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This study focuses on 55 shrinking cities selected by the urban shrinkage index using data about the urban population of 250
prefecture-level Chinese cities from 2012 to 2017. It analyzes the theoretical impacts of urban shrinkage on haze pollution and the
spatial distribution and autocorrelation of urban shrinkage. The spatial error model (SEM) and the fully modified least squares
(FMOLSs) regression are used to empirically examine the impacts of urban shrinkage on haze pollution at national and regional
levels. The results indicate that shrinking cities showed spatial agglomeration and that northeast China had the largest number of
shrinking cities. Nationwide, urban shrinkage reduced haze pollution. An increase in the proportion of secondary industries,
economic development, and built-up areas intensified haze pollution, while an increase in the green area in parks alleviated such
pollution. Regionally, except for west China, the impacts of urban shrinkage on haze pollution were significantly negative. Urban
shrinkage in central China had the greatest impacts on haze, followed by northeast China and east China. Haze pollution was
intensified by the increase in the proportion of secondary industries in east, central and west China, alleviated by economic
development in east and west China, slowed down by the increase in green area in parks in northeast, east and west China, and
aggravated by the rise in built-up areas in northeast, central, and west China. Targeted suggestions are proposed herein to reduce

haze pollution, adapt to urban shrinkage and build quality small cities based on local conditions.

1. Introduction

China witnessed rapid urbanization and had an urbanization
rate of a permanent population of over 60% at the end of
2020. The increasing urban population has led to environ-
mental pollution issues such as haze pollution. New-type
urbanization proposed in 2020 highlights promoting hu-
man-centered high-quality urbanization. It points out that
efforts should be made to coordinate the cultivation of
emerging cities and the improvement of shrinking cities,
steadily reduce the area of shrinking cities, and adjust
shrinking counties (cities) after conducting the prudent
survey. Chinese cities face severe haze pollution at present.
Will urban shrinkage slow it down? The answer to this
question has important practical significance for building a
beautiful China and meeting people’s growing needs for a
better life [1].

2. Literature Review

In 1988, German scholars Hauflermann and Siebel first
proposed the term “shrinking city” to describe massive
population loss and hollowing out of cities [2]. In recent
years, China also has shrinking cities [3]. Urban shrinkage is
receiving growing attention from academia and government
departments at home and abroad.

Existing research studies on urban shrinkage focus on
the definition of related concepts [4-7], its driving mech-
anism [8-14] and countermeasures [15-17]. There are also
studies on its impacts. The intuitive manifestation of urban
shrinkage is population loss, but the essence is the loss of
essentials like capital. Population loss results in idle houses
and abandoned buildings, while capital loss leads to the
economic downturn and unemployment [18]. Urban
shrinkage also means loss of knowledge, technology, and
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innovation [19], reduces the vitality of cities and lowers
residents’ quality of life [20]. One of its positive impacts is
that extra open space allows ecological reconstruction and is
good for expanding green space and boosting urban bio-
diversity [21].

Some literature discusses the impacts of urban shrinkage
on carbon emissions. For example, Liu et al. analyzed the
CO, emissions of residents in shrinking prefecture-level
cities based on data in 2005, 2010, and 2015. They found that
urban shrinkage was positively correlated with the CO,
emissions and that the energy efficiency of shrinking cities is
lower than that of expanding cities of the same size [22]. Xiao
et al. compared the long-term CO, emission of shrinking
cities and expanding cities with 55 sample cities in northeast
China and the Yangtze River Delta. They found that CO,
emissions continued to grow in rapidly shrinking urban
agglomerations and that CO, emissions fell in urban ag-
glomerations undergoing mild and moderate shrinkage
along with the decline of secondary industries [23].

Previous research studies have laid the foundation for
this study but have some shortcomings. First, there were few
discussions on the impacts of urban shrinkage on air pol-
lution, and even fewer on its impacts on haze pollution.
Second, a theoretical analysis of the impacts of urban
shrinkage on haze pollution was absent. Third, there was no
empirical research on the impacts of urban shrinkage on
haze pollution.

This study makes up for the above-mentioned short-
comings. First, it puts urban shrinkage and haze pollution in
the same framework to explore the positive and negative
effects of urban shrinkage on haze pollution theoretically.
Second, it empirically examines the impacts of urban
shrinkage on haze pollution at national and regional levels.
Thirdly, SEM and FMOLS are used to investigate the impacts
of urban shrinkage on haze pollution.

