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Abstract

With the increasing expansion of urban scale and the gradual upgrading of
industrial structure, the urbanization level has been continuously promoted.
Only by industry and space coordinated development, can the economy be
developed rapidly and reasonably, and the quality of urbanization be im-
proved. In recent years, the economic development of central plains urban
agglomeration is growing rapidly. However, it is precisely because the central
plains urban agglomeration is pursuing the rapid development of the econo-
my, and it has gradually formed a kind of development mode. In this paper,
in constructing the index system of urban space and industrial development,
using the entropy weight method and the methods of coupling coordination
degree model, the measure of central plains urban agglomeration spatial and
industrial comprehensive development level and the coupling coordination
degree, the results show that most cities are in dissonance. Using vertical
analysis, the results show that the spatial pattern centered on Zhengzhou has
gradually evolved from the spatial point of view. From the perspective of time
series, the urban agglomeration of central plain, the industry is evolving in
the fluctuation; the main changes are affected by economic environment and
policy. Therefore, several suggestions are proposed for these problems, such
as accelerating the industrial upgrading and innovation, scientific distribution
and rational use of land, and establishing an innovative mechanism for the

coordinated development of industry and space.
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1. Introduction

At present, the Central Plains city group is one of dozens of city groups in Chi-
na. It belongs to the relatively active region in China’s economy, and is also the
hub of China’s rapid economic development. From 2017 Henan Province, Anhui
Province, Shanxi Province, Shandong Province, Hebei Province statistical year-
book data, it can be obtained that by the beginning of 2017, the GDP of the cen-
tral Plains city cluster was 6193.353 billion yuan, ranking fourth in China after
the Yangtze River Delta, the Pearl River Delta and the Beijing-Tianjin-Hebei re-
gion. However, since 2014, the central Plains city group has been blindly pur-
suing rapid urbanization and economic development, while the traditional ur-
banization has been blindly pursuing large and comprehensive development,
which has resulted in the increasingly unbalanced overall development of the
central Plains city group, resulting in the decline of economic efficiency, envi-
ronmental pollution, waste of resources and other increasingly serious problems.
Economist Friedman showed that China is now in a state of excessive urbaniza-
tion. Urbanization development and urban development capacity should be
complementary to each other, and they should develop in a coordinated way.
The excessively rapid development of only one side will often cause many prob-
lems. The rapid development of urbanization is not a good thing. It is obvious
that the central plains city group is in such a state at present. Therefore, for the
central Plains city cluster, the first premise to promote economic development
and improve the level of urbanization is to clarify the coordination between ur-
ban space and industry. Only the coordinated development of space and indus-
try can achieve the goal of solving the problem.

Under the premise that the economic development and urbanization develop-
ment of the central Plains city cluster are in imbalance, discussing the spa-
tial-industrial coordination degree and development mode of the central Plains city
cluster and discussing their rules will play a guiding role in the economic develop-
ment and urbanization development of the Central Plains city cluster, and provide
reference value for the specific implementation of new urbanization strategy.

Since the 1990s, each region has been paying close attention to its own devel-
opment indicators such as industry, space and population. Many scholars have
different researches on this, with different focuses, objects and scopes, which can
be summarized as three points: industrial structure theory, urban spatial struc-
ture theory, space-industry-population development coordination theory.

Zhang (2015) believes that there are two systems in the process of economic
development: industry and urbanization. Song (2014) proposed that in the new
period, the Central Plains urban agglomeration should give full play to the radi-
ation driving ability and optimize the industrial structure reasonably. Zhang
(2015), it is concluded that industrial structure and economic growth interact,
and the development of one side promotes the development of the other. Xia

and Yang (2005) believe that the premise of balanced development of regional
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economy should be to solve the problem of spatial coordination. Liu (2015)
thinks that although the spatial agglomeration effect of Central Plains urban ag-
glomeration is strong, the diffusion effect is weak. Friedman & Zhou (2007)
analyzed and discussed the importance of establishing inter-city network ac-
cording to the actual situation, and put forward suggestions and emphases for
space development. Xu, He, Chen, & Zhang (2016) take Fujian Province as an
example to explore the coordination degree of spatial —industry —population
coupling in 9 cities of Fujian Province. Zhu & Li (2015) take the Yangtze River
Delta urban agglomeration as an example, using the coupling coordination de-
gree model, draw the corresponding conclusions, and put forward reasonable
suggestions for the development of urbanization in the Yangtze River Delta re-
gion. Zeng and Zhang (2017) take ten urban agglomerations as an example to
expand the scope of research, discuss the coordination degree of each urban ag-
glomeration space-industry-population, and compare them, so as to put forward
the corresponding conclusions and suggestions.

To sum up, in the space structure theory and the space-industry-population
coordinated development theory, foreign researchers rarely mentioned. Taking
the central Plains city cluster as the theme to discuss the coordinated develop-
ment of space-industry, the previous domestic researchers rarely involved. On
the basis of previous studies, this paper USES entropy weight method and
coupling coordination model to explore the spatial-industrial coupling coordi-
nation degree of central Plains city cluster. Through analyzing the coupling
coordination degree of the two, problems are found and reasonable Suggestions
are put forward.

Although many scholars at home and abroad have done research and analysis
on this issue, there are not many researches on the space-industry coupling and
coordinated development of central Plains city cluster. The innovation of this
paper is that the research object is the central Plains city cluster, not only limited to
Henan Province. In the study of the factors affecting the urbanization process, the
focus has shifted from resources and environment to the coordinated develop-
ment of space and industry. By using the coupled coordinated development mod-
el, the temporal change of spatial-industrial coupled coordinated development is
not only studied, but also studied at the level of spatial pattern. But there are also
many shortcomings, such as neglecting the subsystem of the economic system:

population. Lack of coordinated analysis of population, space and industry.

2. The Status Quo and Characteristics

2.1. The Status Quo

1) Status of resources and environment: At present, with the development of
urbanization, a variety of problems are coming one after another, the most se-
rious is the problem of resources and environment. Resources and environment
can not only support economic and social development, but also restrict it.

