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Abstract: Municipal district adjustment and built-up area expansion are two main forms of urban spatial expansion. Using geometric
methods, this study constructed a space-time path method to characterize the space-time relationship between municipal district adjust-
ment and built-up area expansion, and drew the space-time path sets of major prefecture level cities from 2000 to 2010 by constructing a
coordinate system of the standardized built-up areas and municipal district areas. This divided them into four quadrants, namely, H-H,
L-H, L-L, and H-L, based on the relative mean value to evaluate overall and individual stability by three indexes of the trajectory vec-
tors, namely, direction, length, and slope. Results provide the following conclusions. 1) Municipal district adjustment is an effective
spatial expansion way for city-scale promotion in China. Since 2000, municipal district adjustments have been mainly distributed in the
eastern coastal regions and mid-western capital cities along with their surrounding cities. 2) Municipal district adjustment affects the
scale and status of a city in China. Many cities that have expanded municipal districts behave stably and cross quadrants. 3) Great ma-
jority second-tier cities have effectively promoted their scale and status through municipal district adjustment. The municipal district
adjustment of medium and small cities in the mid-west area is relatively advanced compared with city development. 4) Municipal dis-
trict adjustment with minimal magnitude is severely restricted from upgrading the scale and status of a city. The transformation from
entirely incorporated counties or cities to municipal districts should be the mainstream in future municipal district adjustment.
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1 Introduction

China is undergoing rapid urbanization. From 2000 to
2010, the population urbanization rate of China in-
creased from 36.22% to 49.68%, with an average annual
growth rate of 1.35%. Simultaneously, Chinese cities
entered a period of rapid spatial expansion. For one
thing, urban built-up areas have sprawled rapidly, and
new towns have been built in various places. According
to data from the China City Statistical Yearbook, the
average area of built-up areas in the municipal districts
of prefecture and higher level cities increased from
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61.68 km? to 110.68 km? within 10 years, with an aver-
age annual growth rate of up to 6%. For the other thing,
municipal districts have expanded actively, and admin-
istrative division adjustment has spread by establishing
districts with revoking counties as the typical way. The
average area of administrative regions in the municipal
districts of prefecture and higher level cities increased
from 1677.66 km? to 2190.15 km? within 10 years, with
an average annual growth rate of nearly 3%. Under the
current strict land policy in China, these drastic urban
spatial expansion phenomena, along with their corre-
sponding rationality and regional effect, have become

Foundation item: Under the auspices of National Natural Science Foundation of China (No. 41371178, 41471126)

Corresponding author: Qi Wei. E-mail: qiwei@igsnrr.ac.cn

© Science Press, Northeast Institute of Geography and Agroecology, CAS and Springer-Verlag Berlin Heidelberg 2017



166 Chinese Geographical Science 2017 Vol. 27 No. 2

the focus of academic circles and government depart-
ments (Zhou, 2006; Dai et al., 2010). Current studies
have asserted that urbanization in China has lost control
of sprawl development and spatial expansion, which is
called ‘rash advance’ urbanization (Lu and Yao, 2007).
At the theoretical level, Liu ef al. (2008) categorized the
spatial patterns of land use change in cities into histori-
cal form pattern, regional economic pattern, deci-
sion-making behavior pattern, and political economy
pattern. Meanwhile, various forms of urban spatial ex-
pansion can be divided into three growth types: simple,
distributed, and structured. Fractal theory and the cellu-
lar automaton model (Batty et al., 1997; Batty, 1998), as
well as the rank-size rule (An et al., 2012), were also
introduced to the research on built-up area expansion.
Scholars explored administrative division and its deriva-
tive effect (Zhen et al., 2010; Guo et al., 2014), and
consequently, administrative division adjustment and
urbanization effect were proposed. Administrative divi-
sion adjustment patterns can include revoking a county
and establishing a municipal district, establishing a new
municipal district, merging several municipal districts,
and expanding an existing municipal district, among
others (Qu, 2012). Adopted research methods have
mainly been summaries (Wang and Chen, 2011).
Built-up areas (physical areas) and municipal districts
(administrative areas) are important carriers of the new
type of urbanization. Zhou and Shi (1995) conducted
extensive research on establishing a physical urban area
in China. In summary, most current studies have mainly
focused on built-up area expansion and administrative
region expansion (Hu and Luo, 2015); however, com-
prehensive studies on both types of expansion remain
rare, particularly research on spatial relationship. Mu-
nicipal districts expansion provides land for built-up
area expansion and urban development, and built-up
area expansion has become a requirement and the driv-
ing force of municipal districts expansion. Determining
whether a municipal districts and a built-up area, along
with their alteration, are identical or reasonable at the
national level is beneficial to understand the current
situation and problems of urban spatial expansion in
China.

