in the metropolitan area [61]. The formula
is as follows:

s 1@ ) - £(&)m(§) @

G
i=1 N i=1 N
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where i represents the industry, G represents the gross domestic product (GDP), and N
represents the number of employed persons. According to the industry division, the value
of k is taken as 3, G;/G is the proportion of value added of the three industries to GDP, and
N;/N is the proportion of employees in the three industries. If G;/N; = G/N, then RIS =
0, which means the economy is in equilibrium at this time and the industrial structure is
most reasonable.

2.7. Industrial Structure Similarity Coefficient

The homogenization of industries is prone to the phenomenon of competition, re-
sulting in the irrational allocation of resource factors. This paper measures the extent of
industrial structure convergence in metropolitan areas according to the industrial structure
similarity coefficient proposed by the United Nations Industrial Development Organization.
Considering the complexity of the industrial division in each metropolitan area and the
availability of data, the study draws on the relevant research of Song and selects the added
value of primary, secondary and tertiary industries to calculate the industrial structure
similarity coefficient to measure the similarity of the three industrial structures between the
central city and the surrounding member cities in the metropolitan area [62]. The formula

is as follows: S XX
k=1 “ik“xjk
Sij =
\/Z]r(l:1 Xik2 \/ZZ:1 Xjk2

where i represents the central city of the metropolitan area, j represents the surrounding
member cities, S;; is the similarity coefficient between the central city 7 and the city j. Xj is
the industry k of central city 7 and X is the industry k of member city j. A high similarity
coefficient indicates a high extent of convergence in the industrial structure of the two
regions and there is a problem of duplicate construction and production.

(13)

3. Results and Discussion

For the five subsystems in the evaluation index system, this study assigns weight
to them as equally important, then uses MATLAB software to solve the target planning
formula (7), and then normalizes the results to obtain the weight coefficients of the evalua-
tion indices (as shown in column 6 of Table 2). Among them, the weight corresponding
to the indicator of electricity supply per capita (A37) is too small to be shown, indicating
that the difference in electricity consumption per capita among metropolitan areas is not
significant. After the quadratic weighting of time, the differences between the metropolitan
areas become prominent.

3.1. Comprehensive Analysis of the Economic and Social Development Level

The evaluation values in Table 5 show that there is a wide gap between the four
metropolitan areas in the Yangtze River Delta region, with the differences between them
becoming significant from 2007 onwards. The SMA, which is firmly on top of the economic
and social development level between 2005 and 2020, is inextricably linked to the unique
economic conditions and resources of its central city, Shanghai Municipality, and it has a
much higher overall score than others and is growing strongly. It also shows that the SMA,
as the leading metropolitan area in the region, can serve as a model for others and is of
great reference significance.

As early as 2000, Jiangsu Province proposed the concept of building a Nanjing
metropolitan area centered on the provincial capital Nanjing, which provided strong
policy support and laid a clear development route, resulting in an upward trend in the
economic and social development of the Nanjing metropolitan area over the past 16 years,
amidst slight fluctuations.
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Table 5. Evaluation values of economic and social development level.

Area

Year

2005 2008 2011 2014 2017 2020

Total Total
Score Ranking

SMA
NMA
HZMA
HFMA

1.1395 1.2732 1.3063 1.2796 1.2667 1.2207 1.2648 1
—0.0278 -0.1011 —0.1039 —0.0522 —0.0716 —0.0242 —0.0581 2
—0.5525 —0.3942 —0.3919 —0.4805 —0.4304 —0.4528 —0.4378 3
—0.5592 —-0.7778 —0.8106 —0.7469 —0.7647 —0.7437 —0.7689 4

Since the promulgation of the Outline in 2019, the economic and social development
level of the SMA has slowed down, and that of the other metropolitan areas has been
enhanced. The situation has responded positively to the proposal in the Outline. The
economic and social development momentum of HZMA is obviously insufficient, as the
closest area to the SMA has not reached the expected level of development, and there
is a large gap between the two. There are two possible reasons for this phenomenon:
firstly, the number of cities in the HZMA is relatively small, which leads to a slight lack of
comprehensive strength; secondly, there is an overlap of cities between the two, which may
lead to competition. In order to avoid such competition, both areas can introduce relevant
policies to avoid homogenous competition, while SMA can also appropriately evacuate
non-core resource elements and provide development opportunities to HZMA to avoid the
siphoning effect.

