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Rural in situ urbanization (RISU) indicates that rural settlements transfer into urban land within the original
rural settlements area from the perspective of land use. A quantitative study from the perspective of land use can
reveal trends of RISU and provide a basis for the promotion of the healthy and rational development of urba-
nization. Based on the investigation data of land use change of Beijing-Tianjin-Hebei in the period from 2003
through 2015, this paper analyses the spatio-temporal pattern of RISU through the elaboration of RISU and the
construction of a rural in situ urbanization index (RISUI), and the driving mechanism of RISU is subsequently
discussed. The results showed that RISU fluctuated during the study period in Beijing-Tianjin-Hebei, and its scale
between different levels shifted from polarization to balance. RISU displayed a significant spatial agglomeration
with the combined influence of siphon and spillover effects in Beijing and Tianjin, and its spatial scope expanded
to the periphery with Beijing as the centre. The findings further revealed that RISU was developed under the
comprehensive influence of population, economy, social public service and space. To realize the healthy and
benign development of urbanization, the government should vigorously promote the RISU of small towns on the
basis of resource environmental bearing capacity and the land construction foundation. Meanwhile, urban-rural

construction land and the allocation of public service resources should also be arranged.

1. Introduction

Since the 1990s, urbanization, as the most significant power to in-
fluence global landscape dynamics (Deng, Wang, Hong, & Qi, 2009),
has become a worldwide socioeconomic phenomenon and an important
scientific research field (Jiang, Ma, Qu, Zhang, & Zhou, 2016; Lu,
2007). It aroused fundamental changes in the socioeconomic structure
and mode of life (Hersperger, Franscini, & Kiibler, 2014), as well as the
dynamic change of space entities such as urban space propulsion
(Antrop, 2004; Chen, 2008; Hersperger et al., 2014; Lv, Zhou, Zhang, &
Tian, 2008; Shen, Zhu, & Lei, 2015). There are multidimensional con-
cepts for urbanization, i.e., population urbanization, economic urba-
nization, social urbanization and land urbanization (Deng, Huang,
Rozelle, & Uchida, 2008; Li, Liao, Wang, & Shi, 2015). Among of these,
the essence of land urbanization is a transformation of land use func-
tion, and the implementation of industrial restructuring, population

migration and infrastructure construction all require the reconfigura-
tion of land use (Shen et al., 2015).

There are many paths of land urbanization, the dominant of which is
“aggressive” expansionary urbanization (Hersperger et al., 2014), which is
caused by the migration of rural labour to large cities (Xing & Zhang,
2017; Yu, Yong, & Choi, 2017) and belongs to the category of migration
urbanization (Liu, Li, & Peng, 2015; Siciliano, 2012). Although this path
promotes the economic development of a city rapidly (Chen, 2015; Fan &
Liu, 2014), it also produces a lot of negative effects such as the disorder
urban land sprawl (Wang, Mao, Li, & Jia, 2013; Xiao et al., 2006) and
extensive land-use pattern (Brueckner & Largey, 2006; Jiang, Ma, Zhou,
Zhao, & Zhang, 2017). The urban land sprawl has occupied a variety of
land use types, such as cultivated land, forest land and swamp, thereby
threatening the regional food and ecological security (Deng, Huang,
Rozelle, Zhang, & Li, 2015; Lépez, Aide, & Thomlinson, 2001; Pribadi &
Pauleit, 2015; Jiang, Zhang, et al., 2017). Consequently, this path can be
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characterized as a kind of unhealthy urbanization (Zhu, 2000a), and its
constant implementation will result in the excessive consumption of re-
sources and the increase in environmental costs and even destroy the
urban sustainable development (Chen, 2007; Deng et al., 2015; Fan & Liu,
2014; Jia & Yun, 2015; Wu & Anthony, 1999).

Some developed countries, such as Germany and American, have
generally viewed rural in situ urbanization (RISU) as an important path
to promote the development of urbanization. In contrast, due to poor
economic foundations, most developing countries have shown little in-
terest in this path (Jiao, 2015; Lopez et al., 2001). Based on the original
space of rural settlement areas, RISU mainly relies on central villages or
small towns to realize the local land and population urbanization (Hu &
Wen, 2015). The transformation of rural settlements to urban built-up
land can effectively reduce the demand of urban land sprawl,deduce the
excessive waste of ecological resources,and promote the optimal utili-
zation of land resources (Jiang, He, Qu, Zhang, & Yuan, 2016; Ma, 2011).
In addition, some serious problems such as “rural hollowing” and “city
diseases” caused by urban land sprawl could also be effectively avoided
(He et al., 2011; Sun, 2015). Currently, there is a large scale of rural
settlements in China, but its land-use efficiency is extremely low, which
provides a great potential for urbanization in rural areas. Therefore, RISU
can be seen as an important tool for controlling the urban sprawl, and as
a new form of urbanization, it can promote sustainable development of
local resources and the environment (Guo & Zou, 2015; Hu & Wen, 2015;
Jiang, Wang, Yun, & Zhang, 2015).

China is the largest developing country in the world, but its urba-
nization rate was only 56.1% in 2015 (Bureau C.S., 2016). Under the
urban-rural dual structure (Xu, Shi, & Huang, 2014; Zhang, 2011), the
economic structure, household registration system, infrastructure con-
struction, and resource allocation between urban and rural areas are
poorly coordinated (Lu, 2009; Wu, Chen, Gu, & Zhang, 1997). As a path
of urbanization dominated by the government, RISU can promote the
tilt of public finance towards rural areas and promote the level of rural
infrastructure and public service to meet urban standards. It can also
promote the transformation and upgrading of rural industries as well as
the balanced allocation of urban and rural public resources (Guo & Zou,
2015; Hu & Wen, 2015; Huang, Yang, & Qian, 2015). Thus, RISU can
contribute to breaking the urban-rural dual structure and promoting the
coordinated development of urban and rural areas in China.

As the “Capital City Group” of China (Hu & Kaplan, 2001), Beijing-
Tianjin-Hebei metropolitan area has a high urbanization rate as 62.51%
(Bureau C.S., 2016). Its urbanization policies have played an important
role in guiding the practice of urbanization in China. However, the
population and industries of Beijing and Tianjin are over-concentrated
in the process of urban development, which have leaded to some ser-
ious problems like city diseases (Ban, Gamba, Gong, & Du, 2013; Jia &
Yun, 2015) and the disequilibrium between urban and rural areas (Wu,
Zhao, Zhu, & Jiang, 2015; Yue, Zhong, Qing, & Bao, 2016). At present,
under the policies of “easing of non-capital function” (Yu & Zang,
2015), “building a new socialist countryside” and “link between rural-
urban built-up lands” (Ahlers & Gunter, 2013; Qu, Jiang, Zhang, &
Zhao, 2013), the RISU in Beijing-Tianjin-Hebei has acquired a good
basis of development, which can help to contribute to the “Beijing-
Tianjin-Hebei regional integration” (Chang, 2014; Chen & Li, 2009) and
solve above problems in cities. This situation of Beijing-Tianjin-Hebei is
very typical and representative for conducting research of RISU, which
has important academic significance and can provide a reference for the
urbanization development in other areas of the world.

Current studies mainly focus on the urbanization of large cities
(Brockerhoff, 1996; Murzin, 2014; Zhu, 2004), in particular the migration
urbanization (Bhagat & Mohanty, 2009; Cerrutti & Bertoncello, 2003), but
studies on RISU in medium-sized cities, small cities, towns and villages are
seriously inadequate. This paper studies RISU from the perspective of land
use, aiming to explore two questions: 1) What is the spatial pattern of RISU
in Beijing-Tianjin-Hebei and its difference with the pattern of traditional
urbanization? 2) What is the driving force of RISU and its difference with
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the driving force of traditional urbanization? Through this study, we try to
enrich the research system of RISU and provide a theoretical reference and
policy suggestions for the implementation of urbanization.

Therefore, this paper takes Beijing-Tianjin-Hebei as a case study and
the investigation data of land use change of the period from 2003 through
2015 as the data basis. We attempt to construct a rural in situ urbanization
index (RISUI) through the elaboration of the annotation of RISU and
further analyse the spatio-temporal evolution of RISU. Finally, the driving
mechanism of RISU is analysed in depth using the Geodetector method.

The rest of this paper is organized as follows. Section 2 provides a
literature review and theoretical framework. Section 3 introduces the
study area, data sources and research methods. Section 4 measures the
spatio-temporal pattern of RISU and analyses its driving mechanism.
Section 5 draws conclusions and discusses the phenomena involves in
the process of urbanization and the potential theoretical contributions
as well as suggests an appropriate urbanization direction.

2. Literature review and theoretical framework
2.1. Literature review

2.1.1. Urbanization

Urbanization is an international phenomenon (Njoh, 2003). It is
generally believed that since the British Industrial Revolution, many
countries in the world have begun to shift from a traditional agri-
cultural-based rural society to a modern urban society based on in-
dustries and services (He, 2009). Urbanization is a natural historical
process of the evolution of human society, which follows a common law
but shows different characteristics at different times and in different
countries (Zhai, 2015). Since the 1950s, urbanization has gradually
become the focus of planning scholars and economic geographers. At
present, the global urbanization and urban system are undergoing an
important transformation and reconstruction, and the urbanization in
developed countries has almost entered the mature stage, while the
focus of urbanization has begun to shift to developing countries (Chen,
2015). In Asia and Latin America, some countries and regions have
experienced excessive urbanization, and the unique path of China's
urbanization road has, in particular, caused extensive concern in the
international academic community (Chen, 2015).

Current studies of urbanization cover a wide range of topics and
analyse the concept from multiple angles, including the connotation
(Chan & Hu, 2003; Njoh, 2003; Osborne, 2005; Zhang, 2008), type and
evolution process of urbanization (Cohen, 2006; Gu & Wu, 2010;
Tisdale, 1942; Woods, 2003) as well as the spatio-temporal character-
istics, driving mechanisms (Renaud, 1981; Wu, Jenerette, Buyantuyev,
& Redman, 2011; Zhu, 2000a), and implementation paths of urbani-
zation. With the blending and infiltration of different disciplines, the
interdisciplinary research of urbanization gradually becomes prevalent,
and urbanization research has gradually been combined with economic
development (Chen, Zhang, Liu, & Zhang, 2014; Li & Cheng, 2005),
social change (Goryakin, Rocco, & Suhrcke, 2017; Wang, Hui, & Sun,
2017), ecological environment (Peng, Shen, Wu, Liu, & Wang, 2016),
soil and water resources (Feng, Chen, Hayat, Alsaedi, & Ahmad, 2015)
and other fields, and further has become a new research hotspot.