As an administrative means, administrative division
adjustment can change the scale of urban space to sat-
isfy the demands of city-scale expansion. With the ex-
pansion of a municipal district, built-up area expansion

can be categorized into three types: a new built-up area
in the original municipal district, the original built-up
area in a new municipal district, and a new built-up area
in a new municipal district. Thus, both municipal district
area and built-up area increased. However, it does not
mean the rank of the city size could be upgraded abso-
lutely because that the municipal district area and
built-up area of others cities also increased at the same
time. Sometimes the rank of city size could be up-
graded. But sometimes it even degraded. And municipal
district area in some cities may be stable but the actual
built-up area increases, which also upgraded the rank of
city size. Therefore, selecting an appropriate method to
analyze the relationship between municipal district ad-
justment and built-up area expansion is necessary.

On the basis of the aforementioned situations, this
study constructs a space-time path that can reflect
changes in municipal districts and built-up areas to es-
timate and analyze the space-time relationship of the
municipal district adjustment and built-up area expan-
sion of Chinese cities using a geometric method (Wang
et al., 2005; Li and Sun, 2007; Qi and Wang, 2010; Shen
et al., 2010; William, 2011; Yi, 2011). Prefecture and
higher level cities are selected as research objects be-
cause the spatial expansions of these cities are the most
remarkable since 2000. By analyzing the recent spatial
distribution pattern of the municipal district adjustment
and built-up expansion of China, this study classifies the
types of urban expansion based on their relationship and
discusses existing problems and factors to provide a
reference for the research and practice of urban space
regulation and administrative division adjustment.

2 Data and Methods

2.1 Data sources and data processing

The research objects are prefecture cities and national
municipalities between 2000 and 2010. With the view-
point of expansion types of municipal districts, this re-
search focuses on 262 cities, and Suizhou has taken out
for its decreasing municipal districts. The geographic
information data were obtained from the Data Sharing
Infrastructure of Earth System Science of the Chinese
Academy of Sciences at a scale of 1 : 1 000 000 be-
tween 2000 and 2009, which was the Albers equal-area
secant conic projection-based county administrative
map. The data were checked by referring to the Admin-
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istrative Division of the People’s Republic of China. We
modified the 2009 administrative map into that for 2010
and adopted it as the research base map. The built-up
area data were based on the 1 km x 1 km land use grid
data between 2000 and 2010, which were provided by
the Data Center for Resources and Environmental Sci-
ences of the Chinese Academy of Sciences. The spatial
database construction and operations were processed
using the software package ArcGIS. Data mainly in-
cluded the distribution and area, as well as the built-up
area and its distribution, within the scope of the mu-
nicipal district of each city between 2000 and 2010.

2.2 Space-time path method
To characterize the space-time dynamic process of re-
gional economic development, Rey and other scholars
introduced several measurement ways to evaluate
space-time path and space-time stability when building
the space-time evolution path of LISA using spatial
autocorrelation characteristics (Anselin and Rey, 1991;
Rey, 2004; Rey and Janikas, 2006). The present study
constructs a space-time path using both its overall and
individual stability to characterize the space-time stabil-
ity of the municipal district adjustment and built-up area
expansion of cities. A method, which is similar to Rey’s
T-LISA method, is put forwarded to identify the
space-time process of city-size rank and scale in China.
The specific methods are described as follows.

