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a b s t r a c t

Urbanization in China has been closely associated with urban sprawl, rural migration and the role of
government has been more direct and powerful in setting it in motion. In 2014, the New Urbanization
Planning in China has been released in which the development of urban agglomeration and small-
medium cities has been highlighted. In this context, we decompose urbanization into population-
oriented and land-centered archetypes and devise spatial models in multiple strategies embedded
with different spatial relations to unfold the underlying driving forces using Wuhan agglomeration as the
case. In addition to the identification of major driving forces which are gross domestic product (GDP),
income, fixed asset investment and the transportation construction, the major contributions of our study
lie in the gauge on administrative influence, to be more specific, the status of urban district, city-level
county and county, through incorporating different spatial weight matrix in different scenarios in
spatial modeling. It found out that 1) both non-agricultural population and urban land exhibit significant
spatial autocorrelation and the superiority in the city center is evident; 2) socio-economic development
and transportation construction significantly influence urbanization whereas the personal income and
fixed asset investment accounting for a large proportion being the most powerful factors; 3) different
administrative status at the county level is an unneglectable factor and urban area has higher probability
to expand when urban district is adjacent to county-level city; 4) the magnitude of this administrative
status influence generally grows to a certain level and then reaches to a plateau. These findings provide
theoretical basis for understanding the administrative dimension in new urbanization and have
important policy implications on administrative adjustment and urban agglomeration.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

The urbanization trajectories around the world are diversified,
interwoven with distinct political framework, industrialization,
globalization, secularization, gentrification and land use change
process in different countries and cities (Abu & Hay, 2013; Cox,
2013). China has undergone and is experiencing unique urbaniza-
tion which raised heated and profound debate in academia and
among policy-makers (Hsing, 2010; Li, 2011). In the past 30 years,
albeit that the speed of urbanization in China has been strikingly
fast, the discrepancy between high-level cities and county-level
University, Wuhan, 430070,
cities has rarely been attenuated and most of the mega cities has
been diagnosed as over-saturated (Ni, 2013, Ni, Kresl, & Li, 2014;
Wu, Zhang, Jin, & Deng, 2009). The New Urbanization Planning in
China has been released in which the development of urban
agglomeration and small-medium cities has been highlighted in
2014 (Shan & Huang, 2013). Accompanied by the unremitted effort
to seek efficiency in intra-urban development, the government and
city planners have proposed to promote urban agglomeration by
strengthening the connection among small-medium cities or
counties (Liu et al., 2014; UNP, 2014).

In addition, the high speed of urbanization is coupled with
complex administrative adjustments in China, at the county-level
in particular. First, a large body of research, focused on the influ-
ence of administrative change on urban economic, political, de-
mographic and other changes, allows a general picture to be drawn
of urban administrative hierarchy and its change. Studies have been
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conducted in a number of Chinese cities such as Beijing and
Guangzhou to demonstrate China's governance, power decentral-
ization and territory adjustment, in which the change of the
administrative boundary and administrative status/level are spe-
cifically incarnated (Chung, 2008; Liu & Yang, 2012, Liu, Yin, & Ma,
2012; Zhao, Lü, & Woltjer, 2009). There are substantial achieve-
ments on both sides and these two types of administrative changes
are generally interwoven with each other, yet we attempt to focus
our research on the influence of the administrative status/level
change on urbanization. In fact, China has long adopted a “Five-
level” hierarchical administrative system as interpreted as “Country
e Province e City e County- Village” (Ma & Wu, 2013). The de-
rivative county-level system is more complicated as it involves
“county-level city”, “urban district” and “county” (Cartier, 2011;
Wang, 2011). County-level city is generally perceived as the
county with high urbanization and is empowered to have more
preferable policies. Urban district is often regarded as the clustered
urban area in a city or county with more institutional restrictions
from the city than county (Fan, Li, & Zhang, 2012; Chien, 2013).
Shen (2008) identified four categories of typology of urban spatial
changes which are elucidated as “Governing rural area”, “Rural to
urban transition”, and “Changes in city status”, “inter-city changes.
Li (2011) pointed out that strategies such as “converting counties to
county-level cities (xiangaishi)” and “transforming counties to ur-
ban districts (chexian she qu)” have been popularized, but not
through automatic procedures that endorses the high urbanization
levels in existing counties in China. Chien (2013) explains the
‘mismatch’ puzzle in Kunshan and contributes its prosperity to
administrative restructuring from county to county-level city. As
argued by Yeh, Xu, & Liu (2011), administration is acclaimed to be
one of the important dimensions in Chinese urbanization and its
impacts have been increasingly identified as the empirical studies
indicate. As a matter of fact, it is argued that the decentralization of
Chinese cities, while helping to enliven the local land market
within the context of urbanization, industrialization and global-
ization, contributes to featured urban landscape with apparent gap
at the county level in particular (Zuo, 2008; Wang, 2011, Wang,
Fang, Wang, 2012). The emergences of “county-level city” and
“urban districts” are institutional embodiment of this difference,
notwithstanding the fact they are both at the same administrative
level with county in the Chinese administrative hierarchy (Li, 2011;
Chien, 2013). While not undermining the effectiveness of admin-
istrative adjustment at the county level, previous studies seldom
involve the validation of these differences in promoting urbaniza-
tion, from a spatial perspective in particular. Moreover, notwith-
standing the incredible urban land expansion experienced by
“county-level city” or “urban districts”, the land-centered urbani-
zation does not necessarily guarantee urbanized people, society
and economy as expected (Yew, 2012). All of these would be
problematic when the urbanization mechanism is explored. As a
result, the in-depth investigation on the effects of administrative
status/level adjustment on urbanization is indispensable and of
fundamental policy implications.