To explore the regional differences and driving mechanism of ur-
banization and rationally control the development of urbanization, a
large number of scholars have conducted studies of spatial patterns and
driving factors of urbanization (Bhagat & Mohanty, 2009; Buyantuyev,
Wu, & Gries, 2010; Renaud, 1981; Tatem & Hay, 2004; Wu et al., 2011).
Scholars generally believe that the common characteristic of urbani-
zation in different areas is that it mainly occurs in the urban hinterland
and fringe, and the unbalanced polarization between urban and rural
areas is obvious (Hasse & Lathrop, 2003; Ji, Ma, Twibell, & Underhill,
2006). Studies on the driving mechanism of urbanization mainly in-
volve factors such as physical geography, population, industry, policy
and society (Brueckner, 2000; Gu & Liu, 2013; Li, Wang, Zhu, & Zhao,
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2014). Scholars believe that population and industry are the most im-
portant factors that drive the development of urbanization (Brueckner,
2000). Population is the core of urbanization, the migration and ag-
glomeration of population are the decisive factors of urban sprawl, and
the agglomeration of industries is the basis of urbanization (Cao, Zhang,
Pan, & Zhang, 2012; Li, Liao, Yang, Zhuang, & Shi, 2015). All these
studies can provide an important reference and contrast for the study of
RISU.

2.1.2. Rural in situ urbanization

The academic community has conducted a wide range of discussions
about how to achieve urbanization, among of them, migration urbani-
zation and RISU have attracted more attention. Scholars generally be-
lieve that migration urbanization is mainly characterized by the large-
scale cross-regional flow of population to achieve the transfer of the
space of production and life where peasants migrate towards towns
(Goodall, 2004; Lucas, 1998). At present, many developing countries,
such as China, India and countries in Africa and Latin America, generally
adopt this path of urbanization, which was common in developed
countries such as the United States, Britain and Japan in the last century
(Bhagat & Mohanty, 2009; Cerrutti & Bertoncello, 2003; Chen & Hao,
2005; Khan, 1982; Mears, 1997; Zhang & Song, 2003). Although the path
can produce an obvious aggregation effect and significantly promote the
development of urbanization, without effective regulation from the
government, the phenomenon of excessive urbanization along with ser-
ious city diseases can easily worsen in the process of urbanization.

In contrast, some scholars advocate the path of RISU, which focuses
on the development of small towns and is a process for peasants to
achieve the non-agricultural employment and citizenization based on
the space of their original village centers and small towns (He, 2009;
Zhou & Wang, 2015; Zhu, 2004). Nevertheless, in view of the socio-
economic comparative advantage and the cost of urbanization, planners
have paid less attention to RISU, which has limited its development
(Zhu, 2000b). In fact, RISU, as an important path and direction of new
urbanization, can absorb a large number of surplus labour forces in
rural areas, promote the development of societal and economic un-
dertakings, and narrow the gap between urban and rural areas to ef-
fectively alleviate the problem of excessive urbanization (Cai, Zhang, &
Wu, 2015; Guo & Zou, 2015). The rural urbanization in South Korea
and the path of urbanization in German Bavaria are both examples of
RISU (Chen, 2015).

The current research on RISU mainly involves its theory and concept
(Huang et al., 2015; Zhao & Cui, 2013; Zhou & Wang, 2015; Zhu, 2005),
the factors that influence peasants to choose that approach (Xu & Zhang,
2016; Zhao, 2016), and how it is realized (Cui & Zhao, 2013; Li, Zhang, &
Chen, 2016; Xuan, 2016; Zeng, 2015). Some studies present in-depth
discussions of the differences in the connotation and the advantages and
disadvantages between migration urbanization and RISU (Hu & Li, 2014;
Zhong, 2013). In addition, some scholars have conducted field in-
vestigations of towns to present the implementation experience of ur-
banization in practice (Getis & Ord, 1992; Hu, Liao, & Liu, 2014; Liu,
2014; Shao & Zhu, 2007; Zheng, 2014). However, studies on the spatial
pattern and driving mechanism of RISU are relatively lacking. In addi-
tion, current studies mostly take population and industry as the research
perspective; a quantitative study on RISU from the perspective of land is
still lacking. The land is the spatial canvas of all the urban activities.
Conducting studies on urbanization from the perspective of land use is an
important combination of studies of rural land use and urbanization. It
can reflect the spatial scope and direction of urban sprawl to provide a
reference for the spatial development of urbanization.

2.2. Theoretical framework
Because studies on the spatial patterns and driving mechanisms of

RISU are relatively lacking, this paper chooses Beijing-Tianjin-Hebei as
a case area and conducts research on RISU from the perspective of land
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use. This paper mainly explores two questions: 1) What is the spatial
pattern of RISU in Beijing-Tianjin-Hebei and its difference with the
pattern of traditional urbanization? 2) What is the driving force of RISU
and its difference with the driving force of traditional urbanization?
The purpose is to explore whether the spatial pattern and driving me-
chanism of RISU is consistent with that of traditional urbanization.
Therefore, to construct the theoretical framework of a study on RISU,
this study takes urbanization as the point of penetration, introduces
RISU with the connotation and the path of urbanization, and constructs
the driving mechanism of RISU from four aspects: population, public
service, economy and space. Urbanization is a comprehensive problem,
which involves a range of connotations such as population urbaniza-
tion, economic urbanization, societal urbanization and land urbaniza-
tion (Cao et al., 2012; Li et al., 2015; Yang, Liu, & Long, 2015). Actu-
ally, population is the core of urbanization, and the essence of
population urbanization is the transforming process from rural re-
sidents to urban residents, which can be expressed by the proportion of
urban residents (Cao et al., 2012). Economic urbanization is the basis
and guarantee of urbanization; it can be characterized by the degree of
agglomeration, the rationality of structure and the sustainability of non-
agricultural industrial elements within urban space (Li et al., 2015).
Social urbanization refers to the improvement of the social welfare level
in housing, education, medical care and social security after the citi-
zenization of the non-agricultural population (Hu, 2014; Ye, 2001).
Land is the carrier of spatial development of urbanization, and land
urbanization refers to the transforming process from other land types
towards urban built-up land in the process of urban spatial sprawl (Li
et al., 2015; Yang et al., 2015). Viewed from the realization of urba-
nization, there are two paths path of urbanization: migration urbani-
zation and RISU, and their difference mainly lies in whether there is a
large-scale migration of population (Cerrutti & Bertoncello, 2003; Chan,
1994) (Fig. 1).

Conducting research on RISU from the perspective of land use can
be seen as an important combination of the connotation of land urba-
nization and the path of RISU. RISU is a type of transformation process
of land use from the perspective of land use, and various factors such as
economy, population, public service and space can influence its de-
velopment and produce changes (Li, Wen, & Lin, 2012; Zhang & Kong,
2014). The geographic space, as a bearer of cities, reflects the devel-
opment of the urban space, and in particular, the urban land space is an
important limiting factor that affects the development of cities. The
foundation of geographic construction, such as urban built-up land and
traffic land, mainly affects the scale, spatial sprawl direction and dis-
tribution of RISU (Alphan, 2003; Jenerette and Potere, 2010). Popula-
tion urbanization is not only the intuitive performance of urbanization
but also the core of urbanization, and human socio-economic activities
play a major guiding role in RISU (Li et al., 2015). The migration and
settling of population require the corresponding space to support them,
so population plays an important role in guiding the spatial develop-
ment of urban land. Meanwhile, as a major participant of economic
activities, the labour force can significantly promote the development
of the economy of urban areas (Li, 1997). The development of the
economy, as the most fundamental reason for urbanization, is the basis
for all social and economic activities; it supports and guarantees the
development of RISU (Maruapula et al., 2011). The difference of eco-
nomic level between urban and rural areas is the most important factor
to influence the migration of population, and the economy mainly
guides the development of urban land space through changing the di-
rection of the migration of population. In addition, the improvement of
the economic level can significantly improve the level of social public
service such as education and medical care (Ran, Zhang, & Zhang,
2009). Social public service, the soft infrastructure of urbanization, is
closely related to the lives of urban residents (Ran, 2013; Xue, Wu,
Wang, & Lin, 2016). In fact, peasants who are the direct participants
and beneficiaries of urbanization play an important role in the devel-
opment of RISU (Xu & Zhang, 2016). Social public service mainly
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guides the development of urban land space by attracting the popula-
tion.

3. Methodology and data
3.1. Study area

The Beijing-Tianjin-Hebei region is the centre of the Bohai
Economic Rim and the third major economic growth hub in China. This
region includes Beijing and Tianjin, two municipalities directly under
the central government, and 11 prefecture-level cities, such as Baoding,
Shijiazhuang, Zhangjiakou, Tangshan, Langfang, Qinhuangdao,
Chengde, Cangzhou, Handan, Xingtai, and Hengshui in Hebei province.
The terrain of Beijing-Tianjin-Hebei is complex and varied, with the
Yanshan mountain range to the north and the Taihang mountain range
occupying the west from north to south. The terrain characteristics of
Beijing-Tianjin-Hebei are high in the northwest and low in the south-
east, and the mountainous area covers a total of 61 counties (Fig. 2).

Since the beginning of the new century, urban built-up land in
Beijing-Tianjin-Hebei has continued to expand; the scale of rural set-
tlements has not decreased. The area of urban and rural land was
2,435,000 ha in 2015; however, rural settlements accounted for as
much as 60.82%. In the future, the urban and rural land use dynamic in
Beijing-Tianjin-Hebei will dramatically change to form a world-class
city metropolitan area, with the capital Beijing as the core. However, as
a result of land resource and environmental bearing capacity, future
urbanization in Beijing-Tianjin-Hebei should emphasize the
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implementation of RISU and gradually transform the traditional “ag-
gressive” development mode towards a new healthy development path
of urbanization.

3.2. Data sources

The land use classification system adopted in this study is the
China's National Standard Current Land Use Classification (GB/T
21010-2007) (Wang, Yang, Lee, Ji, & You, 2016; Wen & Wu, 2010). It
classifies all land in China and gives every land type a definitive con-
notation. Under the classification, urban built-up land is defined as the
settlement of city and town, including many types of land such as
commercial, residential, industrial, storage, school, transportation and
green land. Rural settlements also include many types of land such as
commercial, residential, industrial, storage, school, transportation and
green land (Chen & Zhou, 2007; Hu, 2013).

The land use data and changes are mainly drawn from the in-
vestigation data of land use change in Beijing-Tianjin-Hebei from 2003
to 2015. The relevant economic indicators are mainly derived from the
statistical yearbooks of Beijing, Tianjin and Hebei. All land and eco-
nomic data are provided by the Bureau of Land and Resources in
Beijing, Tianjin and Hebei.