Firstly, both municipal district area data and built-up
area data should be normalized using the Z-score stan-
dardization method. The equation is as follows:

. X— U
= l
X 5 (1)

where x represented the standardized value, x is the
original value, u is the mean value of all data and ¢ is
the standard deviation of all data. The normalized value
described the relative grade of municipal district area or
built-up area in different cities. If the normalize value is
above 0, it means municipal district area or built-up area
of a city is bigger than national average value. While if
the normalize value is below 0, it means municipal dis-
trict area or built-up area of a city is smaller than na-
tional average value. And cities could be divided into
four static types.

(1) H-H Type: the municipal district area and the
built-up area are both higher than the national average.

(2) L-H Type: the municipal district area is lower
than the national average, but the built-up area is higher
than the national average.

(3) L-L Type: the municipal district area and the
built-up area are both lower than the national average.

(4) H-L Type: the municipal district area is higher
than the national average, but the built-up area is lower
than the national average.

Secondly, a Cartesian coordinates should be given.
The x-coordinate is stand for the normalized value of
municipal district area and the y-coordinate is stand for
the normalized value of built-up area. Thus, each city
has a point in this coordinates in a year. Four static types
are corresponding to four quadrants in this coordinates.
And for n years, each city has »n points in this coordi-
nates.

(1) Overall stable H-H type: a city that keeps H-H
type in different years.

(2) Overall stable L-H type: a city that keeps L-H
type in different years.

(3) Overall stable L-L type: a city that keeps L-L type
in different years.

(4) Overall stable H-L type: a city that keeps H-L
type in different years.

(5) Overall unstable type: a city whose static type
changed during a period.

Thirdly, the trajectory vectors could be drawn for
each city in the Cartesian coordinates. As shown in
Fig.1a, each city has different points in different years in
the Cartesian coordinates. The points could be con-
nected chronologically, which forms a temporal line for
a city. Different cities have different temporal lines.
Those lines could be regarded as trajectory vector. For a
period (z, t+1), each city will have a section of temporal
line or trajectory vector. As shown in Fig. 1b, putting the
starting point of each trajectory vector during the period
(¢, t+1) at the coordinate origin, the relative Cartesian
coordinates will be formed. slope | k' | means the main
factor that causes point change is municipal district area
change or built-up area change. If | &' | <1, it indicates
municipal district area change is the main factor; If | £’ |
>1, it indicates built-up area change is the main factor.
According the direction and slope | &' | of the temporal
line during the period (¢, t+1), the cities could be di-
vided into four local dynamic types.

(1) Type I: H-H direction and | ¥ | > 1. Both the
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rank of municipal district area and built-up area up-
grade. But comparing to municipal district area, the
built-up area upgrade more or similarly. This type shows
that the municipal adjustment enhanced the city size
grade in the country. And the adjustment efficiency is
powerful.

(2) Type II: H-H direction and | k' | < 1. Both the
rank of municipal district area and built-up area up-
grade. But comparing to built-up area, the municipal
district area upgrade more. This type also shows that the
municipal adjustment enhanced the city size grade in the
country. But the adjustment efficiency is lower than
Type L.

(3) Type IlI: H-L direction. The rank of municipal
district area upgrades while the rank of built-up area
degrades. It means the municipal district adjustment is
relatively ineffective.

(4) Type IV: L-H and L-L directions. The municipal
district adjustment does not play a positive role for
built-up area expansion.

Those cities that do not have any municipal district
administrative adjustment could also be any type above.
Our research focuses on those cities that have municipal
district administrative adjustment to explore the effi-
ciency of administrative adjustment for city-size rank.