3. Theoretical Analysis, Research Method
and Model

3.1. Theoretical Analysis

3.1.1. Positive Impacts of Urban Shrinkage on Haze Pollution

Moran's I =
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Population loss impairs residents’ demand for consumption
(including energy consumption) and housing, thereby re-
ducing constructions. Besides, relocation of companies to
other cities not only reduces the consumption of fossil
energy such as coal and oil but also decreases the demand for
buildings like factories. Energy consumption leads to
emissions of particulate matters and sulfur dioxide (SO,),
which directly aggravates haze pollution. Dust produced in
constructions is the main contributor to PM;, [24].
Therefore, urban shrinkage reduces environmental pollution
through reduced energy consumption and constructions.
During urban shrinkage, trees on vacant land can regulate
the climate, improve air quality and the ecosystem and
reduce haze pollution [1].

3.1.2. Negative Impacts of Urban Shrinkage on Haze
Pollution. In the process of urban shrinkage, the young, and
middle-aged migrate to other places. This increases the
proportion of the elderly, who have limited knowledge and
weak awareness of environmental protection, and their
lifestyle is not environmentally friendly. Besides, they are
more sensitive to price when buying products. The price of
energy-saving and environment-friendly products is higher
than ordinary ones, so they are reluctant to buy them, which
is not conducive to improving air quality. Population loss
stands for loss of knowledge and technology, which counts
against technological progress and industrial transformation
and upgrading. Company relocation to other cities reduces
productivity, employee population, and tax revenue, which
are bad for controlling urban haze pollution [1].

3.2. Method

3.2.1. Spatial Autocorrelation
(1) Global Spatial Autocorrelation

Global spatial autocorrelation was analyzed with
Global Moran’s I index [25]. The formula is

(1)
2 2
21112?:1“’1]'2?:1(’5:' - X) S Z?:lZ?:lwij
1, iand jareadjacent,
w;; = L , ) (2)
0, i=j,oriand jarenotadjacent.

S =1/nY", (x; - %)? is the variance of observations,
and X = 1/n) " x; the average value of all spatial unit
observations. x; and x; represent observation values
of the i-th and j-th spatial unit, # is the total number
of spatial units, and w;; is the spatial weight matrix.
This paper employs the spatial adjacency weight
matrix, whose set-up principle is

(2) Local Spatial Autocorrelation

Local spatial autocorrelation was analyzed with local

Moran’s I index:
(%; - E)Z?:lwij(xj - E)

= (3)
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Its meaning of x;, xj, n and principle of w;; set-up are
the same as that of formula (1).

The correlation indexes of local spatial autocorrelation
are divided into HH (high-high), HL (high-low), LH (low-
high), and LL (low-low). If alocal Moran’s I index is positive,
it indicates that there is a positive spatial autocorrelation
between the haze pollution of spatial units in a certain
province and its neighboring provinces, which belong to HH
or LL type agglomeration. If a local Moran’s I index is
negative, it indicates that there is a negative spatial auto-
correlation between the haze pollution of a spatial unit in a
certain province and its neighboring provinces, which be-
longs to LH or HL type of agglomeration [1].

The relationship between Global Moran’s I index and
Local Moran’s I index is

n
Z Local Moran's I = n x Moran/sI. (4)
i=1

3.2.2. Spatial Econometric Models. Spatial econometric
models were divided into a spatial lag model (SLM), SEM,
etc., [26].

The SLM is

Y =pWY +XB+e (5)

Y is the explained variable, X is the explanatory variable
matrix, W is the spatial weight matrix, and WY is the spatial
lag explained variable. p means the spatial autoregressive
coefficient that reflects the spatial dependence of the ob-
served value of the sample, S the coefficient of the ex-
planatory variable, and ¢ the random error term that obeys a
normal distribution.

The SEM is

Y=XB+e

6
e=AWe+pu. (6)

p is the independent and identically distributed residual,
and A the spatial autoregressive coeflicient that reflects the
influence of residuals in adjacent areas on residuals in this
area.

3.3. Model Set-Up. To empirically test the impacts of urban
shrinkage on haze pollution, the following econometric
model was built:

In PM,; =By + B In US+f,In SE
+ B5In GDP + ,In PGA + f3;In LAND + ;.
(7)

In Formula (7), PM, s represents the annual average
concentration of PM, s, namely haze pollution (unit: yg/m”).
US refers to urban shrinkage, SE to the proportion of sec-
ondary industries (unit: %), and GDP to the GDP per capita
(2006 as the base period, unit: CNY/person). PGA represents
the per capita green area in parks (unit: m*), LAND the area
of built-up areas (unit: km?), and Bo the constant term. Since

natural logarithms of all variables are adopted, f1, 2, 83, B4
and s are elastic coefficients to be estimated, and ¢; is the
random error term.