According to the Chinese current land use classification, based on the
digital orthophoto map, the acquisition of the investigation data of land
use change is conducted by the Bureau of Land and Resources (Wang
et al., 2015; Wu, Fan, Li, & Kuang, 2013). Its scale is 1:10,000. The
purpose of the investigation of land change is to acquire the change of
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Fig. 2. The geographical location of Beijing-Tianjin-Hebei.

the status of land use, land ownership, and other land management in-
formation during the year and then update the land investigation data-
base and summarize all information of land change (Guo & Li, 2009).

This study took the county-level administrative units as the basic
research units, based on the administrative divisions in 2015, and
merged the research units that had been adjusted for the administrative
divisions during the period from 2003 to 2015. Eventually, 173 re-
search units were obtained. There only exists the merger of adminis-
trative units, so the statistical yearbook data of the merger are obtained
through the summation and other computation of the statistical year-
book data of the original administrative units according to the unit of
data.

3.3. Research methods

First, this paper expounds upon the meaning of RISU, and a RISUI
for the purpose of the study is subsequently presented. We studied the
temporal evolutionary characteristics of RISU in the Beijing-Tianjin-
Hebei region and county, and we performed our spatial pattern char-
acteristic analysis using the spatial autocorrelation method. We dis-
cussed the driving mechanism of RISU from the perspective of popu-
lation, economy, social public service and space. The study provides a
scientific theoretical basis for the healthy and rational development of
urbanization in Beijing-Tianjin-Hebei.

3.3.1. Rural in situ urbanization index

RISU has different meanings from different perspectives. In terms of
land use, RISU represents a transformation process of land use type. It
indicates that rural settlements transfer into urban built-up land within
the original rural settlements area as the spatial basis for construction.
A land transfer matrix can provide abundant information about the
structure and the direction of land use type transformation of a region.
This study analysed the transfer source of urban built-up land in
Beijing-Tianjin-Hebei using a land transfer matrix, and we used the area
of rural settlements that were transferred into urban built-up land to
represent the scale of RISU. Based on the above, we constructed the
RISUI to indicate the level of the development of RISU in the study area.
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RISUI = ————
S+ Si+..4S,

(€8]

Formula (1) shows how to calculate the RISUI. S is the area of rural
settlements that transferred into urban built-up land, and S,, is the area
of the n-th land use type that transferred into urban built-up land. The
value of RISUI is 0-1; the larger the value, the higher the level of RISU.
When the value of RISUI is 1, all urban built-up land is derived from
rural settlements in the study area during the study period. However, if
the value of RISUI is 0, the source of urban built-up land excludes rural
settlements.

3.3.2. Spatial autocorrelation

In this paper, the spatial autocorrelation method is used to analyse
the spatial pattern of urbanization in the rural areas of Beijing-Tianjin-
Hebei, and the spatial weight matrix is established based on the
common side or common point of each study unit with the Queen
contiguity adjacency standard. Spatial autocorrelation, which includes
global autocorrelation and local autocorrelation, can measure the de-
gree of interdependence between attributes at a location and attributes
at other locations. The measure of spatial autocorrelation is im-
plemented by OpenGeoDal.2.0. First, we used the global spatial auto-
correlation statistics—Global Moran's I—to describe the overall dis-
tribution of RISU and determine whether the distribution of RISU had
spatial agglomeration (Anselin, 1995).

Global Moran's I formula is as shown in formula (2).

X Xy wyi = X)0g — X)

N Z?:l Z?:lwij X Z?=1 (xi - -)?)2 (2)

where n is the number of research units indexed by i and j; x is the
variable of interest; X is the mean of x; x;, X; are the scale of RISU in the
research unit i, j; and wy is an element of the binary spatial weight
matrix, which is created through the Queen contiguity adjacency
standard based on the common edges or the common point of the re-
search units; the value of I ranges from — 1 to 1. When the value of I is
positive, the observed value of these research units appears as a spatial
positive correlation; when I is negative, the observation value of these

I
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research units appears as a spatial negative correlation; I is 0 indicates
that the observed value does not have spatial autocorrelation. A higher
absolute value of I denotes a stronger degree of spatial autocorrelation.
The normalized statistic Z can be used to characterize the significance
of spatial autocorrelation (Jiang, He, Ma, Wang, & Zhang, 2015). The
formula is as shown in formula (3).

_1-E®D
JVAR(I) 3

where E(D) is the expected value of I, and VAR(D) is the variance of L.
Under the confidence level of 0.05, | Z | = 1.96, and if | Z | > 1.96,
then the spatial autocorrelation in this region is significant; under the
confidence level of 0.01, | Z | = 2.58, if | Z | > 2.58, then the spatial
autocorrelation in the region is significant.

We further explored the spatial location of the agglomeration centre
by using the local spatial autocorrelation method, and we used the
agglomeration map of local indicators of spatial association (LISA) to
reveal the main agglomeration units of RISU. Based on the results of the
significance test, all the research units can be divided into high-high
agglomeration, low-low aggregation, high-low aggregation, low-high
aggregation and no significant agglomeration—five types according to
different types of agglomeration degree High-high agglomeration
means the region is the centre of high value and is surrounded by high-
value areas. Low-low aggregation means the region is the centre of low
value and is surrounded by low-value areas. High-low aggregation
means the region is the centre of high value and is surrounded by low-
value areas. Low-high aggregation means the region is the centre of low
value and is surrounded by high-value areas. No significant agglom-
eration means the agglomeration in these areas is not significant
(Epperson & Li, 1996; Jiang, He, et al., 2015).

3.3.3. Geographical detector

3.3.3.1. Calculation formula. A geographic detector is a group of
statistical methods, which were developed by the Wang Jinfeng space
analysis team at the Institute of Geographic Sciences and Resources,
Chinese Academy of Sciences (Wang, Xi, Yang, & Chen, 2012). This
method can be used to detect the spatial variability of objects in
geographic space and reveal the driving factors that cause this spatial
variation and the interaction between any two factors. The geographic
detector can be implemented by GeoDetector Software, which is
available at http://www.geodetector.org/ (Wang & Xu, 2017). This
study investigated the influencing factors of RISU in the Beijing-Tianjin-
Hebei region using the geographical detector method. The influence
degree of each factor on the RISU can be measured by Pp, ;. The formula
is as follows.

1 L
PD,H =1- —2 Z VlhO'hz
no h=1

4

where Pp, i is the explanatory force of the influence factor D on RISU H;

Table 1
Indicators for analysing the driving factors of RISU.
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n and o are the sample size and variance; and nj and of are the sample
size and variance of the h (h = 1,2, ..., L) layer. The value of Ppy
ranges from O to 1; the larger the value, the stronger the explanatory
power of the influencing factors to RISU; otherwise, the weaker. The
value of 0 shows that the influence factor has nothing to do with the
RISU, while the value of 1 indicates that the influence factor has
complete control over the spatial distribution of the RISU.

The geographic detector contains four parts, which are risk detec-
tion (t-test), factor detection (F-test), ecological detection (F-test), and
interactive detection. Risk detection is mainly used to explore whether
there are differences in the RISU between different research units.
Factor detection is used to identify the factors that contribute to the
space variation of the RISU. Ecological detection can compare whether
there are significant differences in the impact of different influence
factors on the RISU. Interactive detection can identify the interaction
between different factors; namely, it assesses whether any two factors
that work together on the RISU will increase or decrease the ex-
planatory force compared with the dependent factor or whether the
impacts of these factors on the RISU are independent of each other
(Wang & Xu, 2017).

3.3.3.2. Indicator selection. Based on the above theoretical elaboration
in Section 2.2 and the actual situation of the Beijing-Tianjin-Hebei
region, this paper chooses the total GDP (X;) and the proportion of
secondary and tertiary industries (Xp) to represent the regional
economic factors. We take the total population (X3) and the
population urbanization rate (X4) as population influence factors, and
we select the per capita investment in fixed assets (Xs), the number of
students in primary and secondary schools (X¢), and the number of
health care beds (X;) to represent regional social public service factors.
In addition, the regional spatial accessibility (Xg), the scale of urban
land (Xy), and urban construction level (X;o) stand for the space
influencing factors in the research unit. The data algorithm of the
geographical detector for categorical data is superior to that of
continuous data. In this paper, the Jenks natural breaks classification
method is used to discretize the attribute of each influencing factor, and
the scale of RISU is the dependent variable. The detection results of the
geophysical detectors show that when the attribute values of X 1, X5, X4,
Xg, Xg are divided into 8 categories, the attribute value of X, is divided
into 7 categories, the attribute values of X3, X5, X are divided into 6
categories, the attribute value of X, is divided into 5 categories, and
the statistical difference of the value of the corresponding factors were
the most significant. In addition, because all the land types of the
Dongcheng District, Xicheng District, and Tianjin municipal district are
urban built-up land, these areas do not have the phenomenon of RISU.
Because it was affected by the government's decision-making, the scale
of RISU in Langfang municipal district in 2009 is much higher than that
of the other regions in Beijing-Tianjin-Hebei. To avoid the adverse
impact of extreme results, these four regions were removed from the
geographical detector analysis (See Table. 1).

Type Symbol  Indicator

Description

Economy X, Gross Domestic Product (GDP)

An important indicator to measure the overall economic situation of a region.

X5 Proportion of secondary and tertiary industries The proportional relationship to indicate the industrial structure of a region.
Population X3 Total population The total number of people of a given geographical area.
X4 Population urbanization rate The percentage of the urban resident population divided by total resident population of a
region.
Public service X5 Per capita investment in fixed assets The percentage of the total population divided by the total investment in fixed assets of a
region.
Xe Number of students in primary and secondary schools  An indicator to indicate the level of education of a region.
X, Number of health care beds An indicator to indicate the medical level of a region.
Space Xg Regional spatial accessibility The indicator to indicate the convenience of urban transportation in space linkages.
Xo Scale of urban land The total area of all urban built-up land of a region.
X10 Urban construction level The ratio of the area of urban built-up land to the area of urban and rural construction land.
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4. Results and analysis
4.1. The temporal pattern of rural in situ urbanization

Viewed from the perspective of land use, the development of ur-
banization actually embodies the transformation process of other land
use types for urban built-up land. In addition, the transfer from rural
settlements to urban built-up land reflects the process of RISU from the
perspective of land space bearing.