3 Results and Analysis

3.1 Basic patterns of municipal district changes in
China for the past 10 years
As shown in Fig. 2, the changes of municipal district
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Fig. 1 Sketch map of space-time trajectory method

and national municipalities from 2000 to 2010 mainly
include three types. 1) The municipal district area is
expanded. For example, Nanjing revoked Pukou District
and Jiangpu County to establish Pukou District and re-
voked Dachang District and Liuhe County to establish
Liuhe District. 2) The municipal district area is reduced.
For example, several townships of Zengdu District were
set aside to establish Sui County. 3) New prefec-
ture-level cities are established and new municipal dis-
tricts are set up. For example, Zhangye Prefecture and
Zhangye County were revoked to establish Zhangye
City and Ganzhou District. The first and third types
were the two main types. For spatial distribution, pre-
fecture-level cities that newly established and municipal
districts that newly set up were mainly distributed in the
northwest and the southwest, and municipal district ad-
justments were mainly distributed in the coastal regions
and in the middle or western central cities. Evidently,
the administrative division adjustment continued to pre-
fecture-level administration from 2000 to 2010 in China.
Prefecture-level city was gradually replacing adminis-
trative district which was established to manage cities
and counties in its jurisdiction by provincial government
in the western region, which was slightly lagging behind
compared with the eastern and central regions. In these
later regions, particularly the Yangtze River Delta, the
Pearl River Delta, the Beijing-Tianjin-Hebei Region,
and provincial capital cities, municipal district adjust-
ment had become an important way for city spatial ex-
pansion to meet the demands of the urban social and
economic development.
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Municipal
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b. Relative standardized coordinate system
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There are about a quarter of the 262 cities which have
conducted municipal district adjustment. Expansions
mainly occurred in nearby areas. The main forms in-
cluded establishing districts by revoking counties (e.g.,
Daxing County was revoked to become a municipal dis-
trict of Beijing) or acquiring parts of areas from nearby
counties (e.g., Lianyungang). However, the extents of
expansion significantly differ among cities. A new mu-
nicipal district area with 10 cities is now 10 times larger
than its original area, and Foshan is the largest among
these cities. A new municipal district area with 44 cities
(approximately 70% of all the cities) is now twice its
original area. Most of the municipal districts of these
cities clearly expanded at a large scale and amplitude.

3.2 Overall stability of municipal district adjust-
ment and built-up area expansion in China from
2000 to 2010

By adopting the Z-score standardization method, we
processed the data of the municipal district area and the
built-up area of the 262 cities between 2000 and 2010
and drew the space-time trajectory sets over this pe-
riod. The number and change of each type were counted

Legend
B Manicipal districts in 2000
[ | Expanded manicipal districts from 2000 to 2010
[ New manicipal districts from 2000to 2010
1 provincial boundary

(Table 1). Overall, the number and share of the four
types slightly changed from 2000 to 2010. The H-H and
L-H types were minimal, and their numbers were re-
duced twice or thrice. By contrast, the number of the
H-L type increased five times by 2010. The number of
the L-L type was 138 (the maximum) (Table 1) its share
was over 50%. Therefore, many cities had adjusted the
scope of their municipal district, but the number of
large-scale cities remained considerably less than that of
small ones. The urban grade scale system remained sta-
ble. The share of the H-L type was higher than that of
the L-H type, which indicated that the increasing num-
ber of the municipal district areas of cities was larger
than that of the built-up areas. The share of this type of
cities increased obviously in the past 10 years.

By counting the numbers of cities with municipal
district adjustment in the four types, we found that the
number of each type changed dramatically. The numbers
of the H-H type and the H-L type increased signifi-
cantly, but the numbers of the L-L type and L-H type
decreased, particularly the L-L type, which decreased from
43 to 23. These data imply that municipal district adjust-
ment affects the national scale and position of a city.

