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Abstract: As a special outcome of urbanization, mega-towns not only play an important role in
the process of socio-economic development, but also are important contributors to urbaniza-
tion. Based on a spatial database of mega-towns in China, this paper explores the spatial
distribution features and growth mechanisms of China’s 238 mega-towns using the nearest
neighbour distance method, kernel density estimation, regression analysis, global autocor-
relation, local autocorrelation and other spatial analysis methods. Results of spatial distribu-
tion features show that: (1) on the national scale, the existing 238 mega-towns mainly gath-
ered in the southeast coastal areas of China; they formed two spatial core agglomerations,
several secondary ones and a southeast coastal agglomeration belt; (2) on the regional scale,
each economic region’s index was less than 1, indicating that mega-towns in each region
tended to be spatially agglomerated due to the close relationship with regional development
level and their number; (3) on the provincial scale, 68% of provincial-level units in China
tended to be a spatial agglomeration of mega-towns; only one province had a random distri-
bution; the number of mega-towns in those evenly-distributed provinces was generally small.
The growth of mega-towns was determined by a combination of various natural and human-
istic factors, including topography, location, economy, population, traffic, and national policy.
This paper chose digital elevation model (DEM), location advantage, economic density,
population density, and highway density distribution as corresponding indicators as quantita-
tive factors. By combining their local autocorrelation analysis, these factors all showed certain
influence on the spatial growth of mega-towns and together scheduled it. In the future, prov-
inces and cities should make full use of the mega-town functions to promote their socioeco-
nomic development, especially the central and western regions in China.
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1 Introduction

299

Acting as “networking ‘nodes’” (Courtney and Errington, 2000), rural “growth poles”

Received: 2019-08-28  Accepted: 2020-01-10
Foundation: Strategic Priority Research Program of the Chinese Academy of Sciences, No.XDA19040402; National Nat-
ural Science Foundation of China, No.41771180, No.41661144023, No.41701165
Author: Wang Xueqin, PhD Candidate, specialized in urban geography and population geography.
E-mail: wangxq.16b@igsnrr.ac.cn
“Corresponding author: Liu Shenghe, Professor, E-mail: liush@igsnrr.ac.cn

www.geogsci.com  www.springerlink.com/content/1009-637x



WANG Xueqin ef al.: Mega-towns in China: Their spatial distribution features and growth mechanisms 1061

(Courtney et al., 2007), or “growth engines” (Giffinger and Kramar, 2012), towns not only
build a bridge between social community capital and ecological cultural heritage, but also
promote the new growth and creativity of the cities (Vaz and Nijkamp, 2013). In various
areas of Europe, New Zealand, Australia, North America, etc., towns account for a signifi-
cant fraction of the total population (Mayer and Knox, 2010). For instance, nearly 70% of
the total population in Germany is distributed in small towns, which are also an integral part
of the Asian urban system, such as Japan, China, and so forth. China is the largest develop-
ing country in the world with a huge number of small farmers and rapid urbanization; its
small town’s development has long been considered as an urbanization model with Chinese
characteristics, which can satisfy the growing needs for urban populations and lift the living
quality of urban and rural dwellers. During 1982-2015, the population of China’s small
towns increased from 47.4 million to 322.12 million, whose proportion in the total urban
population rose from 29.6% to 41.8%, making great contributions to the urbanization.

Mega-town is a special form of socio-economic development that often emerges in the
process of rural industrialization and urbanization (Wei, 2018). China’s mega-town repre-
sents the highest development level of small towns, which is an administrative town with
more than 100,000 inhabitants in the township; its functional form, population density, and
urbanization level often reach or even exceed the general level of small and medium-sized
cities (Xie et al., 2016; Wei and Fan, 2014). Those mega-towns are mainly concentrated in
economically developed areas along the eastern coast (Lu, 2018), as well as the surrounding
areas of some megacities and regional central cities. Mega-towns around the metropolis are
an indispensable part of the metropolitan area. Besides, a mega-town where a county town is
located often works as the heart of the county’s social economy and culture; thus, its stable
development is conducive to the sustainable growth of the county. Another kind of
mega-town with professional industries plays a significant role in the local economic divi-
sion due to the construction of a cluster of characteristic industries with considerable scale
and competitiveness (Xie et al., 2016).

China has a huge land mass, and its natural background conditions and socio-economic
levels among various regions are distinct (Liu et al., 2019), leading to obvious regional dif-
ferences of mega-towns. In general, there are far more mega-towns in Southeast China than
in Northwest China, and more in developed regions than in less developed regions. However,
the current specific spatial differentiation characteristics remain unknown. In addition,
mega-towns are not just limited to developed regions, they also appear in underdeveloped
areas, such as Yunnan and Jilin provinces. What is the mechanism behind this phenomenon,
or what is the growth mechanism of mega-towns? The current academic studies on
mega-towns mostly focus on the strategy of mega-town power-expansion and upgrading,
failing to pay attention to these two issues. Practically, the exploration of spatial distribution
features and growth mechanisms of mega-towns is conducive to provide a guide for the
country and local governments to grasp the characteristics and laws of mega-town’s spatial
differentiation, formulating a scientific development path for mega-towns.

Based on the systematic construction of a spatial database of China’s mega-towns, this
paper aims to explore the above two questions to lay a foundation for promoting their sus-
tainable development. Using the nearest neighbour distance and kernel density estimation
methods, we analysed mega-town’s spatial distribution pattern, examining their national and
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regional differences. Furthermore, by combining Excel software with ArcGIS software, re-
gression analysis and spatial autocorrelation method were applied based on the overlapping
spatial elements, to quantitatively analyse the growth mechanism of mega-towns from to-
pography, location, economy, population, road traffic and other five aspects. Besides, na-
tional policy was selected to qualitatively analyse the growth mechanism. This research can
also provide certain reference for other developing countries.