4.1.1. The overall change characteristics of rural in situ urbanization

During the study period, the total scale of RISU is 15,156.3 ha,
which accounts for approximately 10% of all sources of urban built-up
land, which is much lower than the proportion of 64.81% of agri-
cultural land, such as cultivated land and woodland, which is driven by
the low cost of occupation. From 2003 to 2015, the RISUI of Beijing-
Tianjin-Hebei is as low as 0.1136. There is a convergence between the
trend of the scale and index of RISU in each year (Fig. 3), and this trend
is characterized from low to high and then to low. The scale and index
of RISU in the period from 2007 through 2010 was significantly higher
than that in the periods from 2003 through 2006 and 2011 through
2015. The RISUI in 2008 was 0.44, which is the highest over these
years.

Early in the 21st century, the overall economic development level of
the Beijing-Tianjin-Hebei region was relatively low. As economic con-
struction at this time was more focused on the development of industry,
the real estate market was soft; thus, the impetus for RISU was in-
sufficient, and the form of RISU was mostly manifested as a passive
transformation of land types under urbanization. In 2005, the Fifth
Plenary Session of the 16th CPC Central Committee introduced a slogan
of “building a new socialist countryside” (Ahlers & Gunter, 2013) and
regarded it as a national task for building a thriving society in a com-
prehensive way (Hu, 2007). Therefore, the government vigorously
implemented new village and small-town construction so that the de-
gree of RISU improved steadily. However, the world financial crisis in
2008 caused the economic development of the Beijing-Tianjin-Hebei to
suffer a setback (Sun, 2010), and the scale of RISU was drastically re-
duced. To alleviate the impact of the economic crisis, the government
greatly increased investment in economic construction, which caused
the real estate market to be unprecedentedly heated. Driven by the
interest of real estate speculation, the construction of “houses with
limited property rights” gradually spread (Ou & Zhou, 2014), and the
scale of RISU increased substantially. However, under the current
system in China, “houses with limited property rights” were not illegal,
and after 2009, the Ministry of Land and Resources gradually halted
and cleaned up those houses. In the context of this policy, the scale of
RISU was greatly reduced. In recent years, driven by the policy of “link
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between rural-urban built-up lands” (Qu et al., 2013), the construction
of a new socialist countryside has been in full swing, and it has gra-
dually become an important form of RISU.

4.1.2. The level of change characteristics of rural in situ urbanization

On the county scale, we calculated the RISUI of all counties, and we
used the Jenks natural breaks classification method to divide the index
into the high, medium and low levels from high to low. We also de-
termined the scale of RISU and the number of counties between dif-
ferent levels in the periods from 2003 through 2006, 2007 through
2010, and 2011 through 2015. The results conclude that the degree of
RISU on the county scale is still at a low level, and the RISUI of most
counties is below 0.18. Viewed from the distribution of RISU degree
between different levels (Table. 2), the number distribution of counties
in the former two periods shows an approximate pyramid-shape char-
acteristic, and the counties that do not have RISU obviously have de-
creased in the third period. With the advance of time, the phenomenon
of RISU in Beijing-Tianjin-Hebei is becoming more common; however,
the degree of RISU remains to be improved.

Before 2010, a large number of people in the Beijing-Tianjin-Hebei
region flocked to the central cities of Beijing and Tianjin, and with
limiting policies (Lian, Li, Gong, Wang, & Sun, 2010), the inclination of
rural development tended to be weak; thus, the development of RISU
was slow and extremely polarized. The difference of RISU's scale be-
tween different levels was highly evident. > 60% of the counties did
not experience the RISU phenomenon; however, approximately 85% of
the scale was concentrated in a small number of counties whose RISU
levels were high or medium (Table. 2). With the development of the
economy, most counties vigorously carried out the construction of in-
frastructure; thus, the conditions of RISU gradually improved, and the
construction of a new socialist countryside was in full swing (Ahlers &
Gunter, 2013). Therefore, in the period from 2011 through 2015, the
number of counties with RISU was increased, but the scale was reduced,
and the distribution of the scale between the different levels gradually
became balanced. It can be concluded from the above results that al-
though the area was wider, the scope and degree of RISU in all the
counties were still relatively low.

4.2. The spatial pattern of rural in situ urbanization

The spatial difference of RISUI between 2003 and 2015 is shown in
Fig. 4. From the perspective of space, the degree of RISU for most of the
areas in Beijing-Tianjin-Hebei is generally low, and most of the RISUI
are between 0.00 and 0.18, while some counties do not exhibit the
phenomenon of RISU at all. The areas with a higher degree of RISU are
mainly distributed in Langfang, Hengshui and Qinhuangdao municipal
districts and their surrounding areas. The spatial autocorrelation

3000 0.5 Fig. 3. The change of the scale and index of RISU in Beijing-Tianjin-
Hebei.
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Table 2
Level change of rural in situ urbanization in Beijing-Tianjin-Hebei.
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Rural in situ urbanization level RISUIL 2003-2006 2007-2010 2011-2015

Number Scale/ha Number Scale/ha Number Scale/ha
High (0.50, 1.00] 7 1238.11 6 3843.49 4 629.81
Medium (0.18, 0.50] 8 1625.83 19 1649.78 11 1622.10
Low (0.00, 0.18] 28 479.16 36 971.47 118 3096.56
None 0 130 0 112 0 40 0
Grand total - 173 3343.1 173 6464.74 173 5348.47
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Fig. 4. Spatial difference of RISUI in Beijing-Tianjin-Hebei in 2003-2015.

method is used to analyse the spatial agglomeration characteristic of
RISU. The results show that the Global Moran's I index of the RISUI in
Beijing-Tianjin-Hebei is approximately 0.13 (P < 0.01), and the Z
value is 3.00, > 2.58, which indicates that the RISUI of Beijing-Tianjin-
Hebei displays significantly positive spatial agglomeration.

Fig. 5 shows the spatial differentiation and its evolution of RISUI in
Beijing-Tianjin-Hebei. We find that the space scope of RISU gradually
expands to the periphery from point to surface with Beijing as the core.
During the period from 2003 through 2006, RISU existed mainly in the
eastern and central regions of Beijing-Tianjin-Hebei, and its space scope
continued to expand in the period from 2007 through 2010; the phe-
nomenon of high-level RISU appeared in some areas in the southern
zone. From 2011 through 2015, RISU in Beijing-Tianjin-Hebei was
quite common.

Due to the difference in the natural background condition, eco-
nomic development and policy context among different regions, the
geographical difference of RISU is evident. In the period from 2003
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through 2006, the overall degree of RISU was low, and the counties
with a high degree of RISU were mainly distributed in Lixian, Wen'an
County, the Mentougou district and other central areas in Beijing-
Tianjin-Hebei. During this period, urban development paid more at-
tention to economic benefits and less attention to resources and en-
vironmental benefits, and when urban sprawl overly relies on the oc-
cupation of farmland and other agricultural lands, land urbanization
shows a non-healthy state. Physiographic conditions are the basis for
the formation and development of towns. Due to terrain space con-
straints, investment costs, and engineering construction difficulties, the
RISU in the period from 2007 through 2010 existed mainly in the
eastern plains and less in the western and northern mountainous areas.
The areas with a high degree of RISU were mainly located in the
Langfang municipal district, Bazhou city and Gu'an county. In the
period from 2011 through 2015, the scope of RISU continued to ex-
pand, and at the same time, regional differences gradually decreased.
However, the overall scale of RISU is small, and the degree in most
counties are still generally low; these areas remain to be further de-
veloped for RISU in the future.

From the perspective of agglomeration type, the high-high type is
mainly distributed in Langfang municipal city and Gu'an county, and
the high-low type is in Xingtai County (Fig. 6). The terrain of these
areas is mainly plains, where the physical and geographical conditions
of urbanization development are superior. Langfang and its sur-
rounding areas are located in the throat of Beijing and Tianjin, whose
main zoning functions are as an optimized development zone and key
development zone. Urbanization construction develops rapidly under
the comprehensive influence of policy advantages and the economic
spillover effect of Beijing and Tianjin (Zhang, Zheng, Song, & Zhong,
2016). In addition, the easing of Beijing's non-capital function has led to
the transformation and upgrading of industrial development, and the
settlement of Beijing-Daxing International Airport and Beijing-Tianjin-
Hebei International Logistics Trade City will bring new opportunities
for the development of urbanization in the region. Since 2009, Lang-
fang combined rural land consolidation with new residential con-
struction, took the link between rural-urban built-up lands as a starting
point, and vigorously carried out the renovation of squatter settlement
and the construction of villages and small towns, which greatly ac-
celerated the process of RISU.

The low-low agglomeration type is mainly distributed in the north
of Baoding, west of Zhangjiakou, north of Xingtai and the Chengde
municipal district (Fig. 6), which are mainly located in the Taihang
Mountain range and Yanshan Mountain range, where the main zoning
function is the key ecological functional area. The terrain is the fun-
damental factor that restricts RISU in these areas, which results in poor
infrastructure and a higher cost of urbanization construction. More
importantly, under the siphon effect of the large cities such as Beijing,
increased population and resource outflows, the demand for construc-
tion land in the region is relatively low. Combined with the urban
construction restrictions that are imposed by the ecological red line, the
degree of RISU is also relatively low. The low-high type is located in the
central plain of Beijing-Tianjin-Hebei, mainly due to the high degree of
urbanization around these areas.
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Table 3

4.3. The driving mechanism of rural in situ urbanization

After the discretization of the attribute value of RISU influence
factors, the risk detection, factor detection, ecological detection and
interactive detection analysis are conducted using the geographical
detector method to comprehensively reveal the driving mechanism of
RISU.

A risk detector can reveal significant differences in the impact of
different factors on RISU. The results show that all the influence factors
that we chose have a significant influence on RISU and passed the 0.01
level significance test. Different levels of factors indicate a significant
difference in the impact of RISU. A factor detector reveals the influence
of each factor on the degree of rural localized urbanization. The factor
detection result of RISU (Table. 3) shows that the Py of all the influ-
ence factors passed the significance test at a level of 0.01. Among all the
factors, the explanatory force of the total population (X3) and the
number of health care beds (X;) on RISU is relatively strong, and its
Pp 1 values are 0.444 and 0.407, respectively, which indicates that the
influence of population and education standards on RISU are more
important than those of other indicators.

The results of factor detection show that the explanatory power of
GDP and the proportion of secondary and tertiary industries to RISU are
0.380 and 0.316, respectively, which indicates that the economic scale
and structure have a significant influence on RISU: the better the eco-
nomic development condition, the larger the scale will be. Because of
the developed economy, excellent social public service and highly
concentrated population in Beijing, Tianjin and all the municipal dis-
tricts, investments in these areas in urbanization construction are high,
and the scale of RISU accounted for 66.4% of the total of Beijing-
Tianjin-Hebei. However, the average GDP of national poverty-stricken
counties, such as Haixing county and Shangyi county, is < 35 billion
yuan, and regional economic development seriously lags behind. The
process of urbanization is also relatively slow; therefore, the scale of
RISU is extremely low or even tends towards zero. Economic develop-
ment is the most fundamental reason for RISU and the basis for

Factor detection result of RISU. The ** indicates that the P,y passed the significance test at a level of 0.01.