500 km

Fig. 2 Map of adjustment scope for municipal district from 2000 to 2010 in China
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Table 1 Number and classification of cities based on statistics of overall stability
Number and share in 2000 Number and share in 2010
fype Total Municipal district adjustment Total Municipal district adjustment
H-H Type 35 (13.36%) 9 (3.44%) 32 (12.21%) 17 (6.49%)
L-H Type 35 (13.36%) 12 (4.58%) 33 (12.60%) 11 (4.20%)
L-L Type 138 (52.76%) 43 (16.41%) 138 (52.67%) 23 (8.78%)
H-L Type 54 (20.61%) 0 (0.00%) 59 (22.52%) 13 (4.96%)

To measure the effect of municipal district adjustment
extensively, we classified the cities as stable or unstable
according to the change between quadrants. The overall
stable type consists of four subclasses, and the results
are presented in Fig. 3a. The first one is a stable H-H
type. The municipal district area and the urban construc-
tion land area of these cities are always higher than av-
erage. The primacy ratios of most of these cities are ex-
tremely high. These cities mainly include municipalities,
provincial and regional center cities, and a few re-
source-based cities (e.g., Daqing) or developed coastal
cities (e.g., Dalian, Suzhou). Among these cities, Bei-
jing, Shanghai, Guangzhou, Tianjin, and Nanjing, have
adjusted their administrative division. These cities have
high primacy ratio, and administrative division adjust-
ment further strengthens their advantages. The second
class is stable H-L type. Those cities have a relative low
level of municipal district adjustment but a relatively
high level of urbanization development, including the
provincial capital city in the central region and a few
sub-central cities in the eastern region. Some of these
cities have also adjusted their municipal district area,
but the spatial scale is relative small (e.g., Shijiaz-
huang). The majority of the cities of this type did not
adjust their administrative divisions, and these cities
should extend their administrative district appropriately
to meet their land demand. The third class is stable L-L
type. The cities of this type are mainly small and me-
dium-sized cities with weak urban competitiveness.
These cities occupy a secondary position in the urban
agglomeration system. Although many cities have ad-
justed their administrative divisions, the effect of the
expansion scales is highly limited to upgrade their na-
tional size and position. The fourth class is stable L-H
type. The urban construction land areas of these cities
are relatively low. Although they have a larger adminis-
trative area, most of these cities belong to second-tier
cities in the Chinese regional development pattern and
are mainly distributed in the central and western re-

gions, although a few are found in coastal regions. This
type of cities exhibits large-scale municipal district areas
in 2000, and a few of them have adjusted their munici-
pal districts. The existing administrative scope can fully
meet the existing demand of urban construction expan-
sion. The fifth class comprises the unstable cities, whose
type has been replaced distinctly. Most of these cities
have adjusted their municipal districts and exactly
changed their relative size and position. Some of these
cities have not adjusted their administrative; however,
their types have changed and have been influenced by
the municipal district adjustment or built-up area expan-
sion of other cities. For example, Hohhot has reduced
the level of its built-up area and its type has shifted from
H-H to H-L. In general, stable cities account for 75% of
all cities, with a few cities under H-H and L-H types.
The number of cities classified under H-L is more than
these two types, whereas the number of those under L-L
is the highest. This classification is similar to that be-
tween 2000 and 2010. The status of most of these cities
has not been affected by municipal district adjustment.
By contrast, unstable cities account for 25%, with nearly
half of them having adjusted their municipal districts.
Manifesting as stable types, most cities maintain their
original status by adjusting their municipal districts.
However, some of the cities that have changed their
status by adjusting their municipal districts are mani-
fested as unstable. Others have not adjusted their mu-
nicipal districts but their status has been changed be-
cause of the influence of other cities or the scale of their
urban construction land; these cities are also manifested
as unstable.

3.3 Local stability of municipal district adjust-
ment and built-up area expansion in China from
2000 to 2010

By placing the trajectories of the municipal district ad-
justment and built-up area expansion of all the cities
from 2000 to 2010 into the relative coordinates, we can
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Fig. 3 Classification map of city based on overall stability and individual stability in China

observe a relative change in city scale influenced by
municipal district adjustment during the aforementioned
period. The statistics are provided in Table 2, and the
changing trend is judged according to the vector direc-

