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Identifying City Shrinkage in Population and City Activity in
the Middle Reaches of the Yangtze River, China

Junchao Shan, F.ASCE"; Yaolin Liu, M.ASCE?; Xuesong Kong, M.ASCE?; Yanfang Liu, F.ASCE*; and
Yiheng Wang, F.ASCE®

Abstract: In the context of globalization, cities have undergone a polarization of growth and shrinkage. Urban shrinkage is typically
measured by a decrease in population. However, city activity is usually ignored. Accordingly, this study measured city shrinkage in the mid-
dle reaches of the Yangtze River based on whether city activities and population shrank from 2000 to 2010. This study drew on the Cobb-
Douglas production function using multiple big data [such as nighttime light (NTL) data, patent data, and land transaction data] to calculate a
city activity index to examine city activity. The geographically weighted regression (GWR) model was applied to explore the influencing
factors of city shrinkage. Results showed the following: (1) in the area of study, 14.87% of cities experienced population loss, considering
the city activities, an increase in the latter accounted for 57.36% in depopulation cities; (2) urban shrinkage spatial pattern presented the fea-
ture of “overall growth, local shrinkage”; (3) in the urban shrinkage regression model, urban spatial expansion and the increase in secondary
industry population were factors that aggravated urban shrinkage. The main influencing factors of city shrinkage in the regions are different
and need to be studied in-depth and meticulously in combination with the local development situation. This study plays a vital role in char-
acterizing city activities and identifying urban shrinkage while providing a reference for urban planning and policy setting. DOI: 10.1061/

(ASCE)UP.1943-5444.0000593. © 2020 American Society of Civil Engineers.
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Introduction

Globalization has led to a rapid flow of economic factors and a con-
tinuous spread of economic activities (Smith 2010). In the process of
globalization, cities have undergone polarized growths and shrink-
ages (Danko and Hanink 2018; Galster 2019; Khavarian-Garmsir
etal. 2018; Lee etal. 2018; Reis et al. 2016). The migration of capital
and industry along with a subsequent decline in employment, impov-
erishment of the population, disintegration of communities, and
other changes in the economic structure contribute to the emergence
of urban shrinkage. Urban shrinkage is the new challenge of urban
development and planning. Urban shrinkage has been proven to be
a very diverse and complex phenomenon. Some scholars described
city shrinkage as population loss (Hollander 2009), a sudden in-
crease in unemployment, an increase in abandoned houses (Rhodes
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and Russo 2013), a decline in the quality of community life, reces-
sion and social instability, or low levels of innovation and intellectual
engagement (Martinez-Fernandez et al. 2012b). Population loss is re-
garded as the core indicator of urban shrinkage (Long et al. 2015).
Existing multiple criteria describe how population shrinkage could
be defined as city shrinkage (Delken 2008; Schilling and Logan
2008; Wu and Long 2015).

City shrinkage is not an isolated phenomenon, but a growing
global concern (Zhang et al. 2019). In different local contexts,
the causes and characteristics of urban shrinkage also vary
(Grossmann et al. 2013). The shrinkage of the American rust belt
and Europe’s old industrial cities is characterized by marked pop-
ulation loss and economic decline (Pallagst et al. 2017; Schwarz
et al. 2018; Shetty and Reid 2014). Other countries such as
China have seen the shrinkage of resource-exhausted cities (e.g.,
the industrial base in northeast China), the short-term shrinkage
of industrial transformation and upgrading cities (e.g., some cities
in the Pearl River Delta and Yangtze River Delta), and the shrink-
age areas around big cities (e.g., Beijing, the capital of China). One-
third of China’s cities are experiencing population shrinkage (Long
and Wu 2016) alongside rapid urban expansions and growing
urban economic vitality (Du and Li 2017, 2018). The same paradox
in the country’s urban economy and population also occurred in
some of Germany’s cities (Bartholomae et al. 2017). These two dif-
ferent local situations illustrate key information: the uncoupling of
economic wealth and population growth (Wiechmann and Pallagst
2012), that is, economic growth was insignificantly affected by
population shrinkage in some cities (Jin and Management 2018).
Population loss is the only indicator by which to identify urban
shrinkage in the existing studies while potentially ignoring certain
socioeconomic issues (Beauregard 2009). Few studies have sought
to reveal the relationship between the changes in population and so-
cioeconomics among cities (Monsson 2014).