2 Key literature review

According to the World Urbanization Prospects: The 2018 Revision, approximately half of
the world’s urban dwellers reside in settlements with fewer than 500,000 inhabitants (UN,
2018). Yet, these small settlements are often neglected in the national policy, slipping
through the net between urban strategies and policies for disadvantaged rural regions (Mayer
and Knox, 2010). Even in the international context, the main-stream studies on urban studies
paid most of the attention to big cities (Bjelland, 2010), rather than small settlements (Guin,
2019). However, Bell and Jayne (2009) argued that the exclusive focus on the biggest cities
limits the generalizability of these grand theories, and inhibits the development and impact
of urban studies in the broadest sense. Many other researchers (Lacour and Puissant, 2007,
Ofori-Amoah, 2007) also highlighted the need for urban research which would be free from
“sizism”; those investigations have successfully promoted the studies agenda of small and
medium-sized cities. For example, numerous studies on small towns have been conducted in
Serbia, and a stream of research in India has emerged recently focusing on various aspects of
small urban centres which Zerah and Denis (2017) termed as “second urban turn”. Indeed,
small towns offer unique opportunities for residents to collectively fashion alternatives to
the forces of neoliberal globalization (Knox and Mayer, 2009). They also play a critical role
in rural development especially in culture-led rural place-making in their micro-regions
(Csurg6 and Megyesi, 2016) and exchanges between rural and urban households, enterprises
and economies (Spasi¢ and Petri¢, 2006).

Currently, the concept of small towns has not been clearly defined. Based on the avail-
ability of town data, many countries or current studies often applied a rather simple defini-
tion of towns as settlements with a certain population size, which was non-uniform due to
different population thresholds of small towns among various countries (Ploeckl, 2017).
Germany defines those with fewer than 5000 inhabitants as small towns, so does Russia,
while the scale of small cities in the United States is fewer than 50,000 (Brennan et al.,
2005), and communities with 200 people can be set as towns. Some developing countries
define settlements with inhabitants of 5000 up to 20,000 as small cities (Bell and Jayne,
2009). The medium-sized town is usually a town with a population between 20,000 and
200,000, depending on population density and the respective urban system in a country
(Rivkin and Rivkin, 1982; Rondinelli, 1983; European Foundation, 1994). In many other
areas of the world, population size might not be a simple determinant criterion. In India, a
large village might contain several times as many people as a small town. In the United
Kingdom, there are many towns that are far larger than some historical cities; some forms of
non-rural settlements, such as temporary mining locations, may be clearly non-rural, but
have at best a questionable claim to be called a town. China sets towns based on certain in-
dicators such as population, economy, industrial structure, etc. The population requires more
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than 10,000, and there is no upper limit.

As a special kind of town in the world, mega-town’s population and functional form often
reach or even exceed the general level of cities. This is closely related to national standards
for setting up towns and cities. For instance, a British town can evolve into a city when three
main criteria are satisfied: “a minimum population of 300,000, “a record of good local
government” and “a ‘local metropolitan character’”. Sometimes, it also involves other fac-
tors, such as the results of democratic elections, government ruling standards, etc. So far, a
number of large towns (such as those with over 200,000 residents) have existed in the UK,
which cannot legitimately call themselves a city without the royal designation. Similarly,
238 mega-towns are formed in China, which refers to a town with more than 100,000 in-
habitants in the township according to National Report on the New Urbanization in 2015
(NDRC, 2015).

Mega-towns in most foreign countries rarely have conflicts and problems between man-
agement and development, as the local governments have autonomous rights on lawmaking,
financial allocation, infrastructure construction, and other aspects. Therefore, foreign re-
search on mega-towns is relatively limited, mainly about development processes, social is-
sues, land uses, etc. For instance, Kate (2016) explored the development process for mega
townships in India, emphasizing the focus on meeting the demands of lower and weaker
economic sectors and implementations of legislations and policies, to achieve inclusive de-
velopment in India; D’Aeth (1914) made an analysis on social organization of large towns,
and found that a large town is not a single social unit (i.e. it is not a single set of social in-
stitutions involving churches, public halls, debating societies, etc.); Snowden and Pridemore
(2013) examined the direct and moderating effects of alcohol outlet density, social disor-
ganization, and land use on violence in a large college town.

In view of the non-municipal self-government systems in China, mega-towns have certain
particularity and restrictive nature: they have more responsibility but less power, which
drives them into a dilemma of weak function and low efficiency (Emile, 2000). Therefore, a
large amount of literature discussed solutions to solve this issue, the core way of which is
the power expansion or upgrading of mega-towns (Huang et al., 2016; Ding, 2015; Gu,
2017). Among them, discussions on the spatial distribution and growth mechanism of
mega-towns are almost blank. In addition, most of the current research belonged to the
macro qualitative discussion, and specific empirical studies mostly focused on a certain
province or city. More attention should be paid to quantitative research on the whole na-
tional scale.

3 Data and methods
3.1 Study area and data

China is located in East Asia on the west coast of the Pacific. It has 34 provincial adminis-
trative regions (Hong Kong, Macao, and Taiwan are excluded due to the lack of data), as
shown in Figure 1. Since 2014, the National Bureau of Statistics of China has released Chi-
na’s County Statistical Yearbook (township volume) every year, and the China National
Knowledge Internet has announced the corresponding electronic versions (http://data.cnki.
net/Yearbook/Navi?type=type&code=A), mainly involving administrative areas, working
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population, industrial output value, built-up areas, inhabitants, and inhabitants in urban
built-up areas. This study collected town data in 2015 compiled in the 2016 yearbook, and
then selected data of those 238 mega-towns. The basic vector information data used in this
study, such as world vector surface data, China vector surface data, and China DEM raster
data, were all sourced from the Resource and Environmental Science Data Center of the
Chinese Academy of Sciences. The vector point data of China’s mega-towns in 2015 was
produced by geographic information technology such as latitude and longitude data capture
and digitization, based on China’s Township Administrative Divisions. In addition, the GDP
and inhabitants data of cities across the country were from the annual statistical yearbooks
of the corresponding provinces and cities.

Eight economic zones

m Middle Yangtze River
= Southern Coastal

[ Northern Coastal

) Middle Yellow River
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Figure 1 Divisions of administrative units and economic zones in China

3.2 Methods

3.2.1 Nearest neighbour distance

The nearest neighbour distance is the distance between any point and its nearest neighbour,
indicating the extent of geographical proximity between points in geographic space. The
nearest neighbour index is mainly analysed by the average distance between a point and its
nearest neighbour, and the expected average distance of hypothetical random distribution, to
determine whether the point is randomly distributed or concentrated. The specific calcula-
tion method is as follows:

d; d

1l

d, 05JN/A

where d; is the actual nearest neighbour distance; d

6]
. represents the theoretical average
nearest distance; N is the total number of points; A indicates the area of the study area; r
represents the nearest neighbour distance index. According to the » value, three distribution
modes can be judged: >1 means that the actual nearest neighbour distance between points is
larger than the theoretical nearest neighbour distance, indicating that points are mutually
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exclusive and tend to be in spatially uniform distribution; =1 refers to the distribution of
illustrated points which belong to the spatial random distribution; <1 indicates that the ac-
tual nearest neighbour distance between points is smaller than the theoretical one, showing
that points tend to be spatial agglomeration distribution. By measuring the » value of
mega-towns, this study macroscopically analyses distribution features of mega-towns across
the country, different economic regions and different provinces.