Another body of research has focused specifically on exam-
ining the driving forces, dynamics and impacts of urbanization
associated with urban sprawl, rural migration and infrastructure
construction using remote sensing, geographical information
system and spatial analysis. Compared with U.S. and European
cities, most cities in China have been identified to have undergone
land-dominated urbanization. Urban expansion and urban sprawl
have been discerned at the city level such as Beijing, Shanghai,
Guangzhou and Wuhan, at the regional level such as Pearl River
delta, Yangzi river delta, or even at the national and global level
though Remote Sensing (RS) and Geographical Information Sys-
tem (GIS) techniques (Han, Hayashi, Cao, & Imura, 2009; Kuang,
2011; Sun, Wu, Lv, Yao, & Wei, 2013). Furthermore, the discov-
ery of spatial dependence in the traditional statistical calculation
and the widely present spatial correlation in regional science
reflect the need for incorporating spatial effect into the opera-
tional model. To achieve it, spatial regression is found to be an
appropriate alternative to explore the mechanism of urban
growth or regional development in a spatial explicit manner
(Anselin, 2010; Yu & Wei, 2008). With respect to the causality of
urban land expansion, Deng, Huang, Rozelle, & Uchida (2008)
found income, population, the value of agricultural land and
transportation costs matter in China's urban expansion. Zhou and
Sun (2010) identified GDP to be the primary force of urban
expansion in Pearl River delta and Seto, Güneralp,&Hutyra (2012)
used urban population and GDP to simulate global urban expan-
sion. However, urban sprawl through infrastructure construction,
the setting up of development zones and administrative adjust-
ments, expands urban space and in turn inflates urban population
size without necessarily urbanizing the overall landscape or
economy (Yew, 2012). This is problematic when we attempt to
measure “urbanization” as both population and land use change
are essential components in this process. Shi, Li, & Zhao (2010)
consid the optimum urban population to maximize the happi-
ness degree which is defined as the possession and/or consuming
certain resources such as GDP, water, housing, etc. Peng (2011)
concludes that China is at a demographic turning point from an
agricultural society into an urban one, from a young society to an
old one, and from a society attached to the land to one that is very
much on the move. Achievements have also been made to
investigate the relationship between “land urbanization” and
“urbanization of population” and to figure out plans to balance
their development (Wang et al., 2012). In fact, both optimizing
urban land distribution and urbanizing population have been
labeled as the principles of new urbanization in China (UNP, 2014).
These provide the theoretical basis for decomposing urbanization
into “population-oriented” and “land-centered” aspects and
applying RS, GIS and spatial analysis techniques to unfold the
underlying driving forces.