Starting from 2016, all provinces and cities have issued plans to protect the eco-
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logical environment and continuously increase environmental protection and
resource conservation. Under the implementation of this series of measures, the
resources and environmental conditions of the central Plains city cluster keep
the momentum of improvement on the whole.

However, each city in the central Plains city cluster has different economic
development speed, different environmental conditions and different resources.
It can be seen from Table 1 that the total amount of waste water discharged
from most cities in Shandong Province, Hebei Province and Henan Province has
reached more than 40 million tons, and the discharge of exhaust gas and waste
has reached more than 4000 tons, so the air quality is not good. The reason is
that the cities of Henan Province, Hebei Province and Shandong Province are
mainly developed in the secondary industry in recent years, especially the coal
mine resources are rich, many of its industrial enterprises are mainly coal mines,
so the overall environment is greatly affected. On the contrary, 5 cities in Anhui
province and 2 cities in Shanxi Province have made great efforts to develop new
industries and upgrade industrial structure in recent years. The tertiary industry
is the main industry, and the water resources are relatively rich. Comparatively,
the air quality is better and the environment has been improved.

2) Basic situation of space: Central Plains Urban Agglomeration with
Zhengzhou City, Kaifeng City, Luoyang City, Pingdingshan City, Xinxiang City,
Jiaozuo City, Xuchang City, Luohe City, Jiyuan City, Hebi City, Shangqiu City,
Zhoukou City, Shanxi Province Jincheng City, Bozhou City, Anhui Province as
the core development areas, linked radiation Anyang City, Puyang City, San-
menxia City, Nanyang City, Xinyang City, Zhumadian City, Hebei Province

Table 1. Basic information of resources and environment and space in 2016.

Total water ~ Total effluent Days with
K Total soot . R .
. resources discharge . air quality  Land area Population
province . emission 5
(100 million  (ten thousand ® standard (km?) (10,000)
cubic meters) tons) (day)

Henan 337.35 402,063.72  428,800.00 196 31,679 10,788.00
Changzhi 9.32 4925.02 10,211.90 219 334 343.54
Jincheng 9.99 3112.10 6871.70 237 143 232.09
Yuncheng 11.70 2867.90 4734.20 252 1205 530.52

Suzhou 27.85 3572.48 6913.80 228 2907 654.05

Huaibei 7.55 3661.13 12,683.77 241 760 216.54

Bozhou 27.00 1878.64 3412.47 258 2263 646.85

Fuyang 38.90 2500.24 10,064.51 242 1967 1061.55

Bengbu 21.72 1917.02 4154.50 247 611 379.52

Xingtai 10.90 6923.00 11,283.50 178 132 731.99

Handan 11.78 5476.00 10,896.00 189 434 949.28
Liaochen 12.35 8264.00 13,604.00 180 1710 603.68

Heze 21.97 8507.00 24,063.00 169 2261 862.60

Note: The data are from the statistical Yearbook of Henan, Anhui, Shanxi, Shandong and Hebei In 2017.
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Handan City, Xingtai City, Shanxi Province, Yuncheng City, Anhui Province,
Liaocheng City, Fuyang City, Huaibei City, Bengbu City, Shandong Province-
Heze City, covering 30 prefecture-level cities in 5 provinces. Involves the city to
be broader, the land area is larger, the population total quantity is big. As can be
seen from Table 1, by the end of 2016, the total area of the central Plains city
cluster is 287,000 square kilometers, with a total population of 175 million
people. These cities have compact spatial distribution and high population den-
sity.

3) Current Situation of industrial development: By the end of 2016, the GDP
of the Central Plains city cluster was 6.193 trillion yuan, making it a region with
a high level of economic development. As can be seen from Table 2, the GDP in
2016 was 6193.3253 billion yuan, and the fiscal revenue was 444.649 billion yuan.
The gross product of the primary industry was 693.033 billion yuan, accounting
for 12% of the total. The GDP of the secondary industry was 2972.85 billion yu-
an, accounting for 49% of the total, and the GDP of the tertiary industry was
2527.37 billion yuan, accounting for 39% of the total. On the whole, the central

Plains city cluster is dominated by the development of the secondary industry.

2.2. Characteristics

1) Resource and environment constraints are tightening: For a long time, the
central Plains city cluster mainly adopts the extensive economic development
model, which is characterized by high investment, high consumption and low
income, and is difficult to change in a short time. As can be seen from Table 1
and Table 2, the industrial structure, energy and environmental status of cities
in the Central Plains city cluster are very different. Most cities are mainly devel-
oped by industrial enterprises with high energy consumption and emission,
which leads to resource waste and environmental pollution to a certain extent.
Due to the poor endowment and small quantity of environmental resources,
coupled with the accelerating process of industrialization and urbanization, the
contradiction of resource and environment carrying capacity bottleneck re-
stricting economic development will become more prominent. Therefore, the
protection of resources and environment is still the weak link and urgent task in
the economic and social development of the central Plains city cluster.

2) Irrational tertiary industrial structure in the Central Plains city cluster: At
present, the central Plains city cluster mainly focuses on the development of the
secondary industry, supplemented by the coordinated development of the pri-
mary and tertiary industries. Therefore, at the present stage, it is necessary to
adjust the structure of the tertiary industry, rationally optimize it, and pay atten-
tion to the development of the tertiary industry and the new industry, so that the
economy can develop reasonably.

3) Uneven development across regions: Among the 30 cities in the central
Plains city cluster, there are obvious differences in the development level be-

tween the central city Of Zhengzhou and other cities as well as between each
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Table 2. Basic situation of industrial development of central plains city clusters in 2016.