3.2.2 Kernel density estimation

The kernel density estimation (KDE) method mainly uses a moving cell to estimate the den-
sity of points or line patterns. It is to study the distribution characteristics of points by ex-
amining the spatial changes of point density in a regular area, whose calculation formula can
be expressed as:

1 & X=X
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where f{x) is the kernel density calculation function at the spatial position x; d is the dimen-
sion of space; 4 is the distance attenuation threshold, i.e., bandwidth; N is the number of
points whose distance from the position x; is less than or equal to /#; K function represents
the spatial weight function.

Spatial analysis tools of ArcGIS software can realize the KDE method and perform spatial
visualization of results. This study uses the KDE method to estimate the spatial density of
238 mega-towns in China, and analyses the overall spatial distribution characteristics of
mega-towns on the national scale.

3.2.3 Regression analysis

Regression analysis is a method of analysing the linear correlation between one independent

variable x and the dependent variable y, to judge whether there is a correlation between the

independent variable and the dependent variable. When there is only one independent vari-

able in the regression analysis, it is called univariate linear regression; when there are two or

more, it is called multiple linear regression. This study intends to adopt the univariate linear
regression, whose regression equation is as follows:

y=ax+b 4)
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n
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where y is the dependent variable; x is the independent variable; a represents intercept of the
regression equation and b is the slope of the equation; ¥ and y are namely average val-
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ues of x and y.

R Xxy —x2y (7)
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where R is the correlation coefficient, whose value range is [-1, 1]. R= —1 means absolute
negative correlation; R=0 indicates absolute irrelevance; R=1 represents absolute positive

correlation. The bigger the absolute value of R is, the higher the degree of correlation will be.
In addition, the linear regression will detect whether the regression model is effective

through reference coefficient p value computed by corresponding software. p<0.001 means
extremely significant; 0.001<p<0.01 represents very significant; 0.01<p<0.05 indicates gen-
erally significant; and p>0.05 means not significant.

This study is to judge the correlation between each factor and the growth of mega-towns,
by using each factor’s data to conduct the regression analysis with the number of
mega-towns, laying a foundation for spatial autocorrelation analysis.

3.2.4 Spatial autocorrelation

Spatial autocorrelation analysis is an analytical method that tests whether a unit’s observa-
tions are correlated with its neighbour’s observations (Sridharan et al., 2007), including
global autocorrelation and local autocorrelation. The global autocorrelation is usually meas-
ured by Moran’s / index (Cliff and Ord, 1972), so as to reveal the overall distribution of the
spatial unit’s observations and to determine whether there are spatial agglomerations or out-
liers at the global level. The formula is as follows:

N ZZIZLWU (X, - X)X, - X)

(lezith/ )ZZI(X:‘ - )_()2

where x; and x; are observation values of area units i and j, and i is not equal to j; N means
the number of area units; w;; represents the space weight matrix. Moran’s / index is always

Moran's [ =

®)

between —1 and 1. Moran’s / > 0 indicates that the unit’s observations are spatially agglom-
erated; Moran’s I < 0 represents observations are discretely distributed; Moran’s / = 0 means
observations are randomly distributed.

Local autocorrelation is to reveal the similarity or heterogeneity between observations of
adjacent spatial units in the study area. It can quantitatively identify the distribution of “hot
spot, cold spot” of a certain attribute of area, and then detect the spatial pattern of regional
polarization. The formula of the local Moran’s / (LMI) index is expressed as follows:

LMI =Z,Y W,Z, ©)
i=1

where Z; and Z; represent the normalized values of observation values of i and j spatial units;
Wi is the spatial weight matrix. The LM/ index can reflect a clustering relationship between
a certain observation value and its surrounding observation values, including four types:
high and high cluster (High-High) indicates the attribute value of observation is high with
the surroundings; high and low cluster (High-Low) means the attribute value of observation
is high while the periphery is low; low and high cluster (Low-High) means the attribute
value of observation is low, but the surrounding is high; low and low cluster (Low-Low)
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indicates the attribute value of observation is low with the periphery, and the last one means
that there is no obvious clustering mode.

Global autocorrelation and local autocorrelation methods are mainly used to analyse the
spatial growth mechanism of mega-towns. Among them, this paper chose global autocorre-
lation to determine whether each relevant factor of mega-towns was spatially agglomerated.
Further, this research adopted local autocorrelation to analyse the spatial distribution char-
acteristics of various factors. By comparing and analysing the consistency or similarity be-
tween the spatial distribution features of factors and that of mega-towns, this paper further
explored the influence mechanism of related factors on the growth of mega-towns.

4 Results

4.1 National scale

As shown in Table 1, there were 238 mega-towns with a population of more than 100,000 in
China in 2015, which only accounted for 1.18% of the whole small towns while their total
population occupied 11.82%. The total number of residents in the mega-towns was more
than 38 million, which indicates that China’s mega-towns are important contributors to ur-
banization.

Table 1 China’s mega-towns listed by scale hierarchies in 2015

Mega-town Inhabitants (person) Number List

Medium city level =500,000 2 Chang’an Omitted, Humen Town

Tangxia Town, Houjie Town, Liaobu Town, Changping
Town, Dachang Town, Xiaolan Town, Fenggang Town,
Dalang Town, Qingxi Town, Qibao Town, Xinzhuang
Town, Xucheng Town, Taihu Lake New Town, Daling-
shan Town, Longgang Town, Yangshe Town, Yushan

Type-I small city level 200,000-500,000 37 Town, Beiqijia Town, Suicheng Town, Tianya Town,
Zhili Town, Shijie Town, Nanqiao Town, Qian’an Town,
Huangjiang Town, Gucun Town, Sanlin Town, Meilong
Town, Wucheng Town, Wuchang Town, Gaobu Town,
Jiuting Town, Tangxia Town, Hengli Town, Licheng
Town, Shishan Town

Type-1I small city level 100,000-200,000 199 Omitted

Based on formula (1) and ArcGIS software, the theoretical nearest neighbour distance of
China’s mega-towns is 99,828.3 m, and the nearest neighbour index » is 0.48. This shows
that the actual nearest neighbour distance between mega-towns is smaller than the theoreti-
cal nearest neighbour distance, thus implying that the distribution of mega-towns belongs to
a spatial agglomeration pattern.