3.4. Urban Shrinkage. Both the single index method [27, 28]
and multiple index method [29] can measure urban
shrinkage. This study draws on Xiao et al. [23] to measure
urban shrinkage with the following formula:

Pt1
Us(t())tl) =t -t D (8)
to

US(10, :1y means the population index between year ¢, and
t;. Py and P;; are urban population in ¢, and ;. The US
change interval is [0, +00). If US > 1, there was a population
expansion. Otherwise, there was a population shrinkage.

3.5. Data Source. We analyzed data about 250 prefecture-
level cities from 2012 to 2017, whose shrinkage indexes were
calculated with formula (8). Among them, 55 cities had a
shrinkage index of less than 1, which are research objects in
this study. Data about PM, 5 concentration come from the
PM, 5 concentration ranking of Chinese cities released by
Greenpeace, an independent campaigning organization, on
January 10, 2018. The proportion of secondary industries
and per capita GDP are from China City Statistical Yearbook
(2008-2018). GDP per capita come from China Statistical
Yearbook 2018. Urban population, per capita green area in
parks and built-up areas are from China Urban Construction
Statistical Yearbook (2007-2017). Missing data have been
filled in by interpolation. The 55 cities are divided into
northeast, east, central, and west China, which include 21
cities in northeast China (Heihe, Yichun, Hegang, Jiamusi,
Jixi, Mudanjiang, Baicheng, Jilin, Siping, Liaoyuan, Baishan,
Tonghua, Fushun, Shenyang, Fuxin, Chaoyang, Benxi,
Liaoyang, Anshan, Yingkou, and Dandong), 9 cities in east
China (Zhangjiakou, Tangshan, Baoding, Cangzhou,
Hengshui, Xingtai, Handan, Huai’an, and Langfang), 10
cities in central China (Datong, Taiyuan, Ma’anshan, Ton-
gling, Zhangjiajie, Jingdezhen, Yiyang, Changsha, Shaoyang,
and Chuzhou), and 15 cities in west China (Tongliao,
Chifeng, Baotou, Jinchang, Yinchuan, Zhongwei, Pingliang,
Suining, Guang’an, Zigong, Panzhihua, Lijiang, Anshun,
Hezhou, and Shizuishan).

Descriptive statistics of the cities are shown in Table 1.

4. Empirical Research

4.1. Spatial Distribution of Shrinking Chinese Cities. Based on
the 55 cities” shrinkage indexes, their spatial distribution was
produced using ArcGIS 10.2 and Jenks Natural Breaks
Classification system, as shown in Figure 1. The urban
shrinkage indexes were divided into five grades from small
to large. There were 6 grade-1 cities (with small urban
shrinkage indexes) in Jilin and Hebei; 4 grade-2 cities, with 1
in Jilin and 3 in Hebei; 3 grade-3 cities, with 1 in Jilin and 2 in
Hebei; 9 grade-4 cities, with 4 in the northeast, 3 in the west
and 2 in the central; 33 grade-5 cities, with 12 in the
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TaBLE 1: Descriptive statistics of variables.

Variable PM, 5 UsS SE GDP PGA LAND
Mean 45.6490 0.9330 43,1160 25017.07 14.4196 93.9878
Median 42.9000 0.9838 42.0400 22248.93 13.2300 76.5000
Max 86.1000 0.9997 65.7200 64951.00 26.6200 553.0000
Min 14.8000 0.6484 13.8500 8553.899 7.5800 8.7100
Std. Dev. 15.3187 0.1048 11.8082 12964.24 4.,5315 95.8217
Sum 2510.700 51.3171 2371.380 1375939. 793.080 5169.330
Observations 55 55 55 55 55 55

SN

l:l No Data
B 06485-0.7173
|:| 0.7174 - 0.8022

northeast, 1 city in the east, 12 in the west and 8 in the
central. To sum up, northeast China had the largest number
of shrinking cities.

4.2. Spatial Autocorrelation of Shrinking Chinese Cities.
Analysis with GEODA 0.9.5-i following queen adjacency
revealed that Moran’s I index of shrinking Chinese cities in
2017 was 0.5381. Monte Carlo randomization tests were
conducted for 999 times, whose P value was 0.0010. This
means shrinking cities showed spatial agglomeration in 2017.

The local spatial autocorrelation of urban shrinkage was
examined with Moran’s I scatter plot, as presented in Fig-
ure 2, where the horizontal axis indicates urban shrinkage,
and the vertical axis indicates lagged urban shrinkage. 50

[ ] 08023-09175
|:| 0.9176 - 0.9757
- 0.9758 - 0.9998

FIGURE 1: Spatial distribution of urban shrinkage in China.

cities are located in the first or third quadrants, accounting
for as high as 90.9%. This means there was an obvious
agglomeration of shrinking cities. Only 5 cities are in the
second and fourth quadrants, taking up 9.09%. Among
them, 1 is located in the second quadrant, which means LH
agglomeration, and 4 are located in the fourth quadrant, that
is, HL agglomeration [1].