Gross Fiscal
domestic revenue The first The second The third
The product (one industr}.l industrY industrY
city (one hundred GDP r‘at‘lo GDP r.at.lo GDP r.at.lo
hundred o (100 million (100 million (100 million
million million Yuan) (%) Yuan) (%) Yuan) (%)
yuan) yuan)

Zhengzhou 8113.97 1011.18 156.40 1.93 379690 46.79  4160.70 51.28
Kaifeng 1755.10 113.21 287.29 1637  703.09  40.06 757.58 43.16
luoyang 3820.11 302.66 234.00 6.13  1805.50 47.26  1743.40 45.64
Nanyang 3114.97 167.07 515.5 16.55 1364.35 43.80 1235.12 39.65
Anyang 2029.85 117.45 212.44 10.47  971.02  47.84 846.39 41.69

Shangqiu 1989.15 117.43 386.26 19.42  823.83 4142 779.06 39.16
Xinxiang 2166.97 148.06 222.89 10.40 1074.01 49.10 870.07 40.50
Pingdingshan  1825.14 124.46 176.75 9.68 895.05  49.04 753.34 41.28
Xu chang 2377.71 131.89 162.48 6.83  1398.54 58.82 816.69 34.35
Jiaozuo 2095.08 124.18 133.95 6.50  1241.89 58.90 719.24 34.60
Zhoukou 2260.02 103.86 457.63 20.30 1038.00 45.90 764.4 33.80
Xinyang 2037.80 94.65 446.05 2190 805.87  39.60 785.87 38.50
Zhumadian 1972.99 105.39 412.86  20.30 77394  39.20 786.19 40.50
Hebi 771.79 55.61 61.99 8.03 503.25 65.21 206.55 26.76
Puyang 1449.56 72.16 161.87 11.17 793.85 54.76 493.84 34.07
Luohe 1077.90 75.99 113.75 10.57 669.00 62.07 295.00 27.36
Sanmenxia 1325.86 100.12 123.50 9.31 748.93 56.49 453.43 34.20
Jiyuan 538.91 36.50 23.27 4.32 350.12 64.97 165.52 30.71
Changzhi 1269.20 98.53 60.10 4.70 646.90 51.00 562.20 44.30
Jincheng 1151.50 89.32 50.70 4.40 618.90  53.70 481.90 41.90

Yuncheng 1222.30 59.11 201.60 16.50 443.80 36.30 576.90 47.20
Suzhou 1351.82 95.62 260.18 19.20 512.83  38.00 578.80 42.80
Huaibei 799.03 59.18 61.56 7.70 450.21 56.30 282.26 36.00
Bozhou 1046.10 87.02 206.17 19.70  404.93  38.70 435.00 41.60
Fuyang 1401.86 133.44 302.33  21.60 557.78  39.80 541.75 38.60
Bengbu 1385.82 133.88 200.01 14.40 609.12  44.00 576.69 41.60
Xingtai 2236.36 111.48 273.21 12.20 1070.14 47.90 893.01 39.90
Handan 3666.30 204.50 40540 11.10 1783.70 48.60 1477.20 40.30

Liaocheng 2859.18 187.50 338.11 11.80 1414.66 49.50 106.41 38.70

Heze 2820.18 185.04 282.08 10.00 145834 51.70 1079.76 38.30

The central

plains 61,932.53 444649 6930.33 12.00 29,728.5 49.00 24,224.30 39.00

Note: The data are from the statistical Yearbook of Henan, Anhui, Shanxi, Shandong and Hebei in 2017.
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city. In terms of GDP, the total GDP of the 30 cities in the Central Plains city
cluster is 6193.353 billion yuan, among which the GDP of the 18 cities in Henan
province is 404.822 billion yuan, accounting for 66.65% of the total GDP of the
central Plains city cluster. Five cities in Anhui province, two cities in Shandong
Province, two cities in Hebei Province and three cities in Shanxi Province ac-
count for 9.85%, 8.92%, 8.71% and 5.87% of the total GDP of the central Plains
city cluster respectively. The per capita GDP of Zhengzhou is the highest (84,100
yuan), followed by Jiyuan (73,700 yuan), with a difference of about 10,000 yuan.
Among them, the top five cities in per capita GDP are all in Henan province.
Fuyang had the lowest per capita GDP at 17,600 yuan, a far cry from Zhengzhou,
which had a GDP per capita of about five times that of Fuyang. It can be seen that
Zhengzhou and Jiyuan in Henan Province, Handan in Hebei Province, Liaocheng
in Shandong Province, Jincheng in Shanxi Province and other cities are developing
well, with relatively high per capita GDP, while other cities are relatively low.

4) Different industrial structure distribution among cities: Specifically from
the distribution of the three industrial structures, Xinyang city has the highest
proportion, accounting for 21.9% of GDP, while Zhengzhou has the lowest pro-
portion, accounting for 1.93% of GDP. However, in terms of the development of
the secondary industry, hebi city takes the highest proportion, accounting for
65.21% of GDP, and Jiyuan City takes the second place, accounting for 64.97%
of GDP. The reason for this situation is that Hebi city and Jiyuan City have a
small population, rich steel and coal resources, mainly processing and manufac-
turing industry, and underdeveloped tertiary industry, which leads to a relatively
high proportion of secondary industry. Finally from the perspective of the third
industry development, accounting for more than the minimum of Hebei city, ac-
counted for 26.76% of GDP, the highest is in Zhengzhou, accounted for 51.28%
of GDP, as the capital city of Henan province, Zhengzhou city, central city Zhon-
gyuan urban agglomeration industrial structure upgrade faster than peripheral
city, new industry and third industry development is rapid, the higher the level

of economic development natural. As can be seen from Table 2 and Table 3,

Table 3. Comparison between Zhengzhou and other surrounding central cities in 2016.

Gross Total Total road . Number
The urban . K Fiscal
. domestic passenger freight of employees
. population revenue
city product traffic by (ten on duty
(ten (one hundred
thousand) (one hundred road thousand million yuan) (ten
u
million yuan) (ten thousand) tons) yu thousand)
Zhengzhou 716.00 8113.97 11,007 19,269 1011.18 592
Shijiazhuang 1078.46 3214.80 11,843 19,886 314.97 570
Jinan 723.31 6536.12 5810 21,288 641.22 470
Hefei 786.90 6274.38 10,126 28,975 615.00 530
Wuhan 834.00 11,912.61 11,484 28,891 2423.00 550
Xi’an 883.21 7469.85 15,733 23,011 1135.68 645
Taiyuan 364.00 2755.00 5975 25,248 283.00 239

Note: The data are from the statistical Yearbook of Henan, Anhui, Shanxi, Shandong, Hebei, Shaanxi and
Hubei in 2017.
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Zhengzhou has the highest level of economic development in the central Plains
city cluster. There are also similarities in the proportion of industrial structure in
each city.