City activity is a necessary factor of a “successful” urban space
(Jin et al. 2017). City activity is described as the interaction
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between people and cities, that is, the activity of production and
lifestyle in the city. Lefebvre’s theory of urban space production fo-
cuses on urban activities and their frequency as a way of under-
standing the essence of urban space (Ruddick 1987). Urban
activity should be regarded as the important socioeconomic indica-
tor of identifying urban shrinkage. Additionally, some scholars
have undertaken shrinkage type identification research according
to the intensity and durativity of population loss (Alves et al.
2016; Martinez-Fernandez et al. 2016; Turok and Mykhnenko
2007), whereas attention to the prediction of possible shrinkage
in cities has been limited. Extensive studies on urban shrinkage
have typically been conducted at administrative city level, whereas
studies using big data to identify shrinking cities on urban patches
at a small scale are scant.

In this study, we first collected and processed data on a built-up
urban area, population, NTL, land transaction, and patent of 341
cities from 2000 to 2010. We calculated the values of city activities
by using the Cobb-Douglas production function. We then identified
urban types (including urban shrinkage) based on whether city
activities and population shrank or grew. GWR was chosen to iden-
tify the relationships between urban shrinkage size and influencing
variables and address spatial heterogeneity. Finally, we analyzed
the spatial distribution characteristics and the quantitative structure
of different types, which are the influencing factors affecting urban
shrinkage. This study aims to address the following issues: (1) How
does city shrinkage identification results differ when considering
the city activity? (2) What type of spatial distribution patterns do
city shrinkage present in the middle reaches of the Yangtze River
in China from 2000 to 2010? (3) Which factors affect the size of
a shrinking city, and does the degree of impact occur as spatial non-
stationary? The findings will contribute to the literature on quanti-
fying urban models and provide a reference for urban development
and planning policy setting.

This paper is structured as follows. The following two sections
discuss the study area and the necessary dataset used in the study,
respectively. The next section describes the adopted methodology.
The analysis results are described in the penultimate section. The
final section provides discussion and concluding remarks on this
study.

Study Area

In China, administrative regions are broken down and subdivided
into province—city—county—town. Cities include municipalities di-
rectly led by the nation, subprovincial cities, other provincial cities,
prefecture-level cities, and county-level cities. Within the Chinese
administrative division system, a prefectural-level city (di ji shi)
ranks below a provincial-level unit but above county-level units
[see (Chen 2016) for a comprehensive review of the Chinese plan-
ning and administrative system]. A prefectural-level city usually
comprises core urban districts and their surrounding region,
which includes districts, county-level cities, counties, towns, and/
or other subdivisions (Liu and Wang 2016). In addition, counties
and some large-scale towns are also viewed as “cities” from the
perspective of the city as a functional entity (Long and Wu
2016). Notably, this study defines cities according to the extent
of their built-up area rather than by their administrative or jurisdic-
tional boundaries. The current study area comprises the cities in the
middle reaches of the Yangtze River in central China (Fig. 1). This
agglomeration includes four provincial cities, 55 prefecture-level
cities, and 282 county-level cities, as such providing a rich sample
with which to study the growth, shrinkage, and other types of cities.
Urban development patterns that emerged between 1995-2005 and
2005-2015 vary due to different policies with different purposes
(He et al. 2017a). The current study takes 2000—2010 as its research
period to compare the cities’ different patterns of development.

Data and Processing

With the rapid development of ICT technology, substantial data-
driven urban computing and analytics have become essential in
tackling fundamental issues. This study uses data pertaining to
built-up areas and emerging geographic datasets in 2000-2010.
The latter includes China’s Population Grid Data, nighttime light
data, land transaction data, and patent data. Fig. 2 shows the sam-
ples of data processing.
1. Built-up urban area data (Chinese Academy of Sciences 2010b).
Urban built-up areas were extracted from the National Land
Use/Cover Database (NLUD-C). The verified NLUD-C
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Fig. 1. Cities in the middle reaches of the Yangtze River in 2010.
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Fig. 2. Data processing samples.
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classification accuracy is over 90% (Tan et al. 2014). Built-up
areas with an area of less than 3 km?® were generally considered
rural residential areas (Yang et al. 2015), which were not within
the scope of the study area and were thus removed.