To further analyse the spatial concentration characteristics of mega-towns, this study ob-
tained the kernel density of mega-towns characterizing the spatial distribution pattern of
mega-towns based on kernel density estimation method, as shown in Figure 2. According to
the kernel density figure (Figure 2), we found several features as follows:

(1) The overall distribution of China’s mega-towns was a pattern of “sparse in the North-
west and dense in the Southeast”. From Figure 2, it can be seen that there were fewer
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Figure 2 Spatial distributions of China’s mega-towns in 2015

mega-towns in the Northwest and their distribution was sparse. Specifically, there were no
mega-towns in Gansu, Xinjiang, Tibet and other provinces. Comparatively, large numbers of
mega-towns were located in the Southeast China, and they were relatively spatially agglom-
erated, especially in the most densely populated and economically advanced southeast
coastal region in China. This reflected the spatial characteristics of China’s mega-towns:
they gathered in the southeast coastal areas of China.

(2) Mega-towns formed two spatial core agglomerations and several secondary ones. The
two core clusters were namely the Yangtze River Delta urban cluster and the Pearl River
Delta urban cluster, where both the number and population size of these mega-towns were
relatively large. The two medium-city-level mega-towns were both concentrated in the Pearl
River Delta region, where the total number of mega-towns was 34, which accounted for
14.3% of all mega-towns. The Yangtze River Delta region had 65 mega-towns, which made
up a relatively significant share (27.3%) of mega-towns. Among them, there were 12
mega-towns with a population of over 200,000, including Dachang Town, Qibao Town,
Xinzhuang Town, etc. There were secondary clusters which were mainly distributed in the
Beijing-Tianjin-Hebei urban agglomeration, the Sichuan Basin, the central area of Hunan
and Hubei, and the central area of Guizhou. These secondary clusters had a relatively large
number of small-sized mega-towns with a contiguous distribution. It can be seen that the
spatial agglomeration features of China’s mega-towns were comparatively remarkable.

(3) A southeast coastal agglomeration belt of mega-towns has formed. China’s southeast
coastlands had a prominent geographical location advantage, rapid economic development,
and a high level of urbanization. Production factors in these areas such as labour, capital,
technology, etc., were highly concentrated, which provided unique conditions for the growth
and development of mega-towns. A number of mega-towns have already grown up in the
coastal strip from the eastern part of Jiangsu Province to Hainan Island, forming a coastal belt.

4.2 Regional scale

According to features of socio-economic development in various regions, China’s national
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land space is divided into eight comprehensive economic zones, as shown in Table 2.

Table 2 Socio-economic situation of eight comprehensive economic zones in 2015

Regions GDP (billion) Urbanization rate (%) Inhabitants (billion)
Eastern Coastal Area 13812.6 73.3 159.3
Northern Coastal Area 13236.1 69.4 209.9
Southern Coastal Area 10249.5 62.1 156.0
Middle Yangtze River 9718.2 52.5 233.5
Southwest Area 8669.5 48.2 242.9
Middle Yellow River 8562.2 54.0 194.5
Northeast Area 5781.6 60.5 109.5
Northwest Area 2247.0 44.8 65.4

This study counted the number of mega-towns in each area and summarized the economic
contribution and demographic contribution of mega-towns to the corresponding region, as
shown in Figure 3. In view of the data availability, industrial output represented economic
contribution. In general, the more developed the regional economy and the higher urbaniza-
tion ratio of areas were, the more mega-towns there were, the greater the economic contri-
bution and population contribution of mega-towns to areas were. However, the northern
coastal area was rather special and ranked 2nd in terms of economic strength and urbaniza-
tion in all regions, but both the number of mega-towns and contribution ranked 5th. This
might be due to the fact that the development of this area mainly relies too much on the du-
al-core of “Beijing dominates and Tianjin supplements”. In comparison, most surrounding
areas like Tangshan, Chengde, etc., of Hebei Province were backward. The excessive distri-
bution of production factors was not conducive to the balanced growth of mega-towns.

Northwest

Industrial output

contribution (billion) Population (million)
£10-14 0.00-0.23
Number of =
= 5:% mega-towns / ;8%2:(1)3?5’ Number of
£76-232 =1.26-2.35 mega-towns
=50 St
£35./0-0.
= 435-2060 0 500 km m6.17-11.46 0 500 km
- 2061-3160 — w11.47-11.92 —
= No data = No data
(a) Industrial output contribution (b) Population contribution

Figure 3 Mega-towns’ contribution to eight economic zones of China in 2015

In addition, this study recorded the nearest neighbour distance indexes of mega-towns of
eight economic regions, as shown in Table 3. Each economic region’s index was less than 1,
indicating that mega-towns in each region tend to be a spatial agglomeration distribution.

Table 3 also shows that the spatial concentration of mega-towns shows an inverse rela-
tionship to the degree of regional development and the number of mega-towns in general. As
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regional development levels decreased and the number of mega-towns dropped, the degree
of spatial agglomeration increased on the whole. For instance, the eastern coastal area and
the southern coastal area were the two most developed economic zones in China, and they
had the most mega-towns accounting for 54.2% of the total, while the spatial concentration
levels of their mega-towns ranked second to last and third to last among eight economic
zones. Their r values were 0.83 and 0.82, respectively. The socio-economic levels of north-
east and northwest areas were the two lowest regions while conditions of their spatial ag-
glomeration ranked the highest. This was closely related to China’s natural resource and en-
vironmental distribution differences. The resource endowment conditions in China’s eco-
nomically developed regions are usually better and relatively uniform, which is conducive to
the growth and scattered distribution of mega-towns. Comparatively, China’s underdevel-
oped areas are usually those with complex terrain and relatively scarce resources, such as the
Northwest and Southwest. Furthermore, their conditions to support the development of
mega-towns are usually limited and concentrated, so that the number of mega-towns is small
and the distribution is relatively concentrated. Using the Northwest Area as an example, its
natural resources were extremely scarce and their natural environment was overly harsh,
which negatively impacted regional development and growth of mega-towns. In addition,
the scarce resources are relatively concentrated in the Northeast China Plain, therefore, a
limited number of mega-towns are densely distributed in the Songliao Plain.