Indicator X X X3 X4 Xs

X6 X7 Xg X9 Xio0

Ppu 0.380"* 0.316"* 0.444 0.345"

0.230"

0.253" 0.407* 0.256" 0.382* 0.319*
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promoting urban land sprawl; thus, it ensures the employment of the
population, which attracts and stabilizes the regional labour force.

The explanatory power of the total population and population ur-
banization rate on RISU are 0.444 and 0.345, respectively, which in-
dicates that population factors have a significant impact on RISU. The
scale and migration of population have a direct guiding effect on the
spatial sprawl of urbanization. In Beijing-Tianjin-Hebei, 76.1% of the
population is concentrated in the central and eastern plain area, where
the proportion of RISU is as high as 84.3%. The migration and ag-
glomeration of population is not only a characteristic but also an im-
portant driver of urbanization. The labour force is the basic element of
regional economic development, and its space location can bring a
strong demand for urban land, which will increase its scale and further
accelerate the process of RISU.

The explanatory power of the number of students in primary and
secondary schools and the number of health care beds are 0.253 and
0.407, respectively, which indicates that education and medical stan-
dards have a certain influence on RISU. Under the Chinese traditional
thought of “hope one's children will have a bright future” and the
background of fierce competition for talent, parents attach great im-
portance to their children ‘s education; thus, the education standards
are often the decisive factor of parents’ residence and employment
choices. Peasants, in particular the elderly, regard medical care, which
is an important social security issue, as an important consideration
when making the choice of RISU. Peasants are a micro-level subject of
RISU, and the level of social public service affects the development of
RISU by influencing peasants' urbanization willingness.

Spatial influence includes two aspects: spatial accessibility and land
space bearing, which mainly affects the spatial distribution and scale of
RISU. The relationship between towns and main external traffic arteries
directly affects the possibility and intensity of economic drivers from
external factors and determines the conditions of urban development.
Urban built-up land, as the spatial bearing of urbanization, reflects the
regional urbanization development level from the perspective of land.
Under the current situation, in which land resources are extremely
scarce, land urbanization exerts a momentous influence on promoting
the development of urbanization.

The results of ecological detection indicate that the differences of
the impact of most of the factors on RISU are not significant, and the
factors have a certain interaction among them. Then, we used the in-
teractive detector to analyse the interaction impact of the factors on
RISU. The results (Table. 4) show that the Pp of GDP (X;) and po-
pulation urbanization rate (X4) are the largest, reaching 0.678, which
indicates that population migration that is caused by an economic gap
is the most important factor that affects RISU. The Pp, i of the scale of
urban land (Xy) and the total population (X3), and the population ur-
banization rate (X4) are 0.632 and 0.639, respectively, only < 0.678,
which indicates that the urban land sprawl under the guidance of po-
pulation has an important influence on RISU. The Py, ; of the proportion
of secondary and tertiary industries (X) and the total population (X3) is
as high as 0.606, which indicates that population migration caused by

Table 4
Interactive detection result of RISU.
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the economic gap also has a great effect on RISU. The results of inter-
active detection also show that the interactive influence between any
two factors from population, economy, social public service and space
is greater than the influence of a single factor on RISU, and the influ-
ence after the interaction of any two factors is expressed as a nonlinear
enhancement. Economic development is the basis to achieve population
attraction and the improvement of social public service, and the im-
provement of social public service is an important condition to attract
population and its steady subsistence. Spatial factors mainly affect the
direction of population migration and economic development from the
perspective of geographical space and further influence RISU. In con-
clusion, the RISU in Beijing-Tianjin-Hebei gradually develops under the
comprehensive influence of various factors such as population,
economy, social public service and space.

5. Discussion and conclusion

Current studies mostly discuss the urbanization of large cities while
ignoring the phenomenon of RISU in medium-sized cities, small cities,
towns and villages (Brockerhoff, 1996; Murzin, 2014; Zhu, 2004). RISU
is a new type of urbanization that plays a crucial role in the healthy
development of urbanization. Study on the spatial pattern and driving
mechanism of RISU can enrich the research system of RISU and provide
a theoretical reference and policy suggestions for the implementation of
urbanization. This paper studied RISU from the perspective of land use,
explored its spatial pattern by the method of spatial autocorrelation,
and discussed its driving mechanism by geographical detectors. The
results answered the questions about the spatial pattern and driving
mechanism of RISU and their differences with those of traditional ur-
banization. The conclusion and discussion are as follows.

In general, the overall RISUI of Beijing-Tianjin-Hebei in the period
from 2003 through 2015 was relatively low, and the scale and index of
RISU showed a trend of fluctuation from low to high and then to low.
Although RISU on the county scale was conducted universally, the
process was slow and mainly affected by socio-economics and policy,
and the scale and degree of RISU needed to be further improved. The
slow progress of RISU contributed to the deluge of migration urbani-
zation to some extent, which further caused “city diseases” in large
cities (Xing & Zhang, 2017; Yu et al., 2017), such as population ex-
plosion, traffic congestion, housing shortages, environmental dete-
rioration, and resource shortages, with particularly serious and im-
pressive impacts in Beijing and Tianjin. Those problems, in turn, raised
much urgent demand for RISU. As an effective solution to the problem
of “city diseases,” the promotion of RISU is imperative.

Viewed from the perspective of space, the number distribution of
counties between different levels of RISU showed a characteristic pyr-
amid-shape, and the spatial scope of RISU expanded to the periphery
with Beijing as the centre. The high-high agglomeration type was
mainly distributed in the central areas of Beijing-Tianjin-Hebei, such as
the Langfang municipality district, while the low-low agglomeration
type was mainly located in the mountain areas of Baoding and

Indicator X, Xy X3 X4 Xs Xe X5 Xg Xo X0
X 0.380

Xo 0.581 0.316

X3 0.526 0.606 0.444

X4 0.678 0.502 0.626 0.345

Xs 0.543 0.404 0.575 0.512 0.230

Xe 0.568 0.590 0.535 0.543 0.454 0.253

X7 0.581 0.564 0.593 0.522 0.497 0.530 0.407

Xs 0.565 0.459 0.554 0.513 0.446 0.555 0.550 0.256

Xo 0.550 0.538 0.632 0.639 0.552 0.615 0.614 0.576 0.382

X0 0.594 0.381 0.601 0.497 0.359 0.571 0.587 0.446 0.502 0.319
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Zhangjiakou. Due to the obvious regional differences in physical geo-
graphy, policy and system, infrastructure among the central, western
and northern parts of Beijing-Tianjin-Hebei, and the combined influ-
ence of siphon and spillover effects in Beijing and Tianjin, there were
significant differences in the development of RISU between different
regions and different levels.

From the perspective of main function zoning, the central and
eastern areas of Beijing-Tianjin-Hebei were key development zones and
mainly optimized development zones that should emphasize the tran-
sition from scale expansion to quality improvement. Nevertheless, the
low degree of RISU made it difficult to form an urban development
pattern of high density, agglomeration and contiguity, which was not
conducive to the optimal utilization of urban land. Meanwhile, the
western and northern mountain areas are mainly zones of agricultural
production and key ecological function zones that require strict control
of urban sprawl and attached importance to the consolidation of rural
settlements. If RISU develops slowly, intensive urban development and
regional economic growth will be constrained. In the future, RISU
should be combined with main function zoning to guide reasonably
populated concentrated living areas and industrial agglomeration de-
velopment and thereby build a balanced, harmonious and sustainable
land space pattern.

The results of using a geographical detector to analyse the influ-
encing factors of RISU showed that RISU in Beijing-Tianjin-Hebei was
influenced by the comprehensive effect of population, economy, social
public service and space. In addition, the explanatory force of popula-
tion was the largest, and the force of urban space radiation capacity was
the smallest. Economy was the most fundamental reason for RISU, and
it was the basis for population migration and social public service im-
provement, while population migration directly guided the space
sprawl of urbanization. Due to the higher economic income and ex-
cellent social public service of the metropolises in Beijing-Tianjin-
Hebei, a large labour force accumulated there, which significantly im-
proved regional economic development. Meanwhile, under the policy
of “people linked to land planning,” these metropolises obtained more
urban land quotas, which in turn further accelerated the space sprawl of
RISU. In contrast, regarding the urban land quotas of areas where la-
bour forces outflows were comparatively small, economic development
was limited. These areas lacked the primary conditions to carry out
RISU as a result of the investment in the construction of social public
infrastructure. At present, Beijing-Tianjin-Hebei's metropolitan area
(Jia & Yun, 2015; Lian et al., 2010) does not form a reasonable city
hierarchy system, and the trend of polarization between cities is ser-
ious. Beijing and Tianjin are economic growth hubs, and their economic
“siphon effects” have caused the formation of a “poverty belt around
Beijing Tianjin.” At the same time, the economic radiation effects of
other large and medium cities on their surrounding areas are not strong;
thus, RISU has been difficult to promote on a massive scale.

There are obvious differences in the spatial pattern and driving
mechanism between RISU and traditional urbanization. The traditional
urbanization mainly occurs in urban hinterland and fringe and spreads
from the inside to the outside (Buyantuyev et al., 2010; Jiang, Ma,
et al., 2016) taking the urban area as the centre, but RISU mainly occurs
in the rural hinterland, and with the advance of time, its development
between different regions gradually becomes balanced. Considering the
driving mechanism, although the population and economy have an
important influence on the development of urbanization and RISU (Li
et al., 2015), there are differences in the initial driving force and the
transmission mechanism. Traditional urbanization takes the agglom-
eration of population as the basis to drive the development of the in-
dustry, and the urban infrastructure and public service facilities are
continuously improved in the process (Li & Long, 2014; Long, 2012).
On the basis of the rural transformation and development, RISU re-
quires the construction of infrastructure and the promotion of public
service capacity as the basic premise, to meet people's living standard
(Long, Li, & Zou, 2011). In addition, rural areas need to cultivate and
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strengthen advantageous industries and increase employment oppor-
tunities to attract the agglomeration of population as well as to improve
the development of the urbanization. Traditional urbanization pays
more attention on the role of the market mechanism (Kadi, 1988; Portes
& Roberts, 2005), but the process of RISU, particularly in its early stage,
requires the government's policy support and economic investment (Hu
et al., 2014; Hu & Wen, 2015). In fact, traditional urbanization and
RISU are not completely opposed, but they can complement and co-
ordinate each other to promote the healthy development of urbaniza-
tion. Based on the situation that economic demand is strong but re-
sources and environmental bearing is limited, Beijing-Tianjin-Hebei
should promote the coordination of all cities and small towns and take
the path of new urbanization that combines migration urbanization
with RISU.