. Population distribution data (Chinese Academy of Sciences

2000, 2010a). LandScan High Resolution Global Population
Dataset (Dobson et al. 2000) estimates population distributions
at a 30 x 30 arc-second (<1 km) resolution. China’s population
grid data (CAS) have been generated using a multifactor weight
distribution method that comprehensively considers land use
type, residential density, and other factors.

Within the study area, the authors aggregated LandScan and
China’s population grid data to the county level, using China’s
census data (National Bureau of Statistics 2001, 2011) as a basis
for testing. Spearman correlation coefficient assesses how well
the relationship between two variables can be described by
using a monotonic function and is appropriate for continuous
and discrete variables, including ordinal variables. It was used
to test the correlation between LandScan, China’s population
grid data, and China’s census data. In the test, if the correlation
was significant, LandScan, and China’s population grid data
could be considered reliable. From the results of the Spearman
correlation coefficient test (Fig. 3), the correlation between Chi-
na’s population grid data and the census data was slightly higher
than the correlation between LandScan and the census data.
Therefore, the authors used China’s population grid data in
2000 and 2010 to describe population agglomeration and diffu-
sion features. Evidently, the outliers of China’s population grid
data were truncated.

3. NTL data are used to represent the capital and population activ-

ities (National Centers for Environmental Information 2014).
One study detected urban centers and their spatial structure
with NTL remote sensing, which is represented as a continuous
mathematical surface of human activity (Chen et al. 2017b).

04020027-3

One study aimed to investigate the potential of NTL data in
modeling GDP through a case of China and reveals that NTL
data can be a powerful tool for modeling socioeconomic indica-
tors (Shi et al. 2014). Previous research confirmed that the cal-
ibrated NTL products that act as a single indicator are effective
in reflecting the spatial variations of capital, population activity
intensity, and density. We obtained the global radiance cali-
brated NTL products from the National Geophysical Data Cen-
ter at the National Oceanic and Atmospheric Administration.
The resolution of NTL data is 30 arc seconds. Referring to the
previous paper (Chen et al. 2017a), we processed the NTL data.

. Land transaction data. Land market transaction data were used

to reflect the intensity of land trading activity. Land transaction
types include land mortgages, land transfer, and land leases.
Assuming that all costs and benefits (including nonmonetary
forms) are fully internalized within a land market, using differ-
ent types of land transactions was deemed reasonable as indica-
tors of different types of city activities.

. Patent data were used to characterize the level of urban inno-

vation activity. Innovation and knowledge economies are
local development engines and nodes in globally networked
agglomerations (Martinez-Fernandez et al. 2012a). Patent
data were drawn from the website (China State Intellectual
Property Office 2000, 2010), whereby locating the source of
the inventors’ registered patents and then visualizing these ad-
dresses on the map were possible. A spatial aggregation anal-
ysis was conducted for land transaction data and patent data in
2000 and 2010 using the Kernel Density toolbox in ESRI
ArcGIS [a geographic information system (GIS) software;
for more introduction about the function of ArcGIS, refer to
https:/desktop.arcgis.com/en/]. A high-density value increases
the vibrant tendency of the land transaction activities or patent
applications.
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Fig. 3. Scatter diagram for the LandScan and China’s population grid data: (a) the correlation between China’s population grid data and China’s
census data in 2000; (b) the correlation between LandScan and China’s census data in 2000; (c) the correlation between China’s population grid
data and China’s census data in 2010; and (d) the correlation between LandScan and China’s census data in 2010.

Methods

The study follows the logical research framework on urban shrink-
age consisting of data input urban shrinkage identification, pattern
study, underlying driving forces, and planning and policy setting
suggestions (Fig. 4). Specifically, the authors drew on the Cobb-
Douglas production function using multisource big data in calculat-
ing a city activity index to examine aspects of the state of city
activity. With the zonal statistics tool in ArcGIS, a mean statistic
is calculated for each built-up area patch based on values from
city activity or population grid data. Then, the study measures
urban shrinkage based on the changes in population and city activ-
ity from 2000 to 2010. Ultimately, the GWRs for urban shrinkage
were established to explore the shrinkage-influencing mechanism.