tion. In general, cities with the L-L (131) and L-H (73)
directions comprise the majority. However, a few of
these cities have adjusted their municipal districts. Al-
though not many cities have the H-H (32) or H-L (26)
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directions, all of them have adjusted their municipal
districts. Municipal district adjustment effectively pro-
motes urban administrative region expansion and in-
creases the position compared with the national average.
Meanwhile, the length of the trajectory vector also re-
flects the intensity of the changes. The lengths of the
trajectory vectors of the H-H and H-L directions are
significantly longer than those of the L-H and L-L di-
rections, which are evident from the statistical data of
municipal district adjustment. Therefore, municipal dis-
trict adjustment plays an important role in changing city
scale and status. In addition, focusing on the change in
the absolute value of slope K, regardless of the type of
direction, the number of | k' | <1 types is higher. Thus,
the scale and status changes of most cities are influ-
enced by their own municipal district adjustment or that
of other cities.

Considering all three factors, we analyze the cities
that adjusted their municipal district according to the
classification standard of Types I, II, III, and IV, and the
results are provided in Fig. 3b. Type I represents cities
whose municipal district area and urban construction
land statuses evolved into higher levels, and the latter
one upgraded more. These cities need municipal district
adjustment urgently, and built-up area expansion will
remain a strong trend after administrative division ad-
justment. These cities mainly include Changzhou,
Foshan, Nanjing, Nantong, Ningbo, Panjin, Shaoxing,
Taizhou, Tianjin, Wuhu, Sugian, and Changsha. Con-
sidering their strategic locations, the social and eco-
nomic developments of these cities are in the forefront
of the entire nation or their respective region. These cit-
ies have experienced a rapid development period over
the past 10 years. Type II represents cities whose
statuses in both areas evolved to higher levels, and mu-
nicipal district adjustment area upgraded more. These
cities have effectively promoted their scale and status,
and administrative division adjustment has provided

modest development for urban construction land. These
cities have the largest number, accounting for approxi-
mately 30% of all the cities. Type III represents cities
whose municipal district area status evolved into a
higher level, but whose urban construction land area
status shifted to a lower level. Central cities such as Bei-
jing and Shanghai belong to this type. Their municipal
districts have expanded several times and are nearly
saturated at present; hence, the new adjustment does not
significantly affect urban land scale promotion. Other
cities that belonged to Type III were small and me-
dium-sized, and are mainly distributed in the central and
western regions. The demand for urban construction
land of these cities was weak over the past 10 years;
hence, expansion speed was slow. The municipal district
adjustment of this type of cities is slightly ahead of time.
Type IV represent a minimal number of cities whose
statuses in both areas evolved to lower levels; they in-
clude Bengbu, Hefei, Lianyungang, Xuzhou, Yueyang,
Zhuzhou, and so on. These cities mainly separate a few
villages and towns from nearby counties and relocate
them into their municipal district scopes; thus, the pro-
motion in scale and status of these cities is limited.
Cities without administrative division adjustment
were also affected indirectly, and they evolved toward
the L-H and L-L directions. Apparently, the different
intensities of their urban development also affected the
relative expansion capability of their urban construction
lands. Most cities with the L-L direction were small and
medium-sized, and are mainly distributed in the
mid-west and northeast regions. Their urban develop-
ments were not intense in the past 10 years. Cities with
the L-H direction were mainly located in coastal re-
gions, such as along the Yangtze River and in the Si-
chuan Basin. This study focused on cities whose mu-
nicipal districts have experienced a relatively saturated
expansion after 2000, such as Wuhan, Guangzhou,
Shenzhen, and so on. These cities tended to change

Table 2 City classification and number (statistics based on individual stability)

All cities Cities with municipal district adjustment
Changing direction A hanei A hangi
Total [k [<l K|zl Verai"’:n;;ngmg Total |k <1 k21 Veraii;ﬂ‘:“gmg
H-H direction 32 20 12 0.80 32 20 12 0.80
L-H direction 73 51 22 0.32 4 1 3 0.29
L-L direction 131 78 53 0.24 2 0 2 0.14
H-L direction 26 20 6 0.69 26 20 6 0.69
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toward the L-L direction. The expansion speed of their
urban construction land was lower than that of cities that
have established new municipal districts. A similar con-
clusion could be given for cities such as Beijing and
Shanghai, which behave as the H-L type, in terms of
urban construction land expansion.