Table 3 Regional nearest neighbour distance index » of China’s mega-towns in 2015

Region Number of mega-towns r Region Number of mega-towns r
Eastern Coastal Area 72 0.83 Southwest Area 29 0.70
Northern Coastal Area 17 0.71 Middle Yellow River 9 0.70
Southern Coastal Area 57 0.82 || Northeast Area 8 0.69
Middle Yangtze River 44 0.84 || Northwest Area 2 0.64

4.3 Provincial scale

Based on data availability, the following analysis did not include Hong Kong, Macao, and
Taiwan. This study counted the number of mega-towns in 31 provincial administrative units
and calculated their nearest neighbour distance index r. The results are shown in Table 4. We
found that:

(1) Mega-towns of most provincial-level units in China tended to be in spatial agglomera-
tion distribution, but degrees of agglomeration were not high. Table 4 shows that there were
21 provinces and cities whose » value was less than 1, accounting for 68% of the total pro-
vincial units. Their administrative areas shared 53.4% of the whole land. According to the
results, the  values of 6 in the 21 provinces were 0.00 because only 1 mega-town existed in
them, while 13 provinces had an » value greater than 0.6. As a larger » value means a smaller
degree of agglomeration, the concentration level of most provincial units is low. The reason
might be that mega-towns usually surround the periphery of metropolis so that the distance
between the mega-towns is relatively large, and the area of provincial administrative units is
much smaller compared with economic zones. According to the calculation formula of near-
est neighbour distance, the » value will not be small which means concentration degree will
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not be high.

(2) Only one province had a random distribution of mega-towns. Based on calculation
results, Anhui Province was the only province among all provincial units, whose nearest
neighbour distance index » was 1, implying that the spatial distribution of 15 mega-towns in
this province belonged to a random distribution. This means that the spatial distribution of
mega-towns in Anhui was not affected by the differences in regional socio-economic devel-
opment (Peng and Yang, 2018).

(3) The number of mega-towns in those provinces where mega-towns were evenly dis-
tributed was generally small. Table 4 shows that there were six provinces with uniformly
distributed mega-towns, and among them, four provinces including Hainan, Henan, Yunnan,
and Shanxi, had less than four mega-towns (2, 3, 3, and 4, respectively). The reason for this
phenomenon needs to be further explored.

Table 4 Provincial nearest neighbour distance index » of China’s mega-towns in 2015

Provinge—level Number of - Distribution mode Provinge—level Number of +  Distribution mode
region mega-towns region mega-towns

Beijing 1 0.00 agglomeration Guangdong 48 0.83 agglomeration
Guizhou 1 0.00 agglomeration Jiangxi 13 0.86 agglomeration
Liaoning 1 0.00 agglomeration Hunan 9 0.87 agglomeration
Ningxia 1 0.00 agglomeration Tianjin 3 0.89 agglomeration
Qinghai 1 0.00 agglomeration Heilongjiang 3 0.95 agglomeration
Shaanxi 1 0.00 agglomeration Anhui 15 1 random
Shandong 2 0.07 agglomeration Yunnan 3 1.08 uniform
Inner Mongolia 3 0.38 agglomeration Jiangsu 35 1.15 uniform
Guangxi 5 0.63 agglomeration Henan 3 1.18 uniform
Jilin 4 0.64 agglomeration Hebei 11 1.32 uniform
Hubei 7 0.70 agglomeration Hainan 4 1.41 uniform
Sichuan 18 0.70 agglomeration Shanxi 2 2.15 uniform
Chongqing 2 0.71 agglomeration Gansu 0 — —
Zhejiang 14 0.72 agglomeration Tibet 0 — —
Shanghai 23 0.75 agglomeration Xinjiang 0 — —
Fujian 5 0.81 agglomeration China 238 0.48 agglomeration

Note: Hong Kong, Macao, and Taiwan were omitted due to a lack of data.

S Analysis of growth mechanisms of mega-towns

The spatial growth of mega-towns is a result of the combination roles of many influencing
factors. Considering natural factors and regional natural resources, terrain and environment
play fundamental roles in the development and growth of urban settlements by affecting
production efficiency, life quality and ecological protection. With regard to humanistic and
social factors, regional economic development conditions, population distribution, geo-
graphical location, infrastructure level and government policy, etc. all have an important
effect on the growth of mega-towns. According to the principles of correlation factor typi-
cality, data availability, and operability, this study selected five aspects to complete a quan-
titative analysis on growth mechanisms of China’s mega-towns, involving topography, loca-
tion, economic development, population concentration degree, and traffic. Meanwhile, the
national policy factor was chosen for the qualitative analysis.
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In terms of quantitative analysis, this study would take a regression analysis to judge the
correlation between the selected influencing factors and the number of mega-towns. This
study used each factor’s indicator data to make regression analysis with mega-towns. By
determining those factors that are related to the number of mega-towns according to the re-
sult of regression analysis, this study will continue to perform spatial autocorrelation analy-
sis to analyse in-depth the specific impact of factors on the spatial growth of mega-towns.

With regard to qualitative analysis, this paper will analyse the impact of national policy
factors on the spatial growth of mega-towns.

Finally, this study will summarize the growth mechanism of China’s mega-towns by
comprehensively sorting out the results of qualitative and quantitative analysis.

5.1 Quantitative factor analysis

5.1.1 Regression analysis

This paper applied digital elevation model (DEM) indicator to characterize terrain; the dis-
tance between a mega-town and its neighbouring core city was indicative of the location
advantage level of the mega-town; economic density represented the degree of regional
economic development; population density indicated the regional population concentration
degree; highway network density characterized the level of regional road traffic convenience.
One thing to note, there were 90 core cities consisting of 34 provincial capital cities and 56
prefecture-level cities above the scale of a large city, whose urban resident population was
over 1 million. In addition, the economic density, population density, and highway network
density data all adopted municipal-scale data. The specific data processing methods are as
follows:

This paper collected national DEM raster data, vector surface data of national prefec-
ture-level spatial units, vector point data of national prefecture-level city seats, and vector
point data of the 238 mega-towns’ geographical layout, vector line data of the national
highway network distribution, urban GDP and resident population statistical data. This paper
took the extraction tool to assign the DEM raster data to the corresponding extra-towns, to
obtain the DEM vector database of mega-towns in China. Also, it measured the distance
between a mega-town and its neighbouring core city, constructing the location advantage
vector database. Furthermore, it calculated economic density, population density, and road
network density at the prefecture-level, and built the vector databases of national munici-
pal-scale economic density, population density, and road network density. Finally, it super-
imposed the three vector maps with the spatial distribution vector point map of mega-towns
through the interception tool of ArcGIS, to make mega-towns obtain the local attributes in-
cluding economic density, population development levels, and traffic conditions. Therefore,
238 mega-towns obtained all attributes of the five selected influencing factors.