City Activity Index

This study constructed a city activity index to characterize the in-
tensity of urban activities. Capital, labor, land, technology, and in-
formation were considered the elements of productivity. Thus, the
authors calculated our city activity index by inputting the above
factors into production functions. The authors referenced the idea
of the Cobb-Douglas production function, which is a mathematical
economic model used to calculate the production value of indus-
tries or enterprises. The parameters in the function are related to
the economic significance of the variables, and the variables’ val-
ues can be linearized by taking logarithms. The Cobb-Douglas pro-
duction function can also be introduced into the calculation of
urban space production. The intensity of city activities was evalu-
ated using Eq. (1), denoting that city activities tend to be vibrant,
with several people living there and with high capital and land
and innovation activities aggregating there.

A = POP_CAP**LAND/*INNO* (1)
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The authors then performed a logarithmic function conversion for
Eq. (1) to obtain Eq. (2), in which every data item was standardized.
In addition, if a certain item is zero, it will not cause the city activity
index to be zero in Eq. (2).

Act=lg A = alg (POP_CAP) + lg (LAND) + 4 1g (INNO) (2)

where Act = the city activity index; POP_CAP = capital and popu-
lation activities; LAND = land trading activities and INNO innova-
tion activities; a, B, u = the respective elastic coefficients of NTL,
land transaction, and innovation. Under the condition of constant
returns on scale, o+ fB+u=1. The a, §, 1 values can be weighted
values correspondingly assigned to the nighttime light data, land
transaction data, and innovation, indicating the relative importance
of each item in the urban space production process. The authors re-
ferred to several relevant studies (Tang et al. 2005) and assigned «,
B, u to denote 0.5, 0.25, and 0.25, respectively.

Identification of City Shrinkage

The city activity change refers to changes in innovation, capital,
and land transaction activities. Therefore, urban growth during a
specific period of [#y,, #;] was expressed using the following
equations:

APop; =Pop; ,; — Pop; 4 3)

AACti = ACti_tl - ACti_to (4)

The shapes and boundaries of the built-up area were kept con-
sistent with built-up area in 2010. Here, APop, = the population
change in the i-th built-up area from ¢, to ¢;; Pop; ,; = the popula-
tion mean in the i-th built-up area of #;; Pop; ,, = the population
mean in the i-th built-up area of 7y; AAct; = city activity index
change in the i-th built-up area from 7, to #;; Act; , = the city

J. Urban Plann. Dev.

J. Urban Plann. Dev., 2020, 146(3): 04020027



Downloaded from ascelibrary.org by SUN YAT-SEN UNIVERSITY on 05/04/21. Copyright ASCE. For personal use only; al rights reserved.

Identification and Analysis of Shrinking Cities
Based on Multisource Big Data

7z
w\'ision

I
i
| :
' I
' I
' |
' |
! |
I
! ! ats ] N LI v
L Input Datasets /| Statistics tostudy area | | GWR Model i
| T T e 1 ! ] 1 ToTTTTmrmmmm T 1 !
| 1 i 1 1 | !
([ I
: : NTL : 1 = 1 A Typology of city | i : Dependent vari- : |
I : - . " : E Development { || able:The area 1 :
: I LAND (_"_-‘ X I 2 i b proportion of Ly
! | = mNo aeviassy| o i Z I SRR shrinkage i
o L E T T e | |
| —* = ! 1 1
| I : : ) ol TR e PSS S Voo : factors 1 :
1 [2000 : : 2 - i
! ! 5, Population .1 =5 APopaggozome Lo | :
= I I
! : I : ' | Shrinkage influencing ! :
: 1 Build-up Area | 7 i Ay Pt e e S i mechanism ) : |
. { i { Classified Counting | | I
| T S o e . L . |
I
I
I
I
I
I

e { For Cities’ Strategic Decision Making and Sustainable Development Management } i

Fig. 4. Research methods.