These previous studies inform us the importance of the
administrative hierarchy and spatial interaction among cities and
counties on regional urbanization. Then two important research
questions are raised accordingly: how different types of counties
combine with each other exhibit different spatial interaction in the
process of urbanization? What is the magnitude of this spatial
correlation? In response, we focus more specifically to ground our
hypothesis using a case study of a representative urban
agglomeration-Wuhan agglomeration in the next sections. We
decompose urbanization into population-oriented and land-
centered archetypes, and devise spatial modelsin multiple strate-
gies embedded with different spatial relations to respond to
questions raised above. The major function of the model is to
distinguish which administrative combination at the county level is
more likely to produce higher spatial interaction in the process of
urbanization. Later the administrative combination with the high-
est spatial correlation effect is further explored with varying spatial
weight to identify the magnitude. In the final section, we extend
our understanding on Chinese urbanization and urban agglomer-
ation as well as discuss the administrative influence at the county
level.

In addition, to promote the new urbanization in China, the
regional urban agglomeration and harmonization as well as the
balance between population, resource and environment are prior-
itized (Fan et al., 2013; Zheng, Chen, Cai, & Liu, 2009). In this
context, using Wuhan agglomeration e a representative region in
the Middle of China as the case study area, conforms to the re-
quirements for better understanding on regional development and
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offers an updated and more detailed study of spatial interaction
that incorporates the Chinese administrative hierarchy.

2. Material and methodology

2.1. Study area

Wuhan agglomeration is located in the eastern part of Hubei
province, central China, along the middle reaches of Yangzi River
(112�300e116�100E, 29�050e31�500N). Apart from Wuhan City, it is
composed of eight cities (towns) namely Huangshi, Erzhou, Xiao-
gan, Huanggang, Xianning, Xiantao, Qianjiang and Tianmen, which
is renowned as “1 þ 8” Wuhan agglomeration (Fig. 1). There are 48
counties in Wuhan agglomeration and it covers an area of
approximate 5.8 � 104 km2, most of which is in the form of plain. It
has also accounted for 31.2% of the total area, 50% of the total
Fig. 1. Study area (the renowned “1 þ 8” Wuhan agglomeration includes the Wuhan metrop
total).
population and 60% of the GDP in Hubei Province. Wuhan
agglomeration is chosen because it is one of the fast growing and
largest urban agglomeration in China with strategic position (Tan
et al., 2014). In the past 20 years, counties within Wuhan agglom-
eration have experienced various administrative status/level
changes, which make it more suitable for our study (Han & Wu,
2004).

2.2. Data preparation

Data used includes interpreted land use maps from Landsat TM
images in 2010 with the spatial resolution of 30 m. Based on the
National Land Use Classification System (GB/T21010-2007) and the
image processing result, the thematic land use map with eight
categories-arable lands, forest, grassland, water, urban area, rural
area, other construction land and unused land are generated and
olitan in the middle and eight cities/towns around with 48 units at the county level in



Fig. 2. Data illustration (the left one is the thematic land use map with eight land use categories and the right one is the extracted road junctions in Wuhan agglomeration).
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illustrated in Fig. 2(a). Urban area, which proves to be an important
indicator for urbanization is then extracted and transformed into
vector format in GIS for further analysis. The map of road junctions
in China has been provided by Beijing City Lab (http://longy.jimdo.
com/data-released-1/) and we extracted junction points for Wuhan
agglomeration as illustrated in Fig. 2(b). We also collected popu-
lation, non-agricultural population and GDP for all the counties
from Hubei Yearbook (2000e2011), Wuhan City Yearbook
(1996e2011), Chinese City Yearbook (1990e2011), and database
from Barometer on China's Development (BOCD). Since not all the
indicators are available for all the 48 counties in Wuhan Agglom-
eration area, we made regressions and predications to substitute
the missing data.

2.3. Methodology

2.3.1. Decomposition of urbanization
As reviewed above, the demographics and the land use change

in the urbanization process are the foundations of all urban history,
in the developing countries such as China in particular (Abu & Hay
2013). The harmonious development on both sides advances ur-
banization in a favorable manner. There upon the measurement of
urbanization is disentangled into people-oriented and land-
centered aspects to explore and compare the casual mechanism.
Non-agricultural population density (NAPD) and the percentage of
urban land (ULP) resemble the degree of people's urbanization and
land urbanization correspondingly where their calculations are
specified in Eq. (3.1) and Eq. (3.2).