According to the empirical results, the economic and social development of the HFMA
lags behind that of the others, and although the number of member cities has an advantage
over that of the HZMA, its overall level of development is weak. At the same time, there
is an overlap of member cities with the NMA, which may lead to a lack of development
momentum. However, the area has certain advantages in some indices, so it can ensure the
steady development of strengths while focusing on the construction of other weak aspects
in order to improve comprehensive strength.

3.2. Analysis of Economic and Innovation

According to Table 6, the SMA has a strong economic dynamism and is firmly in first
position. Although the economic development of the NMA is more ahead of the HZMA
and HFMA, the gap between its economic openness and the two is small, indicating that the
development of this aspect in the NMA is lacking, and focus on its construction is needed.

Table 6. Evaluation values of economy and innovation.

Guideline Layer

Level 1 Index SMA NMA HZMA HFMA

Economy

Innovation

Economic potential 0.0841 —0.0063 —0.0373 —0.0406
Economic foundation 0.1120 —0.0198 —0.0482 —0.0440
Economic openness 0.0389 —0.0083 —0.0145 —0.0161
Economic strength 0.0826 0.0165 —0.0478 —0.0513
Innovation carriers 0.1909 —0.0274 0.0411 —0.1224

State of the knowledge economy 0.1333 —0.0157 —0.0465 —0.0711

According to Figure 1, the gap in economic development between HFMA and HZMA
has been decreasing year by year, with the HZMA being surpassed in 2012, benefiting from
the steady upward trend of economic base and economic strength indicator scores in the
HFMA, which has led to an overall increase in economic development. The deeper reason
may be related to the characteristics of the HFMA itself, which has a strong development
of private enterprises in economic structure, giving the area a better business environment
and providing a driving force for economic growth.

At the innovation level (See Figure 2 for details), the SNA is in a stable state of
development. The NMA has been developing strongly since 2005, and it overtook the
HZMA to take second position in 2012. On the contrary, the gap between the HFMA and
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the other three areas is increasing, which is not conducive to steady economic development.
Innovation capacity plays an important role as a driver of economic transformation, and the
HFMA can strengthen its innovation aspect to drive economic development and enhance
the overall strength.

Economy
——e— SMA  ——e— HZMA NMA HFMA

0.4

03 = —

02

0.1

0
- 2005 2008 2011 2014 2017 2020
'\0—0\_._,_‘* . ] )
—0.2
Figure 1. Economy scores.
Innovation
—&— SMA  —a— HZMA NMA - HFMA

0.4

03 E— e

0.2

0.1

0
005 2008+ -+ 2011~

o1 2 2 2014 7 20,
—0.2 ——— -
—0.3

Figure 2. Innovation scores.

3.3. Analysis of Infrastructure and Space

According to the Table 7, although the overall rank of the HFMA is not satisfactory, it
has a significant increase compared with the other three areas in terms of infrastructure
and is ranked third, ahead of the HZMA. The level of space development of the four
major metropolitan areas in the Yangtze River Delta region has not fluctuated much over
the past 16 years, with the HZMA having a weak level of space development and a
low level of infrastructure development, which has resulted in a lack of momentum in
population attraction and hence a less optimistic level of economic strength in recent years.
Therefore, it is recommended that the HZMA should focus on the construction of basic
transportation strength and public services, in order to enhance the happiness of residents
and the population attractiveness, but it is also possible that the reason for this is that the
number of member cities within the area is small, which leads to the area not having an
advantage in the indices related to infrastructure and space.

3.4. Analysis of Coordination

According to Figure 3, the coordination of the SMA and HZMA were weak from 2005
to 2007, but the development level of two areas rose rapidly after 2007, and the gap between
the four areas gradually widened, with the HZMA showing a clear advantage in the first
place, followed by the SMA. After 2010, the development levels of the four areas were
relatively stable.
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Table 7. Evaluation values of infrastructure and space.

Guideline Layer Level 1 Index SMA NMA HZMA HFMA
Inf Basic transportation strength 0.1547 —0.0185 —0.0930 —0.0432
nirastructure Public services 0.1530 ~0.0135 —0.0897 —0.0498
Space Quality of living environment 0.1454 0.0517 —0.1412 —0.0559
P Population size 0.1150 0.0085 —0.0692 —0.0543
Coordination
—%—SMA —a— HZMA NMA HFMA
0.3
0.2
0.1
. ) ._././'—'—'—‘_—H—._r_——l\'_g
zooSJ ( 2008 2011 2014 2017 2020
0.1 .__./
—0.2 -
—0.3

Figure 3. Coordination scores.