activity index mean in the i-th built-up area of #;; Act;_, = the city
activity index mean in the i-th built-up area of #,,

For a given built-up area, the relationships between APop; and
AAct; were measured using the four quadrants corresponding to
four possible types of urban growth (Fig. 5): increase—increase
(I), increase—decrease (II), decrease—decrease (III), and decrease—
increase (IV). These four combinations were estimated based on
the zero values of population and city activities. If both the popu-
lation and the degree of city activity index change were more
than zero, the area was categorized as type I (growing); if both
the population and city activities scored less than zero, the area
was categorized as type III (shrinking). By contrast, if one is
more than zero and the other is less than zero, then, the area was
categorized as type Il or IV.

Increase—increase (I): an increasing population and city activ-
ity growth indicated significant growing city areas. Increase—
decrease (II): an increase in population and a decrease in city
activities indicated that some cities had special geopolitical
relationships with metropolises and developed with high depen-
dence. Decrease—decrease (III): the counterpart to the growing
cities is shrinking areas characterized by a decrease in both
population and city activities. Decrease—increase (IV): a decrease
in population and an increase in city activities indicated that some
problems, such as an inadequate drive for economic development
and dilemmas in industrial conversion, have emerged in some
cities.

Geographically Weighted Regression

An influencing mechanism exists behind the differentiation of
urban regional development. Based on existing studies, the factors
affecting urban shrinkage can be summarized on the society/popu-
lation (Couch et al. 2005; Hoekveld 2012; Lin et al. 2017), re-
source/land (He et al. 2017b), and economy/industry (Grossmann
et al. 2013; Martinez-Fernandez et al. 2012a). GWR is a spatial
varying-coefficient regression model employed to analyze the ex-
planatory ability of variables in local areas. GWR has been exten-
sively used in economics, geography, and other fields. Therefore,
fitting the urban shrinkage regression models using GWR is
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Fig. 5. A typology of growing and shrinking cities.

appropriate. The expression is

k
yi=Polu; vi) + Zﬂ_/(ﬂis Vil + € (5)
=1

Jj=

where y; = the size of the built-up of the i-th city; (u;, v;) = the spa-
tial geographic location coordinate of the i-th city; f; (u;, v;) =j-th
regression parameter at the i-th sample point; y;; = the influencing
factor; &; = the random error term; and S, = a constant.

In terms of independent variables, this study focuses on the
selection of explanatory variables from the demographic, land
use, and industrial economic dimensions. The proportion of
the population aged 15-64 and the number of immigrants and
married people reflect the population structure characteristics.
The area of urban expansion and the number of houses pur-
chased and rented houses reflect land/housing characteristics.
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The employment rate as well as the number of employed people
in secondary and tertiary industry reflect employment/industry
characteristics. These data are from the two censuses of 2000
and 2010.

The exploratory regression tool in ArcGIS was used to deter-
mine the best combinations of the input candidate explanatory var-
iables. This tool uses ordinary least squares (OLS) and Global
Moran’s I spatial autocorrelation (Global Moran’s I can be de-
scribed as a measure of spatial autocorrelation based on feature lo-
cations and attribute values using the Global Moran’s I statistic) in
conducting collinearity diagnosis and significance test. Through in-
putting the above candidate explanatory variables and setting de-
fault values for parameters, the output table contained the models
that best explain the dependent variable. Explanatory variables re-
lated to the urban shrinkage GWR model were the urban expansion
area, secondary industry population, and the number of rented
houses and immigration. The area proportions of urban shrinkage
were used to represent the model dependent variable. To visually
demonstrate the difference in the influence degree of the model’s
independent variables, this study sets the extended parameters
(such as coefficient raster workspace) in the GWR model analysis
tool of ArcGIS software to realize the rasterized visual effect of
model coefficients. The rasterization of the coefficients of the
GWR model reflects the heterogeneity of effects on the dependent
variables in different city regions.