5) The radiation driving capacity of the central city is not strong: The central
Plains city cluster has a relatively dense urban distribution with a high degree of
concentration, mainly expanding outward with Zhengzhou as the core. The su-
perior geographical position causes the central Plains city group to develop
quickly on the whole.

However, compared with other urban agglomerations, the gap is larger. The
main reason lies in the central city, and the development of the central city de-
termines the development level of urban agglomeration to a large extent. As a
central city, only if Zhengzhou has a good development can it drive the devel-
opment of other cities, so as to promote the overall development of urban ag-
glomeration. However, Zhengzhou lacks the ability to give play to its central city
level and fails to drive the development of other cities to a large extent, which
directly leads to that the central Plains city group lags behind the Pearl River
Delta, Yangtze River Delta, Beijing-Tianjin-Hebei city group and other city
groups in economic development.

As can be seen from Table 3, in terms of urban population size, the popula-
tion of Zhengzhou in 2016 was about 7.16 million, while that of Wuhan, Xi ‘an
and Shijiazhuang was 8.34 million, 8.831 million and 10.7846 million, respec-
tively. It can be seen that Zhengzhou is far below Shijiazhuang, Wuhan, Xi’an
and Hefei, with a large gap. In terms of the number of employees, Zhengzhou is
lower than Xi ‘an. In terms of transportation, although Zhengzhou has superior
traffic conditions, it has some advantages over Jinan and Hefei in terms of the
total number of road passenger transport, but it has no advantages compared
with other cities. In terms of total freight volume, Zhengzhou is the lowest
among several cities, lagging behind other cities, indicating that Zhengzhou has
insufficient radiation driving capacity. The overall analysis above shows that

Zhengzhou is far behind the surrounding central cities in economic strength.

3. Horizontal Analysis of the Spatial
3.1. Establishment of Indicator System

In terms of spatial development, previous researchers mainly used indicators
such as urban land and green space area to represent the basic situation. There-
fore, this paper adopts four indicators: urban land area, urban green space area,
per capita road area and urban built-up area. The specific data are shown in Ta-
ble 4.

In terms of industrial development, previous researchers believed that the lev-
el of economic development could be expressed by the proportion of per capita
GDP, primary industry, secondary industry and tertiary industry in GDP re-
spectively, and the industrial scale could be expressed by the number of industri-

al enterprises. Therefore, per capita GDP, the proportion of primary, secondary
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Table 4. Spatial development indicators of central plains city clusters in 2016.

Urban land area Urban green Road area per Built-up area
The city (square area (square capita (square (square
kilometers) kilometers) meters) kilometers)

Zhengzhou 1010 206.38 8 457
Kaifeng 1596 51.71 16 129
luoyang 879 85.98 11 216
Nanyang 2135 79.37 12 150
Anyang 534 33.80 15 82
Shanggiu 1697 26.65 10 63
Xinxiang 431 47.33 15 118
Pingdingshan 443 32.26 14 73
Xu chang 1099 38.05 12 108
Jiaozuo 578 45.37 16 113
Zhoukou 333 30.30 21 70
Xinyang 3604 52.77 16 94
Zhumadian 1365 32.59 25 80
Hebi 679 25.42 16 64
Puyang 263 23.96 14 59
Luohe 1020 25.50 16 67
Sanmenxia 1927 22.39 11 49
Jiyuan 1894 23.06 19 55
Changzhi 334 31.62 10 45
Jincheng 143 18.06 19 31
Yuncheng 1205 21.04 29 30
Suzhou 2907 41.55 28 79
Huaibei 760 44.32 17 85
Bozhou 2263 28.80 46 62
Fuyang 1957 60.40 26 124
Bengbu 611 66.53 20 145
Xingtai 132 29.88 12 51
Handan 434 99.83 12 102
Liaocheng 1710 64.99 28 101
Heze 2261 56.57 25 125

Note: The data are from the statistical Yearbook of Henan, Anhui, Shanxi, Shandong and Hebei In 2017.

and tertiary industries in GDP and the number of industrial enterprises are

adopted in this paper. The specific data are shown in Table 5.

3.2. Data Standardization and Index Weight Determination

The data in this paper are obtained from statistical yearbooks of Henan, Anhui,

Shanxi, Shandong and Hebei provinces. Some of the data are directly provided
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Table 5. Industrial development indicators of central plains city clusters in 2016.

Per .Primat.‘y T}.le tertiary
capita industries The secondary industry ITIumber. of
The city GDP (ten account for  sector accounts accounts 1ndust1j1al
thousand GDP. for qDP for GPP enterprises
Proportion Proportion (%) Proportion (a)
yuan) (%) (%)

Zhengzhou 8.41 1.93 46.79 51.28 2897
Kaifeng 3.85 16.37 40.06 43.16 1343
luoyang 5.64 6.13 47.26 45.64 1920
Nanyang 3.10 16.55 43.80 39.65 2470
Anyang 3.96 10.47 47.84 41.69 1120

Shangqiu 2.73 19.42 41.42 39.16 1358
Xinxiang 3.78 10.40 49.10 40.50 1257
Pingdingshan 3.67 9.68 49.04 41.28 899
Xu chang 5.45 6.83 58.82 34.35 1718
Jiaozuo 5.92 6.50 58.90 34.60 1336
Zhoukou 2.57 20.30 45.90 33.80 1282
Xinyang 3.17 21.90 39.60 38.50 1294
Zhumadian 2.83 20.30 39.20 40.50 1666
Hebi 4.79 8.03 65.21 26.76 562
Puyang 4.01 11.17 54.76 34.07 1010
Luohe 4.10 10.57 62.07 27.36 677
Sanmenxia 5.89 9.31 56.49 34.20 618
Jiyuan 7.37 4.32 64.97 30.71 260
Changzhi 3.70 4.70 51.00 44.30 316
Jincheng 4.95 4.40 53.70 41.90 241