NAPDi ¼
NAPi
Si

(3.1)

ULPi ¼
ULi
Si

(3.2)

where NAPi is the non-agricultural population in the ith county, ULi
is the urban land area in the ith county and Si is the area of the ith
county.

On accounts of the empirical studies on the primary causes of
urbanization, we selected 11 potential factors namely GDP per
capita (PGDP), the proportion of the second industry to GDP (PSI),
the proportion of the tertiary industry to GDP (PTI), government
revenue per area (PGV), fixed asset investment per area (PFAI),
disposable personal income for urban residents (DPI), budget per
area (PD), foreign trade export per area (PFT), foreign investment
per area (PFI), retail sales of consumer goods (PTSC)and road
junctions per area (PRJ) (Deng, Huang, Rozelle, Uchida, 2010; Liu,
Yin, Ma, 2012; Seto et al., 2012). Because the explanatory vari-
ables are in the ratio form, we transformed these factors into the
“per capita” or “per area” form correspondingly. Then we per-
formed the stepwise regressions to screen the factors and to
eliminate the multicollinearity in the models. The representative
factors are specified in Eqs. (3.3e3.5).

PGDPi ¼
GDPi
Pi

(3.3)

PFAIi ¼
FAIi
Si

(3.4)

PRJi ¼
RJi
Si

(3.5)

where GDPi, FAIi and RJi refer to gross domestic product, fixed
asset investment and the number of road junctions for charac-
terizing economic and transportation development in the ith
county., Pi is the total population in the ith county and Si is the
area of the ith county. Other factors aforementioned are calculated
in the similar ways. After collecting data and calculating the 11
potential driving factors for all the 48 counties in Wuhan
agglomeration, we undertake the stepwise regression and make
the DurbineWatson (DW) test to diagnose the existence of spatial
correlation.

2.3.2. Multi-scenario establishment
The aforementioned administrative hierarchy is illustrated in

Fig. 3 with the left one explaining the composition of urban
agglomeration and the right one exhibiting the 48 counties with
different status/type in 9 cities or towns in Wuhan agglomeration.
These three types of countiesddistrict, county-level city and
county formulate the six different spatial relationships. In order to
determine whether one of these spatial interactions is more

http://longy.jimdo.com/data-released-1/
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Fig. 3. Administrative level and administrative composition in Wuhan agglomeration (the left one is the thematic land use map with eight land use categories and the right one is
the extracted road junctions in Wuhan agglomeration).
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powerful than the other in the process of urbanization, six hy-
potheses are described in Table 1, which forms the theoretical basis
to produce the spatial weight matrix.

In order to illustrate on how the spatial weight matrices are
formulated associated with these six scenarios, we take an example
as follows. The left sub-figure (Fig. 4) is an example of spatial dis-
tribution of 9 unit with Ct referring to county-level city, Co referring
to county and Ub referring to urban district. The right sub-figure
(Fig. 4) is the illustration of the spatial matrix in six scenarios. In
scenario 1 when county is adjacent to county, the value of l1 is
given the value of 2, where the value of l is given the value of 1 in
the other spatial adjacent situations (l2, l3, l4, l5, l6 all equal to 1 in
scenario 1). It is the same case in scenario 2, scenario 3, scenario 4,
scenario 5 and scenario 6.

We introduce the factor l to reflect themagnified scale of spatial
relationship and six spatial weight matricies -W1, W2, W3, W4, W5,
and W6 are thus generated for further modeling. The primary
objective of the multi-scenario modeling is to give the response to
the question raised in Section 1 on how different types of counties
combinewith each other exhibits different spatial correlation in the
process of urbanization. As a result, the value of l can be varying as
long as it is not equivalent to 1(The value of 1 indicates the same
degree of spatial interaction in all the scenarios). Here we give l the
value of 2 and it has been amplified further when we move to the
next sub-section to answer the second question on the magnitude
of this spatial correlation. The detailed explanation of the different
spatial weight in different scenarios is described as below.

� Scenario 1 has W1 as the spatial contiguity based matrix, with
wij ¼ l if i and j are both urban districts as spatial neighbors and
wij ¼ 1 otherwise.

� Scenario 2 has W2 as the spatial contiguity based matrix, with
wij ¼ l if i and j are both county-level cities as spatial neighbors
and wij ¼ 1 otherwise.