1. Analysis of spatial and temporal economic connectivity

According to Figure 4, the SMA has risen to the second highest level of coordination
development due to the significant increase in spatial and temporal economic connectivity
between 2005 and 2010. Prior to 2007, transport links between cities in the SMA were
mainly by highway or public transport, and there were certain restrictions on the time
and space distance. At the same time, there were many member cities in the SMA, and
road access was not sufficient for the central city of Shanghai to form close links with the
surrounding member cities, so the development of spatial and temporal economic links
in the SMA was not satisfactory before 2007. However, the opening of the first Shanghai-
Suzhou train in 2007 has largely weakened the spatial and temporal constraints and has
efficiently increased the level of spatial and temporal economic connectivity within the
area. This phenomenon is also evident in the HZMA, which has led to the highest level of
development in spatial temporal economic connectivity.

Temporal economic connectivity Spatial economic connectivity
—e—SMA —e—HZMA NMA HFMA —e—SMA —e—HZMA NMA HFMA
015 0.1
0.1
' 005 * gt
0.05 /M
0 / 0 ‘
_ogs 2005 /| +-2008 2011 2014 2017 2020 2005 2008 2011 2014 2017 2020
—0.05
—0.10 ——— —
-0.15 —0.10 .
(a) (b)

Figure 4. (a) Temporal economic connectivity scores; (b) Spatial economic connectivity scores.

Although the NMA does not have an outstanding advantage in terms of temporal
economic linkages, the comprehensive performance of the area in the spatial economic
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connectivity ranks first, and the development level peaked in 2009 and then began to
decline slowly and eventually leveled off. Due to the rapid rise of the SMA and HZMA,
the HFMA did not have enough momentum to develop compared to them, and therefore
the development tended to decline before 2010. The construction of smooth outward and
inward transport links is the premise to ensure close economic connectivity. Therefore, each
area should focus on the construction of transportation and strive to create a “one-hour
commuting circle” in order to enhance the economic connectivity between the member
cities, thus promoting the circulation of resources and factors within the area and providing
a basic guarantee for the steady development of the metropolitan area.

2. Analysis of the rationality and synergy of the industrial structure

According to the results of the industrial structure related indicator scores (see Figure 5),
it is clear that the industrial structure of the four metropolitan areas in the Yangtze River
Delta region has certain shortcomings. Although the SMA has strong economic strength
and a high degree of industrial structure rationalization, there is a certain lack of synergy,
indicating that the three industrial structures of the central city and the neighboring mem-
ber cities converge to a high degree. There may be a problem of fragmentation between
Shanghai and other member cities in the area, with obvious administrative boundaries
and a reluctance to disperse non-core industries or resource factors to other cities. This
phenomenon will result in the fragmented flow of resource factors within the area, which
is contrary to the core concept of coordinated industrial development in the metropolitan
area. The NMA and the HFMA score low in terms of industrial rationality and synergy and
have potential scope and capacity for transformation. The low degree of rationalization
and high degree of convergence in industrial structure is likely to result in a more com-
petitive, rather than cooperative pattern, which is not conducive to coordinated industrial
development and then curbs the mainstream trend of colocation. Both should pay attention
to the development of industrial structure, while ensuring healthy economic development.
Although the HZMA is not at a high level of comprehensive development, it has a better
advantage over the other three areas in rationalization and synergy of industrial structure,
which can provide some reference for the future development direction of industries in
other metropolitan areas.

Rationality of industrial structure Synergy of industrial structure
—e—SMA —e—HZIMA NMA HFMA —o—SMA —e—HZMA NMA HFMA
0.06 0.08
— -~ o . 3/._._.—4—0—H
0.04 0.06
0.02 0.04

0 W\—”W 0.02
2005 2008 2011 2014 2017 2020

—0.02
—0.04

—0.06

~0.02 2005 2008 2011 2014 2017 2020
~nn " A —a———0—0—
—0.04
(a) (b)

Figure 5. (a) Industrial structure rationality scores; (b) Industrial structure synergy scores.