Yuncheng 2.31 16.50 36.30 47.20 454
Suzhou 2.43 19.20 38.00 42.80 1315
Huaibei 3.64 7.70 56.30 36.00 774
Bozhou 2.06 19.70 38.70 41.60 975
Fuyang 1.76 21.60 39.80 38.60 1709
Bengbu 4.19 14.40 44.00 41.60 1160
Xingtai 3.09 12.20 47.90 39.90 1372
Handan 3.86 11.10 48.60 40.30 1376

Liaocheng 4.79 11.80 49.50 38.70 2646

Heze 3.27 10.00 51.70 38.30 3264

Note: The data are from the statistical Yearbook of Henan, Anhui, Shanxi, Shandong and Hebei In 2017.

or calculated from the statistical bulletin of national economic and social devel-
opment of each city.
First, according to the statistical yearbook of 5 provinces, the data of corres-

ponding indexes of 30 cities should be searched and the initial data matrix
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should be established. Through the observation of the data, it is found that there
is a dimensional relationship between the various data. In order to make the data
comparable, the range method should be adopted for dimensionless processing
of the data, such as Formula (1).

Establish the original matrix, X = (xl.j) =12 m; j=1,2,--,m.

mn

Positive indicator:

Y, :(Xv—Xfmm>/(Xfmax_Xfmi“> W
Inverse index:

(5 o~ ) @

where 1 represents the number of cities, n represents the number of indicators,
represents the ith city’s JTH indicator, represents the minimum value of the J
item index, and represents the maximum value of the ] item index. X, X, .
X jmax

Determination of index weight, Firstly, the proportion of the JTH index under

Therefore, a new dimensionless matrix is obtained. Y = (Yy)
mn

the i-th city should be calculated, as shown in Formula (3): P,
B =5 )(X0 %) G)
Then determine the entropy value of the index, as shown in Formula (4): E ;
E, =—[1/1n(m)}><Z:':lpUxln(p,,j.) (4)

Finally, the entropy weight of the index is determined, as shown in Formula
(5): w,

W, =(1-E,)/(m-2_E)) (5)

According to the above formula and the data of various indicators, the calcu-

lation results are as follows, as shown in Table 6.

Table 6. Space of central plains city cluster in 2016—Industrial development index and

weight.

system indicators The weight

Per capita GDP (ten thousand yuan) 0.2009

Proportion of Primary Industry in GDP (%) 0.1948

industry Proportion of Secondary Industry to GDP (%) 0.2069

Proportion of tertiary industry in GDP (%) 0.2073

Number of Industrial Enterprises (Number) 0.1901

Urban Land area (km?) 0.2405

Urban green Area (km?) 0.2482

space
Urban Road Area per capita (square meters) 0.2637
Urban built-up area (km?) 0.2476

Note: The data are calculated according to relevant formulas and data collation.
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3.3. Evaluation Method of Coupling Coordination Degree

By establishing the coupling degree model and finding out the coupling degree,
we can know whether the system is coordinated or maladjusted. The coupling
degree function formula is (take 2 dimensions as an examgle):, and is converted
to. C=S/[(U,+U,)/2] C= {(Ul xU, )/[(U] +U, )/2]2} Where denotes the
industrial development evaluation index and denotes the spatial development
evaluation index. U, U, The value of coupling degree Cis 0-1. When C= 1, it
indicates that space and industry are completely correlated. When C = 0, it
means that the space is completely independent of the industry. However, there
are many shortcomings in using coupling degree alone, so the coupling coordi-
nation degree model is further proposed.

In order to better study the space-industry coupling coordination relationship,
the coupling coordination degree model (taking 2 dimensions as an example)
continues to be introduced here, that is, D represents the coupling coordination
T =qU, +pU,

Among them, is the undetermined coefficient, because industry, space are

degree, T'represents the composite index, where. D =(CxT)

equally important to economic development, so take. « S a=/=1/2 The
larger D is, the higher the coupling coordination degree is and the higher the
correlation degree is.

3.4. Calculation Results and Main Conclusions

Through the coupling degree model and the coupling coordination degree mod-
el, the spatial-industrial coupling coordination degree of the original urban ag-
glomeration is obtained, and the coupling coordination degree is divided into
four levels. At that time, it showed that the central Plains city group and each
city were in a highly disordered stage. R <0.30 At that time, it indicated that
the central Plains city group and each city were in the stage of mild disorder.
0.30<R<0.50 At that time, it indicated that the central Plains city group and
each city were in the stage of mild coordination. 0.50 <R <0.70 At that time,
it showed that the central Plains city group and each city were in a highly coor-
dinated stage. R >0.70. It can be seen from Table 7 that four cities in Puyang,
Changzhi, Jincheng and Xingtai are in the stage of high imbalance. These cities
are located on the periphery of the central city, which is less affected by the cen-
tral city, and the spatial development is extremely slow, and the coupling coor-
dination degree is less than 0.30. Pingdingshan City, Anyang City, Hebi City,
Shangqiu City, Xinxiang City, Xuchang City, Jiaozuo City, Luohe City, Zhoukou
City, Sanmenxia City, Huaibei City, Handan City 12 cities are in the stage of
mild imbalance. They are distributed in the adjacent areas of Zhengzhou City.
South Yang City, Xinyang City, Kaifeng City, Luoyang City, Zhumadian City,
Jiyuan City, Mozhou City, Fuyang City, Bengbu City, Suzhou City, Liaocheng
City, Yuncheng City, Heze City 13 cities are in the mild coordination stage.
Zhengzhou is the city in the high coordination stage, which indicates that the
urban space and industrial development have reached a higher level, and the
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Table 7. Space-industrial development evaluation index and coupling coordination de-
gree of central plains city cluster in 2016.