China is a country with a large population and a great amount of
land, as well as a series of social problems, such as city diseases that are
caused by urban sprawl in different regions, and the situation is thus
more serious and complex; thus, the demand for RISU is much greater.
In the future, the government should emphasize the coordinated de-
velopment of urban and rural areas and adopt RISU as an indispensable
supplement of new urbanization to offer space for urban sprawl. The
implementation of the link between rural-urban built-up lands and
rural land consolidation should consider “land as the root of construc-
tion” and rely on the foundation of resources, environmental bearing
and land space construction to achieve the optimal utilization of land
resources. However, the development of RISU should “vary from place
to place” and combine with the main functional zoning to shape various
urban development strategies. Meanwhile, the driving mechanism of
RISU should be the basis for the reasonable regulation of its develop-
ment. In practice, the state should make economic development a key
issue and accelerate the formation of multi-level urban hierarchy sys-
tems to exert leading roles in central cities on RISU. Furthermore, po-
pulation migration can be used to guide a rational layout of towns, and
infrastructure and social public service, as the material basis of RISU,
should be improved as soon as possible. The state should provide some
system and policy guarantees to ensure the smooth operation of all
relevant aspects. Small towns, as important carriers of RISU, should
promote land circulation and the equalization of public service and
gradually decrease the threshold of peasants who are settled. It should
also establish a unified construction land market, household register
system and social security system between urban and rural areas to
ensure the effective promotion of RISU. Only in this way can we pro-
mote the healthy development of urbanization and the integration of
urban and rural areas and gradually realize the goal of the common
prosperity of the entire society.

Acknowledgements

We would like to acknowledge the funding of the National Natural
Science Foundation of China (Grant No. 41671519, 41301616,
41271535), Beijing Municipal Science and Technology Project (Grant
No. Z161100001116016).

References

Ahlers, A., & Gunter, S. (2013). Strategic modelling: Building a new socialist countryside
in three Chinese counties. China Quarterly, 216(216), 831-849.

Alphan, H. (2003). Land-use change and urbanization of Adana, turkey. Land Degradation
& Development, 14(6), 575-586.

Anselin, L. (1995). Local indicators of spatial association—LISA. Geographical Analysis,
27(2), 93-115.

Antrop, M. (2004). Landscape change and the urbanization process in Europe. Urban
Planning International, 67(4), 9-26.

Ban, Y., Gamba, P., Gong, P., & Du, P. (2013). Satellite monitoring of urbanization in
China for sustainable development: Preliminary results. Dragon 2 Final Symposium.
704.

Bhagat, R. B., & Mohanty, S. (2009). Emerging pattern of urbanization and the con-
tribution of migration in urban growth in India. Asian Population Studies, 5(1), 5-20.

Brockerhoff, M. (1996). The challenge of urbanization: The world's large cities. Population


http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0005
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0005
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0010
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0010
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0015
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0015
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0020
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0020
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0025
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0025
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0025
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0030
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0030
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0040

T. Zhou et al.

and Development Review, 22(3).

Brueckner, J. K. (2000). Urban sprawl: Diagnosis and remedies. International Regional
Science Review, 23(2), 160-171.

Brueckner, J. K., & Largey, A. G. (2006). Social interaction and urban sprawl. Social
Science Electronic Publishing, 64(1), 18-34.

Bureau, C. S. (2016). China statistical yearbook. China: China Statistics Press.

Buyantuyev, A., Wu, J., & Gries, C. (2010). Multiscale analysis of the urbanization pattern
of the phoenix metropolitan landscape of USA: Time, space and thematic resolution.
Landscape and Urban Planning, 94(3), 206-217.

Cai, Y., Zhang, Y., & Wu, H. (2015). SWOT analysis for in situ urbanization in the southeast
of Chonggqing. In proceedings of the 19th international symposium on advancement of
construction management and real estate (pp. 3—12)Berlin, Heidelberg: Springer.

Cao, W., Zhang, X., Pan, Y., & Zhang, C. (2012). Study on the coordinated development of
population, land and economic urbanization in developed areas. China's Population,
Resources and Environment, 22(2), 141-146.

Cerrutti, M., & Bertoncello, R. (2003). Urbanization and internal migration patterns in Latin
America. Argentina: Centro de Estudios de Poblacion1-24.

Chan, K. W. (1994). Urbanization and rural-urban migration in china since 1982: A new
baseline. Modern China, 20(3), 243-281.

Chan, K. W., & Hu, Y. (2003). Urbanization in china in the 1990s: New definition, dif-
ferent series, and revised trends. The China Review, 3(2), 49-71.

Chang, X. (2014). Hebei economic development countermeasures study under the back-
ground of Jingjinji integration. Conference on Informatization in Education,
Management and Business.

Chen, B., & Hao, S. (2005). The rapid development of the road Chinese city. Human
Geography, 20(5), 44-47.

Chen, B., & Zhou, X. (2007). Interpretation of national standard for current land use
classification. Journal of Natural Resources, 22(6), 994-1003.

Chen, C. (2008). Research on the development of healthy urbanization. Land and natural
resources research, 4, 7-9.

Chen, H., & Li, G. (2009). Study on the level and procedure of Beijing-Tianjin-Hebei
metropolitan regional market integration from 1985 to 2007. Geographical Research,
28(6), 1476-1483.

Chen, J. (2007). Rapid urbanization in china: A real challenge to soil protection and food
security. Catena, 69(1), 1-15.

Chen, M. (2015). Research progress and scientific problems in the field of urbanization.
Geographical Research, 34(4), 614-630.

Chen, M., Zhang, H., Liu, W., & Zhang, W. (2014). The global pattern of urbanization and
economic growth: Evidence from the last three decades. PLoS One, 9(8), e103799.

Cohen, B. (2006). Urbanization in developing countries: Current trends, future projec-
tions, and key challenges for sustainability. Technology in Society, 28(1-2), 63-80.

Cui, S., & Zhao, Q. (2013). The inspiration and thinking of patterns of rural in situ ur-
banization in south of Jiangsu. Urban development research, 20(10), 47-51.

Deng, J., Wang, K., Hong, Y., & Qi, J. (2009). Spatio-temporal dynamics and evolution of
land use change and landscape pattern in response to rapid urbanization. Landscape
and Urban Planning, 92(3-4), 187-198.

Deng, X., Huang, J., Rozelle, S., & Uchida, E. (2008). Growth, population and in-
dustrialization, and urban land sprawl of china. Journal of Urban Economics, 63(1),
96-115.

Deng, X., Huang, J., Rozelle, S., Zhang, J., & Li, Z. (2015). Impact of urbanization on
cultivated land changes in china. Land Use Policy, 45, 1-7.

Epperson, B. K., & Li, T. (1996). Measurement of genetic structure within populations
using Moran's spatial autocorrelation statistics. Proceedings of the National Academy of
Sciences of the United States of America, 93(19), 10528-10532.

Fan, H., & Liu, Z. (2014). Research on the spatial development of urbanization in China:
Based on the coordinated development of population, land and economic urbaniza-
tion. Inner Mongolia Social Sciences (Chinese version), 35(1), 95-100.

Feng, L., Chen, B., Hayat, T., Alsaedi, A., & Ahmad, B. (2015). The driving force of water
footprint under the rapid urbanization process: A structural decomposition analysis for
Zhangye city in china. (Journal of Cleaner Production).

Getis, A., & Ord, J. K. (1992). The analysis of spatial association by use of distance sta-
tistics. Geographical Analysis, 24(3), 189-206.

Goodall, S. K. (2004). Rural-to-urban migration and urbanization in Leh, Ladakh: A case
study of three nomadic pastoral communities. Mountain Research and Development,
24(3), 220-227.

Goryakin, Y., Rocco, L., & Suhrcke, M. (2017). The contribution of urbanization to non-
communicable diseases: Evidence from 173 countries from 1980 to 2008. Economics
and Human Biology, 26, 151.

Gu, C., & Wu, F. (2010). Urbanization in china: Processes and policies. The China Review,
10(1), 1-9.

Gu, S., & Liu, J. (2013). Urbanization transition in China: From a factor-driven to an
innovation—Driven approach. China Population Today, 2, 43.

Guo, G., & Li, H. (2009). The implementation of the second national land survey—Taking
the second land survey in Beijing. Changping District as an example, Surveying and
Mapping Science, S1, 112-114.

Guo, S., & Zou, J. (2015). Study and enlightenment of the in-situ urbanization of rural
areas in China in the background of new pattern urbanization—Taking Zhanqi
Village, Pi County for instance. Open Journal of Social Sciences, 3(09), 137.

Hasse, J. E., & Lathrop, R. G. (2003). Land resource impact indicators of urban sprawl.
Applied Geography, 23(2-3), 159-175.

He, L., Wu, G., Chen, G., Chen, L., Dai, D., & Shi, W. (2011). Research on urbanization of
rural settlements in Wuzhong District, Suzhou city of Jiangsu province. The techno-
logical management of land and resources, 28(6), 34-39.

He, Z. (2009). International comparative study on urbanization road. Wuhan University,
Wuhan, China: Unpublished doctoral dissertation.

Hersperger, A. M., Franscini, M. P. G., & Kiibler, D. (2014). Actors, decisions and policy

70

Cities 75 (2018) 59-71

changes in local urbanization. European Planning Studies, 22(6), 1301-1319.

Hu, B., & Li, Q. (2014). The urban-rural fringe and rural in situ urbanization: The model
and governance mechanism based on the analysis of the Gaobeidian village in
Beijing. Journal of Humanities, 10, 105-114.

Hu, D. (2014). Study on the institutional innovation of the healthy development of
China's social urbanization — Taking Zhejiang Province as an example. North Trade,
5, 28-31.

Hu, H., & Wen, L. (2015). Chinese “rural in situ urbanization”: The development trend,
influencing factors and path selection — A case study of Guangdong, Jiangxi, Hubei.
Sichuan Province. Journal of Hubei administration institute. 5, 88-91.

Hu, J. (2007). Hold highly the great banner of socialism with Chinese characteristics and
strive for a new victory in building a well-off society in an all-round way. The theo-
retical Front of Colleges and Universities, 10, 6-18.

Hu, J. (2013). Clarify the classification criteria and sort out the land for planning: An
exploration of the classification and docking of urban land use and land use in
Shanghai city. China Land, 6, 39-41.

Hu, X., & Kaplan, D. (2001). The emergence of affluence in Beijing: Residential social
stratification in China's capital city. Urban Geography, 22(1), 54-77.