4 Policy Implications

4.1 Intensive land use

The results show that most of the cities that adjusted
their municipal districts and evolved toward the H-H
direction are second-tier cities in the past 10 years. Their
municipal district adjustment has effectively satisfied
the demands of urban development. First-tier cities,
such as Beijing and Shanghai, exhibit the H-L direction.
Meanwhile, the cities whose municipal districts are rela-
tively saturated, such as Wuhan and Guangzhou, tend
toward the L-L direction. Their municipal district ad-
justments are close to the saturation stage. The key to
their future development involves expanding urban con-
struction land in an orderly manner and using land fru-
gally. For these cities, the elasticity provided by the new
municipal district adjustment affects urban construction
land expansion, which is also minimal.

4.2 Overall and local stability of city size in China
Analysis results show that approximately 25% of cities
have adjusted their municipal districts and expanded
city space from 2000 to 2010. For the entire country,
however, the number of cities with different statuses and
scales has slightly changed. Municipal district adjust-
ment has mainly occurred in cities distributed in the
eastern coastal region and the mid-west region, as well
as in provincial central cities over the past 10 years.
Newly established prefecture-level cities and their mu-
nicipal districts are mainly distributed in the mid-west
region. Municipal district adjustment does not occur
everywhere in China, but they are achieved in various
forms and promoted in an orderly manner. At the indi-
vidual level, however, municipal district adjustment di-
rectly influences the scale and status of a city. Many
cities that have adjusted their municipal districts are
unstable. They have converted from one type to another,
and the main evolution forms are L-H to H-L, L-L to
H-H, L-L to L-H, and L-L to H-L. They have either im-
proved the status of their municipal district area or that

of their urban construction land. The lengths of the H-H
and H-L directions are significantly longer than those of
the other directions. Municipal district adjustment has a
direct positive effect on promoting city scale and status.
Municipal district adjustment is an effective way of spa-
tial regulation to promote the city scale.

4.3 Relatively advanced municipal district ad-
justment in medium and western China.

For small and medium-sized cities whose grade scale is
lower than that in the mid-west region, although they
have adjusted their municipal districts, they tend toward
the H-L direction. Cities, which have not adjusted their
municipal districts, tend toward the L-L direction. The
municipal district adjustment of these two types of cities
slightly affects the expansion of their urban construction
land. Urban construction land expansion is essentially
built on the social and economic developments of a city,
and municipal district adjustment can only strengthen
spatial contact and provide urban reserved land. There-
fore, municipal district adjustment includes a stage,
which is a process of ‘little demand-great demand-
saturated demand’. However, considering the current
urbanization in China, with the important function to
absorb additional floating population and upgrade public
services, municipal district adjustment should develop
appropriately in advance to meet the demands of a re-
gion whose urbanization is in full swing. The municipal
district adjustment of coastal eastern and western central
cities will gradually move toward the ‘saturated de-
mand’ stage in the future. Cities that will move toward
the H-L direction should no longer have new expan-
sions. However, cities that move toward the L-H direc-
tion can be the focal point of municipal district adjust-
ment in the future.

4.4 Model of administrative division adjustment
for a county or a county level city

The result shows that the cities that separate a few vil-
lages and towns from nearby counties and place them
into their municipal district area mainly tended toward
the L-L direction. Although they have adjusted their
municipal districts, the actual effect on promoting city
scale and status is limited. However, for cities that inte-
grate a whole county or county-level city into a new
municipal district totally, the promotion effect is sig-
nificant. Thus, the form that a county or a county-level
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city totally changed into a municipal district should be
the main way for the municipal district adjustment. It is
beneficial for promoting the balanced development and
public services of urban and rural areas in the original
county or county-level city. It could also promote sub-
urbanization. If only changed several villages and towns
with good locations and economic conditions into mu-
nicipal district, the urban and rural gap could be en-
hanced.