This study used each factor’s attribute data to make regression analysis with the number
of mega-towns based on formulas (4)—(7), to judge the correlation between each factor and
the growth of mega-towns. The results showed that the correlation coefficient R of DEM,
distance from core cities, economic density, population density and highway density were
respectively —0.3911, —0.4899, 0.4617, 0.6893 and 0.0708. Their reference coefficient p values
were 0.0482, 0.0052, 0.0068, 0.0000 and 0.4621. Line fit plots were shown in Figure 4.

It denoted that there all were interrelationships between the five factors and mega-towns:
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(1) The economic density, population density, and highway density were positively corre-
lated with mega-towns. Except for road density, the results of model tests were very signifi-
cant, indicating that densely populated and economically developed areas were more condu-
cive to the cultivation of mega-towns. The improvement of traffic conditions might also
benefit the development of mega-towns. (2) DEM and distance from core cities both had a
negative correlation with mega-towns. The DEM’s model test was generally significant, and
the model test of distance from the core city was very significant. This indicated that the
flatter the terrain and the closer to the core city, the more conducive to the growth and de-
velopment of mega-towns. Therefore, this paper determined that these five factors chosen
were related to the growth of mega-towns.
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Figure 4 Line fit plot of various influencing factors on the number of mega-towns (Y) in 2015

5.1.2 Spatial autocorrelation analysis

To further explore the specific impact of factors on the spatial growth of mega-towns and the
growth mechanism of mega-towns, this paper implemented spatial autocorrelation analysis,
involving global autocorrelation and local autocorrelation.

First, using the formula (8), this paper carried out global autocorrelation processing on
those influencing factors on mega-towns’ growth to determine whether there were some spa-
tial agglomeration characteristics. The results of the global autocorrelation showed that the
Moran’s [ indexes of DEM, location advantage, economic density, population density, and
highway density distribution of China’s mega-towns were all greater than 0, 0.1856, 0.5215,
1.7326, 1.6358, and 0.2233, respectively. Their Z values, indicating a significant degree of
spatial autocorrelation, were 16.06, 18.60, 61.45, 58.08, and 8.07, implying that these related
factors all had agglomeration features in the spatial distribution, laying a foundation for lo-
cal autocorrelation analysis.

Second, this paper made local autocorrelation processing on the spatial distribution of
each correlation factor based on the formula (9). By further confirming whether there was
consistency or similarity between each factor’s concentration characteristics and
mega-towns’ distribution features, we analysed their influence on the spatial growth of
mega-towns. The results are as follows:
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(1) Terrain factor. This paper conducted local autocorrelation measures on the DEM dis-
tribution map of mega-towns in China. The results are displayed in Figure 5. It demonstrates
that the mega-towns formed a High-High type agglomeration zone in Northwest China,
showing that the mega-town surrounding a high-altitude mega-town also had high elevation.
This type was closely related to the objective phenomenon of high altitude in Northwest
China. Among them, the agglomeration feature of the Sichuan Basin was more obvious,
which was one of the secondary gathering areas of mega-towns. The main reason is that Si-
chuan Basin has rich resources and a large number of small towns (1909, far more than those
of other provinces), laying a good foundation for the development of mega-towns. However,
it crossed the Qinghai-Tibet Plateau, Hengduan Mountains, Yunnan-Guizhou Plateau, and
other geomorphological units, making the altitude of many mega-towns generally high and
thus forming a High-High agglomeration zone. Low-Low type agglomeration zone was
mainly located in Southeast China, especially in the Yangtze River Delta and Pearl River
Delta regions. These areas are basically plain areas, with relatively developed economies
and dense populations, which is conducive to the spatial concentration of mega-towns and
the formation of Low-Low type. It can be seen that High-High type and Low-Low type ag-
glomeration zones include almost all core clusters of mega-towns, showing a background
role of natural conditions on spatial growth of mega-towns.

In addition, this study analysed the elevation values of mega-towns and found that nine
mega-towns with an altitude of over 1000 m accounted for 3.78% of the total number of
mega-towns; six between 500 and 1000 m occupied 2.52%; 16 with 300-500 m occupied
6.72%; eight between 200 and 300 m consisted of 3.36%; 199 were below 200 m, account-
ing for 83.6%. This indicates that more than 80% of mega-towns are distributed in plain ar-
eas, implying that the flatter the terrain, the more likely that mega-towns would flourish.

Not significant
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Figure 5 Local autocorrelation analysis of DEM in China in 2015

(2) Location advantage factor. The location of a mega-town refers to the spatial connec-
tion between a mega-town and a developed city or core economic body. The closer a
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mega-town is to a developed city or core economy, the more opportunity it has to accept the
radiating effect, which provides advantages to location. This study utilized the distance be-
tween a mega-town and its neighbouring core city to roughly characterize the location ad-
vantage of the mega-town. The local autocorrelation result of the location advantages shows
that mega-towns mainly formed two agglomeration types, namely High-High disadvan-
tage-type and Low-Low advantage-type (Figure 6). The High-High type zone meant a region
where all the mega-towns were far from core cities, indicating their location advantages are
relatively low. This type was mainly distributed in the central part of China, southern
Guangxi and Hainan Province, where there were fewer core cities. The Low-Low type area
was mainly situated in the Yangtze River Delta and the Pearl River Delta urban clusters,
which was characterized by significant agglomeration. These two urban clusters are the core
gathering areas of mega-towns, and they are the two most developed regions in China,
where many large cities crowd together, such as Shanghai, Suzhou, Wuxi, etc., in the Yang-
tze River Delta, Guangzhou and Shenzhen in the Pearl River Delta region. These large cities
are economically developed and have strong radiation belts, which have contributed to the
development of a large number of mega-towns in the periphery. This implies that the growth
of mega-towns is closely related to the advantages of the location.
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Figure 6 Local autocorrelation analysis of location in China in 2015