Industrial Evaluation Comprehensive Degree of

The city developrfqent of space developr.nent Thci coupling
evaluation development evaluation coupling N

index index index coordination

Zhengzhou 0.65030 0.55662 0.60346 0.98799 0.77215
Kaifeng 0.43870 0.25938 0.34903 0.87238 0.55181
luoyang 0.50178 0.27019 0.38599 0.82811 0.56537
Nanyang 0.48584 0.31724 0.40154 0.91379 0.60574
Anyang 0.41377 0.12793 0.27085 0.52065 0.37552
Shangqiu 0.41161 0.15292 0.28226 0.62410 0.41972
Xinxiang 0.41522 0.15950 0.28736 0.64324 0.42993
Pingdingshan 0.38853 0.10735 0.24794 0.46032 0.33784
Xu chang 0.47748 0.16666 0.32207 0.58855 0.43538
Jiaozuo 0.46701 0.17123 0.31912 0.61658 0.44358
Zhoukou 0.39718 0.14459 0.27089 0.61252 0.40734
Xinyang 0.42648 0.37957 0.40302 0.99324 0.63269
Zhumadian 0.43795 0.25300 0.34547 0.86184 0.54566
Hebi 0.37816 0.12352 0.25084 0.55109 0.37180
Puyang 0.40016 0.07582 0.23799 0.28697 0.26134
Luohe 0.37175 0.14898 0.26037 0.66747 0.41688
Sanmenxia 0.42777 0.16214 0.29495 0.63560 0.43298
Jiyuan 0.43258 0.22043 0.32650 0.80004 0.51109
Changzhi 0.34382 0.05757 0.20069 0.24147 0.22014
Jincheng 0.37287 0.07547 0.22417 0.31359 0.26514
Yuncheng 0.34484 0.22602 0.28543 0.91523 0.51111
Suzhou 0.40381 0.39142 0.39761 0.99952 0.63041
Huaibei 0.36783 0.17261 0.27022 0.75606 0.45200
Bozhou 0.37111 0.44402 0.40757 0.98406 0.63330
Fuyang 0.40934 0.36475 0.38704 0.99337 0.62006
Bengbu 0.43318 0.24891 0.34104 0.85935 0.54136
Xingtai 0.40423 0.05481 0.22952 0.17687 0.20148
Handan 0.42662 0.19946 0.31304 0.75404 0.48584
Liaocheng 0.53434 0.35092 0.44263 0.91599 0.63675
Heze 0.52212 0.37540 0.44876 0.94726 0.65199
Central Plains 654 0.22528 0.32691 0.81604  0.51650

City Cluster

Note: The data are calculated according to relevant formulas and data collation.

coordination degree of the two is higher, and the coupling degree has reached
more than 90%. there are great differences in the coupling coordination degree

of the central Plains city group and various cities. As a whole, the coupling de-
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gree of Central Plains urban group is 0.42854, which is in the stage of mild im-
balance.

According to the above data and the hierarchical division of coupling coordi-
nation degree, the 30 cities in the Central Plains city cluster can be divided into
the following four types:

1) Highly maladjusted class

There are puyang city, Changzhi City, Jincheng city and Xingtai City in the
stage of high disorder. This shows that the space and industrial development of
these four cities have serious dissonance. The main reason for this phenomenon
is that the economic development of these cities is slow. At the same time, under
the constraints of resources and environment, they pay attention to environ-
mental protection and resource conservation, which inevitably leads to the loss
of one city and the loss of the other.

2) Mild disorder

In the stage of mild disorder of city of pingdingshan, anyang, hebi city, shang-
qiu, xinxiang, the authors, jiaozuo, luohe city, zhoukou city, sanmenxia city,
huaibei city, handan city, 12 cities, they are distributed in the adjacent area of
zhengzhou city, the central city of radiation effect is good, good industrial de-
velopment foundation, but spatial development relative lag, the coupling coor-
dination degree is low.

3) Mild coordination

Cities in the mild coordination stage include Nanyang City, Xinyang City,
Kaifeng City, Luoyang City, Zhumadian City, Jiyuan City, Haizhou City, Fuyang
City, Bengbu City, Suzhou city, Liaocheng City, Yuncheng City and Heze City.
These cities are constantly optimizing in all aspects, showing a reasonable struc-
ture initially, but also laid a foundation for the coordinated development of the
economy.

4) Highly coordinated classes

The city in the highly coordinated stage is Zhengzhou, which indicates that
both urban space and industrial development have reached a high level, and
their coordination degree is high, with the coupling degree reaching more than
90%. It can be seen that Zhengzhou has a great advantage in spatial-industrial
coordinated development. As a central city, Zhengzhou has a solid foundation of
space and industrial development, and its degree of coupling coordination is

higher than other cities.

4. Longitudinal Analysis
4.1. Changes in the Pattern of Development

Firstly, the data of each index of each city in 2008 was searched, and the weight
of each index was calculated according to the formula in Chapter THREE. Then,
a model was established to figure out the space-industry coupling coordination
degree of the central Plains city cluster in 2008. The specific data are shown in
Table 8.
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Table 8. Spatial-industrial development evaluation index and coupling coordination de-
gree of central plains city cluster in 2008.