Hu, Y., Liao, C., & Liu, Y. (2014). The practice and thinking of rural in urbanization in the
context of new urbanization — Based on a survey of 4 typical villages of Xiangyang in
Hubei Province. Journal of Huazhong Agricultural University (Social Science Edition),
33(6), 98-103.

Huang, W., Yang, W., & Qian, F. (2015). Study on the influence factors of farmers' in situ
urbanization selection — A case study of Haiyan County in Jiaxing city. Social
Sciences in Zhejiang, 1, 86-92.

Jenerette, G. D., & Potere, D. (2010). Global analysis and simulation of land-use change
associated with urbanization. Landscape Ecology, 25(5), 657-670.

Ji, W., Ma, J., Twibell, R. W., & Underhill, K. (2006). Characterizing urban sprawl using
multi-stage remote sensing images and landscape metrics. Computers, Environment
and Urban Systems, 30(6), 861-879.

Jia, Q., & Yun, Y. (2015). Analysis of urbanization quality and its regional differences in
Beijing-Tianjin-Hebei metropolitan area. Resources and environment in arid area,
29(3), 8-12.

Jiang, G., Wang, X., Yun, W., & Zhang, R. (2015). A new system will lead to an optimal
path of land consolidation spatial management in China. Land Use Policy, 42, 27-37.

Jiang, G., He, X., Ma, W., Wang, M., & Zhang (2015). Evolution of spatial pattern and its
division of rural settlement based on spatial autocorrelation. Journal of Agro
Engineering, 31(13), 265-273.

Jiang, G., He, X., Qu, Y., Zhang, R., & Yuan, M. (2016). Functional evolution of rural
housing land: A comparative analysis across four typical areas representing different
stages of industrialization in China. Land Use Policy, 57, 645-654.

Jiang, G., Ma, W., Qu, Y., Zhang, R., & Zhou, D. (2016). How does sprawl differ across
urban built-up land types in China? A spatial-temporal analysis of the Beijing me-
tropolitan area using granted land parcel data. Cities, 58, 1-9.

Jiang, G., Ma, W., Zhou, D., Zhao, Q., & Zhang, R. (2017). Agglomeration or dispersion?
Industrial land-use pattern and its impacts in rural areas from China's township and
village enterprises perspective. Journal of Cleaner Production, 159, 207-219.

Jiang, G., Zhang, R., Ma, W., Zhou, D., Wang, X., ... (2017). Cultivated land productivity
potential improvement in land consolidation schemes in Shenyang, China: assess-
ment and policy implications. Land Use Policy, 68, 80-88.

Jiao, X. (2015). Analysis of the plight, focus and countermeasures of rural in situ urba-
nization in the process of new urbanization: An alternative approach to city diseases.
Urban development research, 22(1), 108-115.

Kadi, G. E. (1988). Market mechanisms and spontaneous urbanization in Egypt: The Cairo
case. International Journal of Urban & Regional Research, 12(1), 22-37.

Khan, A. A. M. (1982). Rural-urban migration and urbanization in Bangladesh.
Geographical Review, 379-394.

Li, B. (1997). The transfer of surplus rural labor force and the development of small towns in
China: Urban problems. 3, 11-14.

Li, Q., Zhang, Y., & Chen, Z. (2016). Study on models of rural in situ urbanization. Journal
of Jiangsu Administration College, 1, 52-60.

Li, T., & Cheng, J. (2005). Study on investment and consumption effect driven by urba-
nization. Population science of China, 5, 65-69.

Li, T., Liao, H., Wang, W., & Shi, J. (2015). Spatio-temporal differentiation and coupling
coordination of urbanization quality of land, population and industry in Chongging
city. Economic Geography, 5, 65-71.

Li, T., Liao, H., Yang, W., Zhuang, W., & Shi, J. (2015). Spatio-temporal difference and
coupling coordination of urbanization quality of land, population and industry in
Chonggqing City. Economic Geography, 35(5), 65-71.

Li, T., & Long, H. (2014). Spatio-temporal pattern of rural transformation in Shandong
province. Geographical Research, 33(3), 490-500.

Li, X., Wen, J., & Lin, J. (2012). Review of land urbanization and related issues. Progress in
Geographical Science, 31(8), 1042-1049.

Li, Y., Wang, X., Zhu, Q., & Zhao, H. (2014). Assessing the spatial and temporal differ-
ences in the impacts of factor allocation and urbanization on urban-rural income
disparity in china, 2004-2010. Habitat International, 42(42), 76-82.

Lian, J., Li, X., Gong, H., Wang, Y., & Sun, Y. (2010). The spatial pattern analysis of
economic growth of Jing-Jin-Ji Metropolitan region. International Conference on
geoinformatics (pp. 1-5). IEEE.

Liu, B., Li, N., & Peng, J. (2015). To explore the path of rural in situ urbanization in Yang
Ling demonstration zone. Journal of Northwest Agriculture and Forestry University
(SOCIAL SCIENCE EDITION), 15(1), 42-47.

Liu, L. (2014). Research on the practice of rural in situ urbanization in Haiyan County.
Economic Forum, 12, 80-83.

Long, H. (2012). Research on land use transformation and rural transformation devel-
opment. Progress of Geographical Science, 31(2), 131-138.


http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0040
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0045
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0045
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0050
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0050
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0055
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0060
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0060
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0060
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0065
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0065
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0065
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0070
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0070
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0070
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0075
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0075
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0085
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0085
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0090
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0090
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0095
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0095
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0095
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0100
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0100
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0105
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0105
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0110
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0110
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0115
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0115
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0115
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0120
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0120
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0125
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0125
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0130
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0130
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0135
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0135
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0140
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0140
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0145
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0145
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0145
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0150
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0150
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0150
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0155
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0155
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0160
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0160
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0160
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0165
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0165
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0165
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0175
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0175
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0175
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0180
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0180
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0185
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0185
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0185
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0190
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0190
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0190
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0195
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0195
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0200
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0200
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0205
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0205
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0205
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0210
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0210
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0210
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0215
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0215
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0220
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0220
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0220
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0225
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0225
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0230
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0230
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0235
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0235
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0235
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0240
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0240
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0240
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0245
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0245
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0245
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0250
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0250
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0250
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0255
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0255
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0255
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0260
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0260
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0265
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0265
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0265
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0265
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0270
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0270
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0270
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0275
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0275
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0280
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0280
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0280
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0285
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0285
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0285
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0300
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0300
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0290
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0290
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0290
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf2005
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf2005
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf2005
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0295
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0295
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0295
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf2010
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf2010
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf2010
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf2015
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf2015
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf2015
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0305
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0305
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0305
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0310
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0310
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0315
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0315
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0320
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0320
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0325
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0325
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0330
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0330
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0335
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0335
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0335
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0340
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0340
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0340
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0345
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0345
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0350
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0350
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0355
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0355
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0355
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0360
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0360
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0360
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0370
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0370
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0370
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0380
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0380
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0385
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0385

T. Zhou et al.

Long, H., Li, T., & Zou, J. (2011). A typical analysis of the dynamic mechanism and
optimization countermeasures of rural transformation in China. Economic Geography,
31(12), 2080-2085.

Lopez, T. M., Aide, T. M., & Thomlinson, J. R. (2001). Urban expansion and the loss of
prime agricultural lands in Puerto Rico. Ambio: A Journal of the Human Environment,
30(1), 49.

Lu, D. (2007). The process of urbanization and spatial expansion in China. Urban economy
of China, 10, 14-17.

Lu, X. (2009). Breaking the dual structure of urban and rural areas and realizing the
economic and social integration of urban and rural areas. Social Science Research, 4,
12-15.

Lucas, R. E. (1998). Internal migration and urbanization: Recent contributions and new evi-
dence. Institute for Economic Development, Boston University.

Lv, P., Zhou, T., Zhang, Z., & Tian, Z. (2008). Land urbanization and the construction and
application of its measurement index system. Chinese Land Science, 22(8),

26-30 + 44.

Ma, Q. (2011). Rural inn situ urbanization is worth studying and popularizing.
Macroeconomic management, 11, 25-26.

Maruapula, S. D., Jackson, J. C., Holsten, J., Shaibu, S., Malete, L., Wrotniak, B., et al.
(2011). Socio-economic status and urbanization are linked to snacks and obesity in
adolescents in Botswana. Public Health Nutrition, 14(12), 2260-2267.

Mears, R. (1997). Rural-urban migration or urbanization in South Africa. South African
Journal of Economics, 65(4), 275-283.

Murzin, A. D. (2014). Influence of the urbanization on stability developments large cities.
Rossijskij Akademiceskij Zurnal, 13(3), 15-19.

Njoh, A. J. (2003). Urbanization and development in sub-Saharan Africa. Cities, 20(3),
167-174.

Osborne, R. (2005). Urban sprawl: What is urbanization and why does it matter? .

Ou, G., & Zhou, Z. (2014). An empirical study of the house with limited property rights: A case
of Shenzhen. Proceedings of the 17th international symposium on advancement of con-
struction management and real estateBerlin Heidelberg: Springer.

Peng, J., Shen, H., Wu, W., Liu, Y., & Wang, Y. (2016). Net primary productivity (NPP)
dynamics and associated urbanization driving forces in metropolitan areas: A case
study in Beijing city, china. Landscape Ecology, 31(5), 1077-1092.

Portes, A., & Roberts, B. R. (2005). The free-market city: Latin American urbanization in
the years of the neoliberal experiment. Studies in Comparative International
Development, 40(1), 43-82.

Pribadi, D. O., & Pauleit, S. (2015). The dynamics of peri-urban agriculture during rapid
urbanization of Jabodetabek metropolitan area. Land Use Policy, 48, 13-24.

Qu, Y., Jiang, G., Zhang, F., & Zhao, T. (2013). Spatio-temporal interaction of project zone
for pothook between rural-urban built-up land. Transactions of the Chinese Society of
Agricultural Engineering, 29(6), 232-244.

Ran, G., Zhang, M., & Zhang, J. (2009). An empirical study on the regional differences in
the relationship between public service supply and economic growth. Research on
Finance and Economics, 11, 116-122.

Ran, Y. (2013). Study on the coordination and relevance of secondary vocational edu-
cation and urbanization — Based on inter-provincial sectional data analysis in 2006
and 2011. Educational Development Research, 23, 63-69.

Renaud, B. (1981). National urbanization policy in developing countries.

Shao, H., & Zhu, Y. (2007). The urbanization of population in urban and rural areas
around big cities: A case study of Fuzhou city. Population and development, 13(1),
12-17.