5 Discussion and Conclusions

On the basis of two important variables, namely, mu-
nicipal district area and urban construction area, this
study proposes a space-time path visual model that de-
scribes the changes and stable characteristics of these
two variables to study the driving effect of municipal
district adjustment on the scale and status of a city. The
main conclusions of the study are as follows.

(1) China has entered an active period of rapid urban
development from 2000 to 2010. During this period,
many cities extended their municipal district areas
through administrative division adjustments to obtain
sufficient land supply. These cities were mainly located
in the Yangtze River Delta, the Pearl River Delta, the
southeast area of Fujian, and the Beijing-Tianjin-Hebei
Area, as well as the western central city and nearby ar-
eas. The newly established prefecture-level cities and
municipal districts were mainly distributed in the
mid-west region. From the perspective of administrative
division adjustment, China remains in a transition period
of development; substantial space remains available for
municipal district adjustment in 2010.

(2) By standardizing urban construction land area and
municipal district area using the Z-score method, build-
ing a coordinate system with two standardized variables,
and then drawing a space-time trajectory map of city
spatial expansion, the processing method can satisfy the
comparability of a city with other cities in China
chronologically. The result shows that the numbers of
cities in the four different quadrants changed slightly
nationwide, which reflects the stability of the city-grade
scale system at the national level. Most cities can be
classified as stable and has remained stable compared
with the national average between 2000 and 2010.
However, changes are evident in cities with municipal
district adjustment. In general, the numbers of this type

of cities in four different quadrants changed signifi-
cantly. Meanwhile, more cities can be regarded as un-
stable but have evolved to a higher status through mu-
nicipal district adjustment.

(3) Using the relative coordinates and the direction,
length, and slope of the trajectory vector as auxiliaries,
this study divided cities with municipal district adjust-
ment into four types. Cities belonging to Types I and II
were moving toward the H-H direction. These cities
continued to promote their scale and status effectively
through municipal district adjustment; they were mostly
second-tier cities with sufficient power for development
in the past decade. Urban construction land expansion
played a more important role in promoting cities be-
longing to Type I, which exhibited considerable de-
mands to adjust the municipal districts. By contrast,
municipal district expansion played a more powerful
role in promoting cities belonging to Type II. Municipal
district adjustment provided sufficient reserved land to
their city development. Cities belonging to Type III
were moving toward the H-L direction. Their municipal
district adjustment was relatively advanced compared
with city development. These cities were mostly small
and medium-sized, and located in the mid-west region.
Cities belonging to Type IV were moving toward the
L-L direction. The magnitude of their municipal district
adjustment was minimal, and upgrading the capacity to
increase the scale and status of these cities was highly
limited.

(4) According to the analysis, overall, the current
variation of municipal districts in China is stable. Mu-
nicipal district adjustment is an effective spatial man-
agement method to promote the scale of a city in China.
Corresponding to city development stages, municipal
district expansion should have stage characteristics that
behave from ‘little demand-great demand-saturated de-
mand’. The largest cities, such as Beijing and Shanghai,
are in the ‘saturated demand’ stage at present. For other
second-tier cities with rapid social and economic devel-
opments, their municipal district adjustment should be
advanced moderately to meet the demands of economic
development. Changing from entirely incorporated
counties or cities to municipal districts should become
the mainstream form of future municipal district ad-
justment. This adjustment can effectively stimulate the
scale of a city and enhance its status; it is conducive to
the long-term coordination of city development.
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Considering the geometric perspective and with the
aid of geometric research methods, this study investi-
gated the space-time relationship between urban con-
struction land expansion and municipal district area ad-
justment. This study is a novel attempt and exploration.
It demonstrates the macro-effect features of municipal
district adjustment in China and provides a reference for
administration division adjustment and city construc-
tion. However, city spatial expansion is a complex and
systematic progress. Many driving factors are behind
municipal district adjustment and built-up area expan-
sion. Carefully studying these factors through individual
cases can be the focus of future studies.
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