� Scenario 3 has W3 as the spatial contiguity based matrix, with
wij¼ l if i and j are both counties as spatial neighbors andwij¼ 1
otherwise.
Table 1
Specification of the MRSA model in the four different scenarios.

Scenario Hypothesis

Scenario 1 When county is adjacent to
Scenario 2 When urban district is adjac
Scenario 3 When county is adjacent to
Scenario 4 When urban district is adjac
Scenario 5 When urban district is adjac
Scenario 6 When county-level city is ad
� Scenario 4 has W4 as the spatial contiguity based matrix, with
wij ¼ l if one of the spatial neighbors is urban district and the
other is county-level city, and wij ¼ 1 otherwise.

� Scenario 5 has W5 as the spatial contiguity based matrix, with
wij ¼ l if one of the spatial neighbors is urban district and the
other is county, and wij ¼ 1 otherwise.

� Scenario 6 has W6 as the spatial contiguity based matrix, with
wij ¼ l if one of the spatial neighbors is county-level city and the
other is county, and wij ¼ 1 otherwise.
2.3.3. Spatial autocorrelation and spatial modeling
To validate the selection of spatial regressionmodel as well as to

achieve the manifestation of spatial patterns, we employ Moran's I,
a spatial autocorrelation metric that measures the degree of urban
decentralization (Moran, 1950; Torrens, 2008). It is defined as

Moran0sI ¼

0
BBB@

nPn
i¼1

Pn
j¼1 wij

1
CCCA

0
BBB@

Pn
i¼1

Pn
j¼1 wijðxi � xÞðxj�xÞ

Pn
i¼1 ðxi � xÞ2

1
CCCA

(3.6)

where n is the number of observations in the landscape which is 48
in our case study, xi is the value of NAPD or ULPin the ith county, xj is
the value of NAPD or ULP for count yj, x is the mean value, and wij

registers the adjacency between parcel i and j, being the rook
contiguity option in our case (LeSage, 1999, LeSage & Pace, 2008).

Spatially explicit regression models can be categorized as either
spatial autoregressive models or locally linear spatial models
(Crowley, 2012; Hays, Kachi,& Franzese, 2010). In the first category,
we chose the spatial lag model (SLM), which takes spatial auto-
correlation into account as an explanatory variable. The objective of
our study is to explore the influences of different administrative
combinations at the county level on urbanization. In this sense, the
spatial lag model show superiority because it only considers the
county, their interaction is more powerful
ent to county, their interaction is more powerful
county-level city, their interaction is more powerful
ent to urban district, their interaction is more powerful
ent to county-level city, their interaction is more powerful
jacent to county-level city, their interaction is more powerful



Fig. 4. Illustration of the construction of spatial weight matrix in six scenarios.
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neighboring effect for the dependent variable－land-dominated
urbanization, which is suitable in this study. For the n counties and p
explanatory variables, a general form for the SLM is given in Eq.(6)

Y ¼ rWY þ Xbþ ε ε � N
�
0;s2In

�
(3.7)

whereX is an N � p matrix of explanatory variables, where p is the
number of independent variables. W is an N � N spatial weight
matrix, and ε is the error. In our case, N equals to 48 and pis three
which refers to PGDP, PFAI, PRJ. W is defined in a flexible fashion
which is corresponding to the six scenarios described above.

3. Results

3.1. Urbanization in Wuhan agglomeration

Through the stepwise regression for population based and land
oriented urbanization, it is found that DPI and PFI are two primary
factors accounting for the change in urban population whereas
PGDP, PFAI, DPI and PRJ are revealed to be the driving forces
attributed to the urban land area change. As a result, we further
explore the spatial pattern of these dependent and explanatory
variables.

Fig. 5 illustrates the spatial pattern of NAPD, ULP, PGDP, DPI,
PFAI, PFI and PRJ where high values generally clustered in the city
center with the exception of PFAI. Generally, counties in the city
center and in the southeastern periphery are filled with more non-
agricultural population and urban land. Urban districts and county-
level cities primarily have higher values of NAPD, ULP and PGDP,
which indicates the higher level of urbanization and socio-
economic development. Conversely, counties in the outer ring of
Wuhan agglomeration have the least value of PRJ which implies the
underdeveloped road network. The spatial autocorrelation has also
been identified in all these attributes; the values of Moran's I are
0.5626, 0.4289, 0.5496, 0.7296, 0.4148, 0.5471and 0.5957 for NAPD,
ULP, PGDP, DPI, PFAI, PFI and PRJ respectively. Both the distribution
of urban population and land follows a more regionalized pattern,
which validates the potential application of spatial lag model in
exploring both the population-oriented and land-centered
urbanization.