(3) Economic development factor. Since the reform and opening up of China, there have
been significant regional differences in China’s socioeconomic development (Sui, 2017).
The economic development in the eastern coastal areas such as the Yangtze River Delta and
the Pearl River Delta is rapid as compared to other areas. Mega-towns in these regions have
become the main choice for industrial transfer and functional evacuation of core cities. The
local autocorrelation processing on the economic density distribution is shown in Figure 7. It
demonstrates that mega-towns mainly formed three types of concentration zones involving
High-High economy-developed type, Low-High type, and Low-Low economy-backward
type; these zones were comparatively consistent with the overall spatial agglomeration fea-
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tures of mega-towns. The High-High type was concentrated in the economic core areas of
the Yangtze River Delta and the Pearl River Delta, further confirming the positive role of the
economic development level on the growth of mega-towns. The Low-High type means that
mega-towns surrounding low-economy mega-towns have high economic development levels.
This type was mainly distributed around the High-High zones, indicating that the economic
radiation effect reduced as the distance from the economic core increased. The Low-Low
economic backward type was primarily located in the Northeast Area, Middle Yellow River
Area, Middle Yangtze River Area, and Sichuan Basin. The economic development level of
these arcas was rather weaker than that of the eastern coastal area, and there were fewer
megacities or megalopolis with a strong economic driving capacity. For these districts, gov-
ernors should further strengthen the cultivation of mega-towns to increase cores of regional
growth for supporting regional development.
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Figure 7 Local autocorrelation analysis of economic density in China in 2015

(4) Population concentration degree factor. Working as producers and consumers, the
population is the primary development body of a town, whose spatial agglomeration could
promote the growth and development of the town. Figure 8 signifies that three agglomera-
tion types of zones were formed in space, including the High-High densely-populated type,
Low-High type, and Low-Low sparsely-populated type, which were also relatively consis-
tent with the overall spatial concentration characteristics of mega-towns. The High-High
densely-populated type was mainly distributed in the densely populated areas of the Yangtze
River Delta and the Pearl River Delta, showing the positive role of the population concen-
tration degree on the growth of mega-towns. The Low-High type was mainly concentrated
around the High-High zones, which means the closer to the densely populated area, the
denser the mega-towns, further confirming the promotion role that the degree of population
intensity has on the growth of mega-towns. The Low-Low sparsely-populated type was pri-
marily located in the Northeast Area, Middle Yellow River Area, Middle Yangtze River Area,
and Sichuan Basin. The population scale of these areas was much smaller than that of the
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eastern coastal area, implying a proportional relationship between population factor and
mega-towns.

. Lo 7AS

Not significant ?;gg(l)athonnﬂ%ensnyg /
» High-High 50-177
o High-Low 1 178-419
e Low-High = 420-723

Low-Low m 724-1287
— Provincial boundary m 1288-2373 0 500 km
[ No data m 2374-5324 [

Figure 8 Local autocorrelation analysis of population density in China in 2015

(5) Traffic condition factor. Road traffic, working as an important transmission medium
for urban economic and social relations, plays a vital role in the development of towns
(Yang, 2016). For example, the improvement of traffic accessibility is conducive to the ex-
pansion of town settlements, as well as the formation of mega-towns. The results of its local
autocorrelation showed that (Figure 9), the High-High traffic-developed type zone was
mainly formed in the Beijing-Tianjin-Hebei and Yangtze River Delta urban clusters, among
which the Yangtze River Delta had a relatively obvious agglomeration feature. Other traf-
fic-developed-type mega-towns existed in the transportation hub cities of Nanchang in Ji-
angxi, Guangzhou in Guangdong, etc. These areas almost covered all the most developed
transportation regions in the country or urban areas. For example, Beijing, as the capital of
China, has convenient transportation, from which Beijing-Shanghai, Beijing-Kowloon, Bei-
jing-Guangzhou lines, and other important transportation hubs all start. The High-Low and
Low-High types were scattered in the Chengdu-Chongqing urban cluster, Shanxi, Hebei, An-
hui, Henan and other provinces. The Low-Low traffic-backward type area was much smaller
and mainly distributed in Sichuan Basin, western Hunan, southern Hubei, and coastal areas of
Fujian, where road constructions are difficult due to the relatively complex topography and
geology of these areas. The government should speed up the building of air transportation to
strengthen the spatial connection between mega-towns and developed areas.

5.2 Qualitative factor analysis

There are many qualitative factors affecting the growth of mega-towns, including urban in-
stitutional mechanisms, management systems, government policies, etc. This research
mainly selected national policies for qualitative analysis. The Chinese government has in-
troduced preferential policies for small towns since the reform and opening-up (Wu and
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Figure 9 Local autocorrelation analysis of highway density in China in 2015

Fang, 2009). As the largest developing country in the world with a huge number of small
farmers and also rapid urbanization, China considers the development of small towns as an
urbanization model. The Chinese “Five-Year Plan”, which has set a goal for national devel-
opment vision and plan for major construction projects, reflects that the national urban de-
velopment policy is emphasized on small towns. Benefiting from the support of those fa-
vored policies such as land, capital, investment, etc., the economy and population of some
towns expanded rapidly and developed into mega-towns.

In addition, the latest standard for setting up towns, made by the Ministry of Civil Affairs
in 2000, does not restrict an upper limit on the population size of a town, which means that a
town’s status would not change regardless of any population size. In light of the division
criteria of city size in China, 198 of 238 mega-towns have reached the size standard of
type-II small city with a population size of less than 200,000, 38 fit the scale demand of
type-1 small city whose scale is between 200,000 and 500,000, and another two meet the
criterion of medium-sized cities with 500,000—1,000,000 residents. However, the Chinese
government does not upgrade them into corresponding cities, because a town is the lowest
one in Chinese administrative levels, which cannot fulfill the normal management duties of a
city government. Hence, China has formed a unique administrative unit-mega-towns.