4. Conclusions and Suggestions

Based on the new development concept of China and the core development concept of
the metropolitan area, this paper constructs an evaluation system for the level of economic
and social development. A quadratic weighted method was applied to evaluate the
development level of the four metropolitan areas in the Yangtze River Delta region from
2005 to 2020. According to the empirical research results, the development among the
four major metropolitan areas in the Yangtze River Delta region is relatively unbalanced,
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and the planning, transportation construction and industrial structure layout have an
important impact on the economic and social development of the metropolitan area. The
following conclusions can be drawn from the analysis:

@

@)

®)

4)

©)

@

@)

®)

@)

The spatial contradiction between top-level planning and collaborative governance
practices is prominent. Duplication of member cities will result in competition for
resource elements between metropolitan areas, and those with greater comprehensive
strength in the central city will be more competitive and prone to a siphoning effect,
to the detriment of the development of surrounding metropolitan areas, which, in
turn, will result in imbalanced regional economic development [63].

A tendency for innovation to grow or decline in tandem with economic development,
indirectly indicating that the development of innovation level can drive the economic
growth of the area to a certain extent.

Infrastructure and spatial development in metropolitan areas are mutually reinforc-
ing [63]. Good infrastructure development helps to attract foreign populations, bring-
ing development dynamics to the metropolitan area, while the increased spatial
potential of areas also contributes to the development of infrastructure, which, in turn,
promotes economic development.

The lagging construction of rail transit leads to insufficient radiation and driving
effect of central cities. The importance of transport development is reflected in the
fact that strengthening transport in metropolitan areas can greatly improve the spatial
and temporal economic connectivity within the area [12].

The central city is not strong in radiation and drive, and the problem of excessive
siphoning of resources is prominent [11]. For metropolitan areas with strong central
cities, such as the SMA and NMA, which have stronger control over resource factors,
it is more likely that they will produce a high degree of industrial structural synergy,
which also illustrates the problem that central cities are reluctant to evacuate non-core
industries to neighboring member cities [64]. Meanwhile, a high degree of indus-
trial structural convergence among member cities is not conducive to the integrated
development of metropolitan areas.

The paper puts forward the following suggestions:

The metropolitan area needs to pay attention to the top-level design of policies to avoid
duplication of construction of member cities, while building a reasonable “pyramid”
type city distribution system within the area, enhancing the agglomeration and
diffusion capacity of central cities, improving the decentralization level of medium-
sized cities, and avoiding an excessive number of small cities in the region [13]. To
break down local protection, eliminate administrative barriers and avoid low-level
duplication and excessive homogeneous competition by defining their own functional
positioning [65].

The metropolitan area can accelerate the cultivation of globally competitive science
and technology innovation centers, and through the construction of an efficient re-
search system in order to gather innovation factors, create a first-class platform for
science and technology innovation.

Pay attention to public services, establish a unified and coordinated system and
mechanism [62], realize the interconnection of infrastructure among member cities
in the metropolitan area, avoid conflicts of interests brought about by administrative
divisions, so that the infrastructure development of the metropolitan area can be
organically integrated with the development of economy and society, and improve
the well-being of residents, while avoiding the over-agglomeration of population in
the region.

Optimize the layout of multi-level integrated transport hubs in the metropolitan
area, create a modern transport network system in the region [16], form an outreach
and internal transport pattern and strengthen the main functions of major transport
arteries and integrated transport networks in the metropolitan area, so as to promote
a rational division of labor and linkage development among large, medium and small
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cities, and to enhance the radiation-driving capacity of their own city functions, while
realizing the efficient connection of transport between regions.

(5) Deepen the integration and sharing of trading platforms for public resources within
the metropolitan area, and promote the free flow of resources and factors so that the
division of labor in the industry can be reasonably laid out [66].

In addition, this study has certain limitations, due to the availability of data and the
differences in local statistical indicators, some of which are not available, so they are not
included in the index system for research. At the same time, this paper only studies the
development of the four major metropolitan areas in the Yangtze River Delta region, and the
level of economic development between the areas may be relatively close, the differences
are not prominent enough, and there is limited room for mutual reference. In the future,
we can explore the differences between multiple metropolitan areas in multiple regions
(e.g., Beijing-Tianjin-Hebei, Chengdu-Chongqing, Pearl River Delta, etc.) by improving the
index system, and propose improvement suggestions based on the significant differences
between multiple regions in order to promote the formation of a regional economic layout
for high-quality development in China, further highlighting the value of this study.
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