Results and Analysis

Spatial Distribution Characteristics of Different Types

The urban shrinking and growing patterns in the middle reaches of
the Yangtze River in 2000-2010 are known as “overall growth,
local shrinkage” features (Fig. 6). Type I can be observed as dom-
inant. Combined with data statistics, rapid population growth was
accompanied by positive changes in city activities in the

fo%s 2 @oouo 000 (m?)
. 1000 000 (m?)

provincial capital cities (Wuhan, Changsha, Nanchang, and
Hefei) and at the prefecture-level city jurisdiction. A key phenom-
enon is that types II and I city areas have high spatial proximity.
The possible reason for this scenario is that growing cities attract
the population of the surrounding city area while simultaneously
having a radiation effect on the growth of social and economic ac-
tivities. Urban growth may be productive or parasitic, and the pre-
dictability of urban growth creates a surplus for a larger urban area
(Balchin et al. 2000). The development of type II city areas de-
pends on the surplus created by the significantly growing cities,
meaning that the type II city areas can be regarded as dependent
growing city areas.

Urban shrinkage (type III) can be observed in some cities in the
northern Anhui province, such as Huaibei, Huainan, and Suzhou.
In Bozhou the population is shrinking while city activities are
also declining. Shrinkage is concentrated in partial urban areas
and county cities that are often overlooked. When a large range
of shrinkage occurs, type IV city areas are also clustered. Type
Il areas can be seen to be mostly distributed around type 1V,
which indicates that the development momentum of the type IV
city area is somewhat weak and very likely to face the risk of
shrinkage. Therefore, type IV can be regarded as areas “at risk of
shrinking.” Within the study area, the “at risk of shrinking” type
proved to be concentrated in some resource-based and industrial-
ized cities regions such as Huaibei, which was going through a
phase of industrial restructuring, causing underemployment of sur-
plus labor, aggravation in the social burden, restrictions in eco-
nomic development, and the triggering of a series of issues.
Given the circumstances, a phenomenon could occur in which
the population did not decrease but the urban activity declined. A
few shrinking urban areas, such as Huaibei and Huainan, are coal
resource-based cities that have exhausted their resources and expe-
rienced a seriously delayed development of substitute industries,
consequently causing a development crisis and gradual shrinkage
of the city.
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Fig. 6. Spatial pattern of city shrinkage and growth.
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Analysis of Urban Types Structure

This section analyzes the quantitative structure of different urban
types at the provincial and provincial capital levels to explore the re-
lationships of different types and urban development laws. Fig. 7
shows the proportion of increasing city activities in cities with pop-
ulation loss on the regional dimension; 14.87% of urban areas expe-
rienced population loss in the study area. Considering city activities,
the urban areas with increasing city activities accounted for 57.36%
in depopulation cities (56.18% in Hunan, 70.42% in Hubei, 52.95%
in Anhui, 60.27% in Jiangxi), indicating the uncoupling of popula-
tion and city activities to some extent. Differences in the proportion
values among various cities within Anhui province obviously exist.
The proportion values of various cities within Hubei province are
more aggregated, concentrated in 0.8.

The proportions of the four types (I, II, III, IV) in the four pro-
vincial capitals and four provinces respectively show the difference
in urban and regional development models (Fig. 8). At the provin-
cial city level, Wuhan can be seen to have a growth-led develop-
ment model, whereby type I accounts for 95%, and types III and
IV account for almost zero. The development structure of Chang-
sha and Hefei is similar, where types I and II are dominant and
types III and IV have a very small proportion. The provinces of
Hunan, Hubei, and Jiangxi are growth-led development models
with the type I making up the proportions of 83%, 85%, and
75%, respectively. Meanwhile, type II accounts for above 10% in
the provinces of Hunan, Hubei, and Jiangxi. Anhui province pre-
sents the shrinkage and growth coexisting development model,
whereby type I accounts for 54%, and types III and IV account
for nearly 38% with a clear shrinkage phenomenon. From the
above, the authors found that few cities of a single type exist.
That is, the development status of different regions in one particular
city is not the same, which can help us understand why some grow-
ing cities experience partial shrinkage. The spatial cooperativity be-
tween growing (I) and dependent growing (II) city regions is high,
as is the spatial cooperativity between shrinking (III) city regions
and those at risk of shrinking (IV).