Industrial Evaluation of ~ Comprehensive Degree of
The city developr‘nent space developr.nent Th? coupling
evaluation development evaluation coupling .
index index index coordination
Zhengzhou 0.72411 0.46690 0.59550 0.90890 0.73570
Kaifeng 0.46614 0.15169 0.30891 0.54901 0.41182
luoyang 0.56155 0.25898 0.41027 0.74654 0.55342
Nanyang 0.47574 0.29330 0.38452 0.89061 0.58520
Anyang 0.42965 0.18676 0.30821 0.71357 0.46896
Shangqiu 0.40595 0.19858 0.30227 0.77851 0.48510
Xinxiang 0.45818 0.20158 0.32988 0.72036 0.48748
Pingdingshan 0.44189 0.15190 0.29690 0.57989 0.41493
Xu chang 0.47738 0.14011 0.30875 0.49236 0.38989
Jiaozuo 0.50585 0.21133 0.35859 0.69115 0.49783
Zhoukou 0.41236 0.21052 0.31144 0.80102 0.49947
Xinyang 0.45042 0.41030 0.43036 0.99566 0.65459
Zhumadian 0.44542 0.23219 0.33881 0.81175 0.52443
Hebi 0.41718 0.17138 0.29428 0.68161 0.44787
Puyang 0.39576 0.10654 0.25115 0.44685 0.33500
Luohe 0.40716 0.23345 0.32030 0.85836 0.52434
Sanmenxia 0.46596 0.06917 0.26757 0.20270 0.23289
Jiyuan 0.49147 0.28536 0.38842 0.86417 0.57936
Changzhi 0.39912 0.16628 0.28270 0.68959 0.44153
Jincheng 0.41257 0.13971 0.27614 0.57141 0.39723
Yuncheng 0.37888 0.19770 0.28829 0.81225 0.48390
Suzhou 0.43049 0.35053 0.39051 0.97915 0.61836
Huaibei 0.41179 0.18348 0.29764 0.72744 0.46531
Bozhou 0.41307 0.42074 0.41691 0.99983 0.64563
Fuyang 0.40749 0.26804 0.33776 0.91660 0.55641
Bengbu 0.44235 0.22281 0.33258 0.79400 0.51388
Xingtai 0.47110 0.18240 0.32675 0.64775 0.46006
Handan 0.50040 0.32433 0.41237 0.91092 0.61289
Liaocheng 0.57000 0.49191 0.53096 0.98921 0.72473
Heze 0.49015 0.35227 0.42121 0.94714 0.63162
Central Plains
City Cluster 0.45865 0.24268 0.35066 0.81932 0.53601

Note: The data are calculated according to relevant formulas and data collation.

First of all, from the overall situation of urban space-industrial system devel-
opment in the Central Plains city cluster from 2008 to 2016, it can be seen that

Zhengzhou is still the dominant city. The central Plains city cluster is mainly
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developed with Zhengzhou as the center, and there is still a large gap between
other cities and Zhengzhou. In 2008, The comprehensive development level of
Zhengzhou ranked first, at 0.5955, while Liaocheng and Xinyang were lower
than Zhengzhou.

Secondly, from the perspective of the development of urban space and indus-
trial system in the central Plains city cluster from 2008 to 2016, the development
speed of urban space and industry is not consistent.

By comparing the coupling and coordination degrees of cities in the Central
Plains city cluster in 2008 and 2016. On the whole, the spatial-industrial coupl-
ing coordinated development of the central Plains city cluster is not obvious, but
the coupling development level of each city has been improved to some extent.
At the same time, the central Plains city group has formed a coordinated devel-
opment zone with Zhengzhou as the main city and Nanyang City, Luoyang City,
Liaocheng City, Heze City and Xinyang City as the auxiliary cities.

4.2. Time Series Changes

First of all, from the perspective of the comprehensive development level of the
central Plains city group, the comprehensive development level of the Central
Plains city group fluctuates continuously from 2008 to 2016. By Table 9, you can
see that the comprehensive development level according to the development
trend, can be roughly divided into four stages, 2008-2010, the central plains ur-
ban agglomeration comprehensive development level has a certain decline, but
in 2010-2012, the central plains urban agglomeration comprehensive develop-
ment level has increased, in 2012-2015, the central plains urban agglomeration
comprehensive development level oscillation declines, the lowest level in 2015,
2015-2016 for the sharp rise in zhongyuan urban agglomeration comprehensive

development level. Obviously, the comprehensive development level of The

Table 9. Spatial-industrial development evaluation index and coupling coordination de-
gree of central plains city cluster from 2008 to 2016.

Evaluation Industrial Comprehensive

D f
of space development development The egrefe ©
year X X . coupling
development evaluation evaluation coupling i
K K K coordination
index index index
2008 0.24268 0.45865 0.35066 0.81932 0.53601
2009 0.25587 0.42310 0.33948 0.88235 0.54731
2010 0.22126 0.44454 0.33290 0.78773 0.51209
2011 0.24387 0.43231 0.33809 0.85070 0.53629
2012 0.24463 0.44731 0.34597 0.83577 0.53773
2013 0.25728 0.42647 0.34188 0.88129 0.54890
2014 0.23216 0.41298 0.32257 0.84906 0.52334
2015 0.21590 0.40089 0.30840 0.82819 0.50538
2016 0.22528 0.42854 0.32691 0.81604 0.51650

Note: The data are calculated according to relevant formulas and data collation.
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Central Plains city cluster was the highest in 2008, which was 0.35066. Thanks to
the central China Rising Plan released in 2006, the central Plains city cluster was
given unprecedented opportunities and challenges. At the same time, the central
Plains city group fell from 2008 to 2010, which was just the result of the financial
crisis. On the contrary, it rose twice from 2010 to 2012 and from 2015 to 2016,
benefiting from the development plan of Central Plains city cluster proposed in
2010 and 2016. From this point of view, stable economic environment and poli-
cy support will have a certain role in promoting the comprehensive development
level of the city. Therefore, the economic environment and relevant policies are
the important reasons for the continuous fluctuation of the comprehensive de-
velopment level of the central Plains city cluster.

Secondly, the analysis of the space and industrial development level of the
central Plains city cluster can reveal the main factors affecting the development
of the central Plains city cluster and the main contradiction of the coordinated
development of space and industry. It can be seen that in recent years, the cen-
tral Plains city clusters are dominated by industrial development, and there is a
big gap between space and industrial development level, which reveals the main
contradiction between space and industrial development imbalance.

Finally, by analyzing the coupling coordination degree of the central Plains
city agglomeration, it can be concluded that the spatial-industrial coupling coor-
dination degree of the central Plains city agglomeration evolves in the fluctua-
tion. The first phase is from 2008 to 2010, during which the level of coupling
coordination is in the range of 0.51 to 0.55, although there has been a sharp de-
cline in 2010. In the second stage, from 2010 to 2012, the coupling coordination
level rose steadily, reaching about 0.53. In the third stage, from 2012 to 2015, the
level of coupling coordination first rose and then continued to decline, but
reached the highest level in 2013. The fourth stage is from 2015 to 2016, and the
coupling coordination level has a certain rising trend, rising to 0.5165. On the
whole, in recent years, the coordination degree of space-industry coupling in

central Plains city cluster has been in the stage of mild coordination.