5.3 Summary of growth mechanisms of mega-towns

Based on the qualitative and quantitative analysis, this paper found that there are different
levels of correlations between all related factors and small towns. The natural resources and
environment, especially the topographical conditions, laid the foundation for the growth of
mega-towns. The economic factor, population factor, and traffic factor all played positive
roles in the development of mega-towns. Among them, the concentration features of the
three main agglomeration types of economic density and population density were both rela-
tively consistent with the overall spatial concentration characteristics of mega-towns. In ad-



WANG Xueqin ef al.: Mega-towns in China: Their spatial distribution features and growth mechanisms 1079

dition, the absolute value of correlation coefficient between population density and
mega-towns was the largest according to the results of regression analysis. This reflected
that the population concentration degree was the main driving force for the growth and de-
velopment of the mega-towns. Location advantage’s absolute value was the second biggest,
signifying that the mega-town was easy to grow around big cities, working as a satellite
town or a carrier of the population and industrial transfer. In addition, the national policy
orientation and administrative division system played a certain role in the formation of
mega-towns.

In fact, there were intricate interactions between the relevant factors, which together
scheduled the growth and development of mega-towns. On the one hand, economic devel-
opment and external traffic conditions have a positive impact on population agglomeration
and diffusion (Sun et al., 2009). The faster the economic development, the more developed
the transportation, and the more favourable the population agglomeration. On the other hand,
the increase of population density would further promote economic development and im-
prove traffic conditions. There was also a mutually reinforcing relationship between eco-
nomic development, location conditions, and traffic conditions. Natural resource conditions
play a background role in economic, populational, and traffic factors. Policy factors play a
regulation role in the development Of
the economy, movement of population, 5 - o ‘
and improvement of transportation fa-
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Figure 10 Growth mechanisms of China’s mega-towns

6 Conclusions and discussion
6.1 Conclusions

There were 238 mega-towns in China in 2015. The total population in mega-towns was more
than 38 million, occupying 11.82% of the whole small towns although their number only
accounted for 1.18%, which reflected their important contributions to urbanization. This
paper aims at analysing the spatial distribution features of mega-towns in China, and ex-
ploring their growth mechanism to provide certain reference for making town development
policies. It adopted the nearest neighbour distance, kernel density estimation, regression
analysis, global autocorrelation, local autocorrelation and other spatial analysis methods
based on a spatial database of mega-towns in China.

The results showed that the nearest neighbour index r of the existing 238 mega-towns was
0.48, which means that the distribution of mega-towns tended to be a spatial agglomeration
pattern. Specifically, they mainly gathered in the southeast coastal areas of China, presenting
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a pattern of “sparse in the Northwest and dense in the Southeast”. In addition, they formed
two spatial core agglomerations and several secondary ones, and a southeast coastal ag-
glomeration belt. They exhibited different spatial agglomeration characteristics in different
economic regions and provincial units because of objective natural and human diversities.
On the regional scale, mega-towns in each region tended to be a spatial agglomeration dis-
tribution, whose nearest neighbour index » was 0.83, 0.71, 0.82, 0.84, 0.70, 0.70, 0.69 and
0.64. As regional development levels decreased and the number of mega-towns dropped, the
degree of spatial agglomeration increased relatively. On the provincial level, mega-towns of
most provincial-level units in China, occupying 68% of the total provincial units, tended to
be a spatial agglomeration distribution, but degrees of agglomeration were generally not
high. Only Anhui Province had a random distribution of mega-towns, whose nearest
neighbour distance index » was 1. These phenomena showed that the spatial concentration
features of mega-towns on the provincial scale were not significant. Besides, the six prov-
inces with uniformly distributed mega-towns had generally fewer mega-towns and four
provinces had less than four mega-towns (2, 3, 3, and 4, respectively). On the whole,
China’s mega-towns exhibited an obvious regional difference in terms of spatial agglomera-
tion characteristics.

With regard to the growth mechanism of mega-towns, this paper mainly adopted quantita-
tive analysis methods, combining with qualitative analysis. It chose topography, location,
economy, population and traffic as related factors and selected DEM, location advantage,
economic density, population density, and highway density as corresponding indicators of
the five quantitative factors. According to regression analysis results, the correlation coeffi-
cient R between the number of mega-towns and the five quantitative factors were —0.3911,
—0.4899, 0.4617, 0.6893 and 0.0708. In addition, the global autocorrelation results show that
they were all spatially agglomerated, whose Moran’s / indexes were namely 0.1856, 0.5215,
1.7326, 1.6358 and 0.2233, and Z values were respectively 16.06, 18.60, 61.45, 58.08 and
8.07. Therefore, these factors all showed certain influence on the spatial growth of
mega-towns. To further explore the specific impact of factors on the spatial growth of
mega-towns and the growth mechanism of mega-towns, this study conducted the local au-
tocorrelation analysis. It found that the natural resource environment played a background
role; economic factors, population factors, and traffic factors all produced positive effects. In
terms of the location advantage, the closer to big cities or economic bodies, the easier
mega-towns were to grow. In addition, it selected national policy as a human factor to make
a qualitative analysis on the growth mechanism of mega-towns, and found that the national
policy orientation and administrative division system played a regulation role. In fact, there
were intricate interactions between all the natural and human factors, which together sched-
uled the growth and development of mega-towns. Governors should synthetically consider
the roles of all the factors while making up mega-town cultivation strategies.

6.2 Discussion

Mega-town works as a key link to realize the interaction between new urbanization and new
rural construction, which has a unique role in advancing regional economic growth, absorb-
ing labour employment and other aspects. Provinces and prefecture-level units should make
full use of the mega-town functions to promote their socioeconomic development, and adjust



WANG Xueqin ef al.: Mega-towns in China: Their spatial distribution features and growth mechanisms 1081

the urban development strategies according to the spatial distribution characteristics of
mega-towns. China is the largest developing country, which still has the arduous task of ur-
banization. Fostering mega-towns would benefit the realization of in-situ urbanization,
which is conducive to the orderly advancement of the Chinese urbanization process. Par-
ticularly, the central and western regions in China, which are dominated by small towns with
relatively backward development, need to cultivate mega-towns as new development nodes
based on the grasp of their growth mechanism. Meanwhile, the cultivation of mega-towns
will help alleviate the population and economic pressures of large cities, to mitigate the
problem of “city diseases” to improve the sustainability of large cities. As mega-towns have
more responsibility but less power, Zhejiang Province has taken the lead in launching the
strategy of “cultivating pilot-towns into small cities”, and achieved remarkable results in
terms of systems and mechanisms, development quality and efficiency, ecological environ-
ment, etc. In recent years, the state government of China has also adopted this strategy and
carried out practical work. This might provide some reference for other developing coun-
tries.
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