The first three subplots in Fig. 6 are the scatterplots between
NAPD and the three explanatory variables (DPI, PFI). The correlation
coefficient between NAPD and DPI is the highest (0.907) and it is
0.741 between NAPD and PFI. The last three subplots in Fig. 6 are
the scatterplots between ULP and the explanatory variables (PGDP,
PFAI, DPI, and PRJ). Similarly, PFAI is the most highly correlated
factor with the correlation coefficient of 0.849 and PGDP is the least
(0.763). The correlation coefficients between ULP and PFAI, DPI, PRJ
are closely followed with the value all above 0.8. The three types of
relationships are also established among these variables: linear
type (NAPD and DPI), exponential type (ULP and PGDP, ULP and
DPI) and logarithm type (NAPD and PFI, ULP and PFAI, ULP and PRJ).
It is revealed that the pushing force of income is continuous
whereas the foreign the influence of investment on urban popu-
lation would rise and then reach a plateau. The change of urban
land is largely attributed to the increase of GDP and income with
exponential forces and the effects of fixed asset investment and the
road network on urban land similarly stagger when developed to a
certain level.

3.2. Institutional influence in different scenarios

Table 2 shows the modeling results of population-oriented and
land-centered urbanization with variable coefficient, z-probability,
R2 and DurbineWatson test (DW). The scenario of OLS refers to the
traditional regression using Ordinary Least Square and Scenario
0 embraces the spatial weight with general rook contiguity option
regardless of change on administrative status/level. With respect to
population-oriented urbanization, both DPI and PFI are positively
correlated with NAPD and DPI is more powerful to determine the
non-agricultural population density. For land-centered urbaniza-
tion, all these three factors are positively correlated with ULP
except for PRJ. PFAI is the most powerful factor in explaining the
urban expansion whereas PGDP is the least one. The R-square is
higher in land-centered urbanization modeling and the result of
DW test indicates the possibility of spatial autocorrelation in it. As a
result, we applied the established scenarios in the aforementioned
Table 1 to explore the institutional influence on urban land change.
The casual influence and the accuracy vary slightly in different
scenario and we list them in Table 3.

It is revealed that PGDP is more positively correlated with ULP
when urban district is adjacent to county-level city and it is fol-
lowed by the scenario when these two neighbors are urban district
and county. Coefficient for PFAI is the largest in Scenario 2 which
means the greatest influence emerges when the spatial neighbors
are urban district and county, and the least influence come to the
combination of urban district and county-level city. DPI has the
most powerful influencewhen the spatial neighbors are both urban
districts. In terms of PRJ, the most negatively correlated influence
appears inwhen the spatial neighbors are urban district and county
and the least comes to the situation that urban district is adjacent to
urban district. The spatial autocorrelation effect is significant in all
these scenarios. When urban district is adjacent to county-level
city, the land dominated urbanization is more likely to appear,
flowered by the condition that urban district and county are
coterminous.

It is found that spatial modeling weakens the positive influence
of PGDP, PFAI, DPI and the coefficients for PGDP and the spatial lag
coefficient are the highest when the neighbors are urban district
and county-level city, and the lowest when two urban districts are
adjacent to each other. R2 is higher in spatial modeling when urban
district is adjacent to county which implies a higher possibility of
urban expansion in this situation. When county borders upon
county, this likelihood is attenuated.

3.3. The magnitude of institutional influence

Based on the analysis in Section 4.2, it is revealed that the spatial
interaction appear higher when county-level cities are adjacent to
urban districts in the process of land-oriented urbanization (sce-
nario 5). Hence we further explore how the causality and the fitting
effect vary along with the magnified scale (l) (Fig. 7). The produced
variations are generally divided into the ascending and descending
groups. The ascending group refers to the positive increasing