Analyzing the Influencing Factors Affecting Urban Size of
Shrinkage Type

From the analysis of urban-type structure, the authors found two or
more possible existing types within cities, which can provide a cer-
tain city or city area sample to explore shrinkage-influencing mech-
anism. This study takes the area proportions of urban shrinkage as
the dependent variable and urban expansion area and secondary in-
dustry population as the independent variables to construct the
GWR model. The adjusted R* of urban shrinkage GWR model is
0.7826. Therefore, the model has a good fit for performance.
Fig. 9 shows the regression coefficients visualization. In general,
with the exception of the northern cities of Anhui province, the ex-
pansion area’s impact on the size of shrinking city regions is neg-
ative. In the northern cities of Anhui province, shrinkage is
dominant while the regression coefficient of the urban expansion
area is positive, indicating that the size of the shrinking city region
expanded with the increase in the urban expansion area. The impact
of the number of rented houses in the shrinkage GWR model shows
spatial heterogeneity.

The regression coefficients of some cities on the edge of the
urban agglomeration such as Enshi, Hengyang, Fuyang, Yingtan
are negative, signifying that the urban shrinkage region size is
shrinking alongside an increase in rented houses. A large spatial
differentiation exists in terms of the influence of the secondary in-
dustry population on the size of shrinking city regions. The indus-
trial city belt from the western province of Hubei to the eastern
province of Anhui was negatively affected by the secondary indus-
try population. However, in some shrinking regions such as
Bengbu, Huaibei, and Suzhou, the size of urban shrinkage is posi-
tively correlated with secondary industry population, indicating
that the increase in secondary industry population may aggravate
shrinkage. The degree of impact of immigration on the size of
shrinking city regions was found to be negative and weaker than
other explanatory variables. That is, if the aim is to change the sta-
tus of shrinkage in a city, increasing immigration does not have a
significant effect.
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Fig. 7. Proportions of type II (decrease in population and increase in city activities) and population loss: (a) proportions of type II (decrease in pop-
ulation and increase in city activities) and population loss in study area; (b) proportions of type II (decrease in population and increase in city activ-
ities) and population loss in Hunan province; (c) proportions of type II (decrease in population and increase in city activities) and population loss in
Hubei province; (d) proportions of type II (decrease in population and increase in city activities) and population loss in Anhui province; and (e) pro-
portions of type II (decrease in population and increase in city activities) and population loss in Jiangxi province.
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Conclusion and Discussion city shrinkage from 2000 to 2010 in the middle reaches of the

Yangtze River in China. In the area of study, city shrinkage iden-
This study identified city shrinkage based on population loss and tification results differed when considering city activity. Approxi-
the changes in city activities. It then discussed the factors affecting mately 14.87% of cities experienced population loss. Considering
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city activities, an increase in the latter accounted for 57.36% in de-
population cities. Urban shrinkage spatial pattern presented the fea-
ture of “overall growth, local shrinkage.” Shrinkage was
concentrated in urban partial areas and county cities. Moreover,
few cities were found to be of a single type, with different types
of development coexisting in most of the cities studied. Further-
more, these types have a certain regularity in spatial distribution
and structure. That is, the spatial proximity and cooperativity be-
tween growing and dependent growing type were found to be
high, as well as that between the shrinking and “at risk of shrink-
ing” types. The unbalanced development exists within cities.

City shrinkage is a consequence of multifactor interactions. In
the middle reaches of the Yangtze River in China from 2000 to
2010, the number of rented houses has the most significant impact
on urban shrinkage, followed by urban expansion. In shrinking
urban areas, urban spatial expansion and the increase in secondary
industrial population are factors that do not drive urban growth but
aggravate urban shrinkage. Deindustrialization (Liu and Yang
2017), out-migration (Chen et al. 2016; Du et al. 2019; Zhang
2015), urban sprawl, and real estate (Grossmann et al. 2013; Lin
et al. 2017) have been proven to have an effect on urban shrinkage
in existing studies. Out-migration is considered the main cause of
local city shrinkage in China, which is caused by unbalanced re-
gional economic development and different urbanization levels
(Wu and Long 2015). The urban area has expanded at a remarkable
speed in China (He et al. 2019), and the negative effects on urban
development have slowly emerged. Many cities in China are facing
the challenge of transformation (Ren 2014). How to effectively
supply land scale to match urban activities and population is a prob-
lem that requires solutions in the process of urban transformation.
In addition, industrial transformation is an important part of urban
transformation. According to Kuznets’ rule, the labor force flows
smoothly between industrial sectors when the industrial structure
is optimized and upgraded. Industrial-based cities (e.g., Huaibei,
Huainan, and Suzhou in the northern of Anhui province) should
make the transition from traditional industry to advanced manufac-
turing processes, modernized service industries, and diversified in-
dustry structure; they should also scale up employment to promote
city growth (Du and Li 2018). In the case of China alone, the main
influencing factors of city shrinkage in different regions are differ-
ent, and the influence degree has prominent spatial heterogeneity.
The impact mechanism of shrinking cities is a proposition that
needs to be studied in-depth and meticulously in combination
with the local development situation.