4.3. Main Conclusions

From the perspective of pattern change, the spatial-industrial coupling coordi-
nation degree of central Plains city cluster presents obvious spatial differentia-
tion. From 2008 to 2016, the overall level of urban space-industrial coupling
coordination development of central Plains city cluster has been improved to a
certain extent. Zhengzhou, as the central city of Central Plains city cluster, has a
higher coordination degree than other cities. Moreover, the overall pattern of the
central Plains city cluster is also gradually changing, gradually becoming a coor-
dinated regional development pattern with Zhengzhou as the center and Na-
nyang City, Luoyang city, Liaocheng City, Heze City and Xinyang City as the
auxiliary.

From the perspective of time series changes, the spatial and industrial devel-

opment of central Plains city cluster generally evolves in fluctuation, and the
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evolution process can be roughly divided into four stages: the first stage is from
2008 to 2010, which is dominated by industrial development. However, due to
the impact of the financial crisis, the coordinated development level declines to a
certain extent. The second stage is from 2010 to 2012. Due to policy support, the
level of industrial, spatial and comprehensive development has rebounded, and
the development model is still industry-led. The third stage is the period from
2012 to 2015. Due to the economic recession, the level of all aspects continues to
decline. The fourth stage is from 2015 to 2016. After experiencing the recession,
the central Plains city cluster recovered rapidly and the degree of system coor-
dination increased. However, the degree of coupling and coordination between
space and industry is still relatively low, which also becomes the main contradic-
tion restricting the spatial-industrial coordinated development of central Plains
city cluster.

It can be seen from the above conclusions that the central Plains city cluster is
in a state of mild coordination. The sound development of urbanization cannot
be separated from the coordinated development of space-industry. Each city in
the central Plains city cluster should pay attention to the coordinated develop-
ment of space-industry, accelerate industrial upgrading and innovation, scientif-
ically distribute and rationally utilize land, so that the space-industry can devel-
op in a balanced way, so as to promote the further development of urbanization

and economy.

5. Conclusions and Suggestions

Although the Central Plains urban agglomeration in recent years is dominated
by industrial development, it also promotes economic development. However,
according to the calculation, with the acceleration of urbanization, the coupling
coordination degree between space and industry in Central Plains urban agglo-
meration is at the level of barely coordination, and more problems and contra-
dictions appear. Therefore, in order to further improve the quality of economic
development and the level of urbanization, governments at all levels should ac-

tively formulate plans and take reasonable policy measures.

5.1. Accelerate Industrial Upgrading and Innovation

On the whole, it is pointed out in the 2016 Central Plains city cluster develop-
ment plan that the central Plains city cluster should be upgraded into a national
advanced manufacturing and service industry base as well as a demonstration
area for green ecological development. The proportion of the tertiary industry
and emerging industries should be increased and the tertiary industry should be
developed intensively. Therefore, the central Plains city cluster should actively
carry out industrial upgrading and innovation. As for the past structural model,
we should continue to retain and adhere to the good things, and should trans-
form and upgrade those that deviate from the current economic development
model.

In the process of industrial upgrading and innovation, the market plays an
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important role. However, in terms of the market mechanism, the central Plains
city cluster is in the primary stage, and the market mechanism is not perfect.
Therefore, the central Plains city group should perfect the market mechanism,
improve the competitiveness, so as to promote the development of the market
economy. In the process of improving the market mechanism, it is necessary to
summarize the experience of developed countries, combine with the market sit-
uation of China, and use certain technologies to improve the market mechanism
and realize the industrial upgrading and innovation of the central Plains city
cluster. In the aspect of enterprise, innovation and upgrading of enterprise diffi-
culty is bigger, and the emphasis and difficulty in urban industrial structure op-
timization innovation, governments at all levels to enterprises in the industrial
upgrading, technological innovation and market expansion to give greater sup-
port, so as to promote enterprise innovation and industry upgrading, stable
economic development. At the same time, in addition to government support,
enterprises’ own innovation and upgrading are also the top priorities. Therefore,
enterprises should cultivate their own innovation ability, independent research
and development, improve their comprehensive strength, and realize industrial
upgrading and innovation in the central Plains city cluster. In the process of in-
dustrial upgrading and innovation, we should combine the market with the gov-
ernment, make full use of industrial policies as guidance, strengthen the capacity
of independent innovation, and change the previous extensive development

mode into intensive development mode.

5.2. Scientific Layout and Rational Use of Land

At present, with the increasing contradiction between supply and demand of
land in China, strengthening land management and scientific use of land have
become the fundamental approach and inevitable choice to solve this problem.
To a certain extent, the government should enhance the consciousness of inno-
vation, change the space design, scientifically arrange the urban space, rationally
use the land, and make the urban land more sustainable development. In terms
of land use, the government should clarify the total amount of land, appro-
priately control the scale of land use and formulate reasonable land use policies.
At the same time, the government should strengthen legislation to make land
use policy more authoritative. In the scientific and rational use of urban space,
the role of land administration departments should be brought into play. Ad-
ministrative departments should fully investigate all aspects of land, understand
the problems and deficiencies of land use, understand the functions of land in
different areas, and tap the potential, so as to make a scientific layout, formulate
the best development and utilization plan, and give full play to the maximum
benefits of land.

5.3. Establish an Innovation Mechanism for the Coordinated
Development of Space and Industry

The government should take space and industry into consideration when for-
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mulating the urban development plan. The result of the adjustment of industrial
structure will finally be presented in the form of space, which will also affect the
result of spatial optimization. Therefore, the relevant policies should be consi-
dered and implemented at the same time in order to solve these two problems
comprehensively. The improvement of industrial level will promote economic
growth and urban development. Once the city develops too fast and has a certain
competitiveness, the labor force and capital will increase, leading to further de-
velopment of space, and thus providing more space for industrial development.
If the spatial development stagnates, it will also have a certain influence on the
industrial development, which will inevitably affect the comprehensive devel-
opment level of the city. Therefore, the government should give more rights of
urban development to the market, supervise the service market, make industrial
development and spatial development complement and influence each other,
make industrial development drive spatial development, spatial development
promote industrial development, and establish an innovative mechanism for

coordinated development of space and industry.
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