Shen, Y., Zhu, X., & Lei, Z. (2015). Study on the coordinated development of land ur-
banization and population urbanization in Hunan province from the perspective of
new urbanization. Population, resources and environment, 25(5), 354-357.

Siciliano, G. (2012). Urbanization strategies, rural development and land use changes in
china: A multiple-level integrated assessment. Land Use Policy, 29(1), 165-178.

Sun, H. (2010). Strengthen regional economic exchanges and cooperation between
Beijing, Tianjin and Hebei. Macroeconomic Research, 8, 18-24.

Sun, Q. (2015). In-situ urbanization in tourism-oriented towns in China's southwest moun-
tainous area: A case study of Yongxin town. Proceedings of the 19th international sym-
posium on advancement of construction management and real estate. Berlin Heidelberg:
Springer.

Tatem, A. J., & Hay, S. . (2004). Measuring urbanization pattern and extent for malaria
research: A review of remote sensing approaches. Journal of Urban Health, 81(3), 363.

Tisdale, H. (1942). The process of urbanization. Social Forces, 20(3), 311-316.

Wang, F., Mao, A., Li, H., & Jia, M. (2013). Analysis of urbanization quality measurement
and spatial differences based on entropy method in Shandong province. The geo-
graphic science, 33(11), 1323-1329.

Wang, J., & Xu, C. (2017). Geodetector: Principle and prospect. Acta Geographica Sinica,
72(1), 116-134.

Wang, X., Xi, J., Yang, D., & Chen, T. (2012). Spatial differentiation of rural touristization
and its determinants in China: A geo-detector-based case study of Yesanpo scenic
area. Journal of Resources and Ecology, 7(6), 464-471.

Wang, X., Yang, J., Lee, C., Ji, Z., & You, S. (2016). Macro-level safety analysis of pe-
destrian crashes in Shanghai, China. Accident Analysis & Prevention, 96, 12-21.
Wang, X., Yang, J., Zhu, D., Yue, Y., Bai, X., & Zhang, J. (2015). Data quality evaluation
and error spatial autocorrelation analysis of land change survey database — A case

study of Hebei province. Journal of Geo-information science, 17(6), 705-712.

Wang, X. R., Hui, C. M., & Sun, J. X. (2017). Population migration, urbanization and

housing prices: Evidence from the cities in china. Habitat International, 66, 49-56.

71

Cities 75 (2018) 59-71

Wen, R., & Wu, Y. (2010). Effects of the implementation of national standard for current
land use classification on land management in China. Resource Science, 32(4),
731-736.

Woods, R. (2003). Urbanization in Europe and china during the second millennium: A
review of urbanism and demography. International Journal of Population Geography,
9(3), 215-227.

Wu, C., Chen, W., Gu, R., & Zhang (1997). China's urban and rural dual structure and its
coordinated countermeasures: Urban Planning. 5, 38-41.

Wu, F., & Anthony, G. Y. (1999). Urban spatial structure in a transitional economy.
Journal of the American Planning Association, 65(4), 377-394.

Wu, J., Jenerette, G. D., Buyantuyev, A., & Redman, C. L. (2011). Quantifying spatio-
temporal patterns of urbanization: The case of the two fastest growing metropolitan
regions in the united states. Ecological Complexity, 8(1), 1-8.

Wu, W., Zhao, S., Zhu, C., & Jiang, J. (2015). A comparative study of urban expansion in
Beijing, Tianjin and Shijiazhuang over the past three decades. Landscape and Urban
Planning, 134, 93-106.

Wu, X., Fan, Q., Li, P., & Kuang, Z. (2013). Reflections on large scale land change survey.
Scientific and Technological Management of Land and Resources, 30(3), 123-126.
Xiao, J., Shen, Y., Ge, J., Tateishi, R., Tang, C., Liang, Y., & Huang, Z. (2006). Evaluating
urban expansion and land use change in Shijiazhuang, China, by using GIS and re-

mote sensing. Landscape and Urban Planning, 75(1-2), 69-80.

Xing, C., & Zhang, J. (2017). The preference for larger cities in China: Evidence from
rural-urban migrants. China Economic Review, 43, 72-90.

Xu, L., & Zhang, H. (2016). The influence factors of farmers' in situ urbanization and their
welfare effects: An empirical analysis based on the micro data of farmers in the four
provinces. Social Scientist, 6, 72-77.

Xu, X., Shi, S., & Huang, Q. (2014). The Chinese urban-rural dual economic structure
model and analysis. Asian Agricultural Research, 06(1), 18-23.

Xuan, C. (2016). Three models of urbanization in Henan province. Urban and
Environmental Studies, 2, 106-107.

Xue, Y., Wu, F., Wang, C., & Lin, Z. (2016). Analysis on the allocation of medical and
health resource allocation and urbanization. Henan Social Science, 24(2), 47-56.
Yang, R., Liu, Y., & Long, H. (2015). Coordinated evolution of population land industry
transition in China's Bohai Rim region. Geographical Research, 34(3), 475-486.

Ye, Y. (2001). Social security system and urbanization. Urban Problems, 6, 45-48.

Yu, H., & Zang, X. (2015). Study on Beijing Tianjin industrial docking with the ease of
noncapital function. The theory guide, 12, 67-73.

Yu, S., Yong, J., & Choi, S. (2017). Is there more traffic congestion in larger cities? —
Scaling analysis of the 101 largest U.S. urban centers. Transport Policy, 59, 54-63.

Yue, Q., Zhong, L., Qing, G., & Bao, P. (2016). Scenario simulation and landscape pattern
dynamic changes of land use in the poverty belt around Beijing and Tianjin: A case
study of Zhangjiakou city, Hebei province. Journal of Geographical Sciences, 26(3),
272-296.

Zeng, H. (2015). The practice and reflection of urbanization: From rural in situ urbani-
zation to radical urbanization. Journal of Northwest Agriculture and Forestry University
(SOCIAL SCIENCE EDITION), 15(4), 129-134.

Zhai, G. (2015). Progress of European urbanization research. International Urban Planning,
3, 14-18.

Zhang, F., & Kong, W. (2014). Spatio-temporal characteristics and mechanism of land
urbanization in China. Regional Research and Development, 33(5), 144-148.

Zhang, J. (2011). Construction and applied of appraises model of urban-rural coordinate
degree based on the dual structure and the problem of agriculture countryside and
peasant's. Chinese Agricultural Science Bulletin, 27(2), 446-451.

Zhang, K. H., & Song, S. (2003). Rural-urban migration and urbanization in China:
Evidence from time-series and cross-section analyses. China Economic Review, 14(4),
386-400.

Zhang, L. (2008). Conceptualizing china's urbanization under reforms. Habitat
International, 32(4), 452-470.

Zhang, Y., Zheng, S., Song, Y., & Zhong, Y. (2016). The spillover effect of urban village
removal on nearby home values in Beijing. Growth & Change, 47(1), 9-31.

Zhao, Q., & Cui, S. (2013). Thinking about promoting the urbanization of farmers in the
period of transition. The annual meeting of Chinese urban planning in, 2013.

Zhao, Z. (2016). Experience of in situ urbanization in Zhenggezhuang village in Beijing.
The city and. Environmental Research, 2, 105-106.

Zheng, X. (2014). Analysis of the effective path of urbanization in China: Based on the
practice and enlightenment of Haiyan in Zhejiang province. Reform and Strategy, 10,
86-89.

Zhong, S. (2013). The migration urbanization and rural in situ urbanization: Discussion
on rural in situ urbanization of in the west of China. Economic Research Guide, 3,
165-168.

Zhou, P., & Wang, W. (2015). Summary of research on local urbanization. Chinese market,
17, 197-198.

Zhu, H. (2005). Review of the research on rural urbanization. Journal of Mountain
Agriculture and Biology, 24(5), 448-452.

Zhu, N. (2000a). Regional differences and determinants of urbanization in the Yangtze River.
Resources and Environment in the Yangtze River Basin, 9, 166-172.

Zhu, Y. (2000b). In situ urbanization in rural China: Case studies from Fujian Province.
Development and Change, 31(2), 413-434.

Zhu, Y. (2004). Changing urbanization processes and in situ rural-urban transformation:
Reflections on China's settlement definitions. New forms of urbanization: Beyond the
urban-rural dichotomy (pp. 207-228). .


http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0390
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0390
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0390
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0395
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0395
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0395
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0400
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0400
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0405
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0405
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0405
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0410
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0410
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0415
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0415
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0415
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0420
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0420
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0425
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0425
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0425
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0430
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0430
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0435
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0435
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0440
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0440
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0445
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0450
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0450
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0450
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0455
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0455
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0455
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0460
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0460
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0460
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0465
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0465
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0470
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0470
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0470
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0475
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0475
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0475
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0480
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0480
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0480
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0485
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0490
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0490
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0490
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0495
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0495
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0495
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0505
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0505
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0510
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0510
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0515
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0515
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0515
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0515
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0520
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0520
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0525
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0530
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0530
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0530
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0535
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0535
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0545
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0545
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0545
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0550
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0550
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0555
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0555
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0555
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0560
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0560
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0565
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0565
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0565
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0570
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0570
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0570
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0575
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0575
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0580
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0580
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0585
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0585
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0585
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0595
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0595
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0595
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0600
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0600
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0605
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0605
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0605
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0610
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0610
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0620
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0620
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0620
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0625
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0625
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0630
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0630
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0635
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0635
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0645
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0645
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0650
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0655
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0655
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0660
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0660
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0665
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0665
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0665
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0665
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0670
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0670
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0670
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0675
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0675
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0680
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0680
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0685
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0685
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0685
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0690
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0690
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0690
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0695
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0695
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0700
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0700
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0705
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0705
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0710
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0710
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0715
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0715
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0715
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0720
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0720
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0720
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0725
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0725
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0730
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0730
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0735
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0735
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0740
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0740
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0745
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0745
http://refhub.elsevier.com/S0264-2751(17)30700-X/rf0745
User
高亮


	Addressing the rural in situ urbanization (RISU) in the Beijing–Tianjin–Hebei region: Spatio-temporal pattern and driving mechanism
	Introduction
	Literature review and theoretical framework
	Literature review
	Urbanization
	Rural in situ urbanization

	Theoretical framework

	Methodology and data
	Study area
	Data sources
	Research methods
	Rural in situ urbanization index
	Spatial autocorrelation
	Geographical detector
	Calculation formula
	Indicator selection


	Results and analysis
	The temporal pattern of rural in situ urbanization
	The overall change characteristics of rural in situ urbanization
	The level of change characteristics of rural in situ urbanization

	The spatial pattern of rural in situ urbanization
	The driving mechanism of rural in situ urbanization

	Discussion and conclusion
	Acknowledgements
	References