In this study, the urban typology category divided through this
study can be well couched within certain urban developmental
patterns. Shrinking and “at risk of shrinking” regions were actu-
ally in areas that had experienced deindustrialization or resource
depletion in the study. We considered the city activities in identi-
fying city shrinkage research based on the belief that city vitality
could exist even if the city is experiencing population loss. Cer-
tain issues relating to cities’ demographic structure (according
to sex, age, and different educational attainment), scientific and
technological levels, resources endowment, and so on, somewhat
decide the intensity and density of city activity. We emphasize
that increasing or refining the indicators of city activities is also
possible, so that these indicators can be applied to specific types
of cities (tourism-based cities, resource-based cities, industrial
cities, etc.).

Traditional statistical data support the urban research from the
perspective of administration but ignore the characteristics within
cities. The spatial scale of evaluating urban development is impor-
tant. We explored the methods of big data aggregation to focus on
regional changes within cities on a small scale, which contributed
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to the urban community shrinkage identification and the explora-
tion of how to energize the urban community. Although some esti-
mation errors may occur, the datasets from the same source
successfully reflected the changing trends of population and city ac-
tivities over a prolonged time series (Liu and Wang 2016). A few
limitations were encountered in the current study. For example,
given the restrictions in the available data, we only studied cities
in the middle reaches of the Yangtze River from 2000 to 2010
but did not expand this to the present day.

City shrinkage in European and American countries mainly oc-
curred in the context of development stability and economic stag-
nation. China remains the biggest developing country in the
world; the shrinkage of some cities in China reflects the negative
effect brought by excessive growth, which is alarming for other
countries and regions of urban development. Moreover, China
has a vast territory. The types of city shrinkage are complex and di-
verse. The impact mechanisms are different from those in Western
countries, which provide rich and diversified cases for international
urban shrinkage research to understand better and deal with the
shrinkage.

Currently, most urban planning and policies in China are in-
deed growth-oriented, ignoring the specialization of the urban
transformation period and the coordination among urban develop-
ment elements. Shrinking cities of different types and in different
developmental stages and local contexts face various challenges.
When shrinkage happens, changes occur in population structure,
in the socioeconomic environment, in land use and residential lo-
cation choices, urban planning paradigm shift, and policy adjust-
ments in response to these changes. The planning paradigms,
planning systems, planning strategies, and planning cultures of
shrinking cities require in-depth discussions (Pallagst 2010).
Some scholars have studied housing demolition and explored
land use policies for smart declines such as developing open
space networks in shrinking cities (Frazier and Bagchi-Sen
2015), and urban greenery in local neighborhoods (Schetke and
Haase 2008). The Chinese government, which has proposed cer-
tain policies, such as “small and fine-skilled” and “strictly in-
crease the increment, revitalize the stock” for small- and
medium-sized cities, no longer blindly expands the area and
uses public resources to guide the population to the central city.
We will examine the different types and drivers, impacts of, coun-
termeasures to, and shrinkage against global and local back-
grounds in our future research. We intend to present case
studies, which feature typical shrinking cities identified in this
paper, such as resource-based cities. We will review the develop-
ment history and planning policies in these cities and analyze
the noticeable problems resulting in shrinkage and general and
place-based countermeasures for city shrinkage. Findings could
drive the shift from understanding to the governance of urban
shrinkage.
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