Fig. 5. Spatial distributions of NAPD, ULP, PGDP, DPI, PFAI, PFI and PRJ (these are quantile maps with the first two as the urbanization indicators and the last three as the inde-
pendent variables).
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Fig. 6. Scatterplots between urbanization indicator and explanatory variables (the first three sub-maps are the scatterplots between NAPD and its explanatory variables; the last
three sub-maps are the scatterplots between ULP and its explanatory variables).
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relationship, where the coefficient of PGDP, the constant term and
the spatial factor as well as R-square all falling into this category. In
particular, the coefficient of PGDP, the constant term and the spatial
factor all present logarithmic growths along with the increase of l.
It implies that PGDP has more influence on urban expansion when
the spatial effects between county-level city and urban district are
amplified. Yet the magnitude of these influences tends to be stable
when l reaches to a certain level. On the contrary, the coefficients
of PFAI, DPI and PRJ as well as AIC demonstrate negative decreasing
relationships. The influence of PFAI and DPI on its neighbors



Table 2
Regression in OLS.

NAPD ULP

Variable Coefficient Z-probability Variable Coefficient Z-probability

DPI 0.7760 0.0000 PGDP 0.2816 0.0000
PFI 0.1817 0.0000 PFAI 0.8519 0.0000

DPI 0.4141 0.0000
PRJ �0.4988 0.0000

R2: 0.8385 DW: 2.001 R2: 0.8628 DW: 1.618
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declined with a logarithmic pattern when we amplified the spatial
effect and the coefficient is also stable when lreached around 18.
The influence of PRJ peaks when l equals to 3, with the following
declining trend with slight fluctuations.
4. Discussion and policy implication

We extend our discussion by digging beneath the population-
oriented and land-centered urbanization process and the under-
lying driving forces that have important policy implication-relating
to institutional framework, economic and urban planning, and
socio-economic development.

First, as stated before, urbanization in China has been closely
associated with urban sprawl, rural migration a nd the role of
government has been more direct and powerful in setting it in
motion (Abu & Hay, 2013; Seto et al., 2012). For example, 13
development zones have been established in Wuhan metropolitan
area in the past 20 years and the area of Jian ChengQu (JCQ) has
grown from 180 to 500 km2in the period from 1985 to 2010 ac-
cording to the Wuhan Statistical Yearbook 2013 (Zeng, Liu, Stein, &
Jiao, 2015). JCQ is defined as the area affected by construction in
urban areas and has been collated and reported by NBSC (Socio-
economic Statistical Yearbook for China's Counties and Cities) since
the early 1980s (Deng et al., 2010). However, the expanding urban
area is mostly around the periphery of the city center, while other
cities or towns in urban agglomeration lag behind to a great extent
(Ali & Zhao, 2008; Wang et al., 2013). Moreover, there is a sub-
stantial proportion of floating population in urban areas with rural
Hukou inWuhan in the context of dual-track household registration
system, though not as striking as the rural migration in Beijing and
Guangzhou (Chan, 2010a,b, 2012). Without urbanized identifica-
tion, most of them are accommodated in “chengzhongcun”or
ghettos and have been segregated in the city, which contributed to
the high population density in the city center whereas remarkable
discrepancy emerges in other counties (Henderson, 2010). A policy
implication to address these problems is that, as the new-type
Table 3
Spatial modeling in different scenarios.

Scenario PGDP PFAI

Scenario 0 Coefficient 0.2483 0.8453
Z-probability 0.0070 0.0000

Scenario 1 Coefficient 0.2488 0.8452
Z-probability 0.0070 0.0000

Scenario 2 Coefficient 0.2491 0.8482
Z-probability 0.0064 0.0000

Scenario 3 Coefficient 0.2484 0.8458
Z-probability 0.0069 0.0000

Scenario 4 Coefficient 0.2455 0.8451
Z-probability 0.0088 0.0000

Scenario 5 Coefficient 0.2552 0.8418
Z-probability 0.0047 0.0000

Scenario 6 Coefficient 0.2484 0.8454
Z-probability 0.0070 0.0000
urbanization planning implies, the inter-urban development and
the advancement of urban agglomeration are expected to be
strengthened, at finer scales such as county in particular (UNP,
2014). There should also be greater scope to control urban sprawl
and balance the socio-economic development among different
counties through the intervention of the stronger hand tiers of
government (Yang, Song, & Lin, 2014).

Second, urbanization in China has been driven by socio-
economic and transportation development, and realized by insti-
tutional adjustment in many cases. Institutional restructuring in
China involves entrepreneurial commitment by local government
to competitiveness yet with reduced balancei n resource allocation
and welfare provision (Lin & Yi, 2011, Lin, Li, Yang, & Hu, 2014). In
Wuhan agglomeration, counties have experienced administrative
adjustments involving boundary change and change in the status/
level, with the latter one seldom been recognized and investigated
(Xu, 2012). We then raise the question: how the changes in
administrative status/level influence urbanization process and
what the magnitude is as discussed in the first section. The results
of spatial regression confirmed that 1) the factors-PGDP, DPI, PFAI,
PFI and PRJ are correlated with urbanization with DPI the most
powerful in population based type and PFAI in land oriented one; 2)
the influences of different administrative status exist and when
county-level city and urban district are adjacent, urban area has
higher probability to expand. This in turn affirms the effect of
administrative change as we introduced that county-level city is
generally the county with higher degree of urbanization than and
county. It also provides theoretical basis to determine whether
certain counties are supposed to be upgraded or transformed to
county-level city or urban districts as the administrative adjust-
ments such as the aforementioned“converting counties to county-
level cities (xiangaishi)” and “transforming counties to urban dis-
tricts (chexian she qu)” have been popularized in recent years
(Chien, 2013). We further examine the magnitude of administrative
influence on the driving factors and fitting effect in the scenario
with urban district and county-level neighbors. This result would
be beneficial for policy-makers to make priorities for curbing urban
expansion and make decisions on socio-economic restructuring
and transportation construction to advance urbanization.

Thirdly, as implicated in the new urbanization planning, the
spatial interaction of counties has been essential to realize the
regional urbanization (UNP, 2014). The changing urban structure in
Chinese cities did not follow the Western theory that posited
market-driven and spontaneous growth. Institutional fragmenta-
tion and administrative hierarchy have increasingly functioned
with the adoption of a land leasing system and the growing
importance of local government power (Chung, 2008).
DPI PRJ S (spatial factor)

0.2827 �0.5067 0.2970
0.0212 0.0072 0.0289
0.2832 �0.5057 0.2929
0.0222 0.0073 0.0320
0.2784 �0.5125 0.3090
0.0218 0.0064 0.0213
0.2833 �0.5075 0.2960
0.0203 0.0071 0.0280
0.3055 �0.5026 0.2550
0.0133 0.0083 0.0599
0.2592 �0.5063 0.3340
0.0334 0.0065 0.0118
0.2831 �0.5068 0.2960
0.0210 0.0072 0.0297



Fig. 7. The variation of the coefficients and accuracy indicators with the magnified factor l in population-oriented modeling.
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Nevertheless, traditional spatial modeling takes the “pure” spatial
relation such as adjacency or distance to measure the spatial
interaction of counties rather than investigating into their admin-
istrative relation. The emergence of diversified types of counties
such as urban districts and county-level cities has further pressed
the necessity to embed administrative influence in spatial regres-
sion. This has implications for the driving mechanism of inter-city
development as well as the institutional settings at the county
level in urban agglomeration. In the future, apart from adminis-
trative influence, different spatial correlation factor such as acces-
sibility, social network in the process of urbanization are also in an
anticipation to be included to provide reference for policy-makers
to strengthen the regional amalgamation in an all-around manner.

5. Conclusions

In the context of the proposition of the new-type urbanization
in China, we decompose and measure urbanization from
population-oriented and land-centered respects as well as unfold
the underlying driving forces using Wuhan agglomeration as the
case. The major contributions lie in the gauge on administrative
influence, to be more specific, the status of urban district, county-
level city and county, through incorporating different spatial
weight matrix in different scenarios. To be concluded, it is revealed
that 1) both non-agricultural population and urban land exhibit
significant spatial autocorrelation and the superiority in the city
center is evident; 2) socio-economic development and trans-
portation construction significantly influence urbanization
whereas the fixed asset investment accounting for a large propor-
tion being the most powerful factors; 3) different administrative
status at the county level is an unneglectable factor and urban area
has higher probability to expand when county-level city and urban
district are adjacent; 4) the magnitude of this administrative status
influence generally grows to a certain level and then reaches to a
plateau. These findings provide theoretical basis for understanding
the administrative dimension in new-type urbanization and have
important policy implications on administrative adjustment and
urban agglomeration.
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