4.3. Empirical Research on the Impacts of Urban Shrinkage on
Haze Pollution

4.3.1. Multicollinearity Test. Pearson correlation test was
conducted to check the correlation between variables, the
results of which are presented in Table 2. All correlation
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FIGURE 2: Moran’s I index scatter diagram of urban shrinkage in China.
TABLE 2: Pearson correlation test.
Variable InPM, 5 InUS InSE InGDP InPGA InLAND
lnPMZ'S 1.0000
InUS —0.4670*** 1.0000
(0.0003)
InSE 0.3779*** —-0.1510 1.0000
(0.0044) (0.2710)
InGDP 0.3753*** -0.1257 0.3625%** 1.0000
(0.0047) (0.3602) (0.0065)
InPGA -0.3144** 0.1656 0.0042 —0.0625 1.0000
(0.0194) (0.2267) (0.9756) (0.6502)
InLAND —0.0072 0.6326*** 0.0601 0.2058 —0.0258 1.0000
(0.9580) (0.0000) (0.6625) (0.1316) (0.8513)

Note. The value in () is the P value. **P <0.05. *** P < 0.001.

coeflicients between variables were less than 0.63. Some of
them, such as the one between InUS and InSE, failed the
significance test.

Variance inflation factor (VIF) was employed to in-
vestigate the multicollinearity between variables. If VIF is
greater than 5, there is multicollinearity. If it is greater than
10, there is severe multicollinearity. The VIF values of ex-
planatory variables are shown in Table 3, all of which are less
than 2.03, which indicates there was no multicollinearity
between explanatory variables.

4.3.2. Spatial Diagnostic Test. As there have been many
academic writings on the spatial agglomeration of urban
haze pollution [30], we do not repeat it here. The above-
given analyses show there was a significant spatial auto-
correlation in China’s urban shrinkage. A spatial econo-
metric models selected through spatial diagnostic tests was
used to check the impacts of urban shrinkage on haze
pollution. As shown in Table 4, both LM-error and Robust
LM-error passed the significance test at the 1% level, and

neither LM-lag nor Robust LM-lag passed the significance
test. Therefore, SEM was chosen [31].

4.3.3. Regression Results of Spatial Econometric Models.
The regression results are shown in Table 5. The R* of SEM in
the last column is 0.7137. In Table 4, the R? of the nonspatial
measurement model is 0.4693. Therefore, it is more ap-
propriate to use SEM to verify the impacts of urban
shrinkage on haze pollution. The spatial autoregressive
coeflicients of all columns are positive and passed the sig-
nificance test, which verified there was a spatial spillover
effect in haze pollution, and that it is appropriate to use SEM
for empirical analysis in this study.

The coefficient of urban shrinkage in each column is
significantly negative, which means urban shrinkage had
positive impacts on haze pollution, namely, it reduced haze
pollution. This is because the decrease in urban population
reduced residents’ demand for cars and thus reduced car
exhaust emissions. In the meanwhile, as cities shrank, green
space increased due to land vacancy, which has boosted
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TaBLE 3: VIF test.
Variable VIF 1/VIF
InUS 2.0258 0.4936
InSE 1.1860 0.8431
InGDP 1.3007 0.7688
InPGA 1.0673 0.9369
InLAND 1.9840 0.5040
TaBLE 4: Spatial diagnostic test.
Variable coefficient t-Statistic P value
Constant 1.8924 2.3051 0.0254
InUS -1.5674 —3.8946 0.0003
InSE 0.2371 1.9437 0.0576
InGDP 0.1008 1.2374 0.2218
InPGA —-0.2373 —1.8846 0.0654
InLAND 0.1167 2.10016 0.0408
R? 0.4693
Spatial diagnostic test MI/DF Test value P value
Moran’s I 0.5209 4.6248 0.0000
LM-lag 1 0.6068 0.4359
Robust LM-lag 1 1.9676 0.1607
LM-error 1 17.8706 0.0000
Robust LM-error 1 19.2315 0.0000
TABLE 5: Estimation results of SEM.
Varable 1) ) (3) (4) (5)
A 0.4335*** 0.4651*** 0.4930*** 0.5924*** 0.6169***
(0.0001) (0.0000) (0.0000) (0.0000) (0.0000)
Constant 3.7064*** 2.5538*** 0.9873 1.9588*** 2.1173***
(0.0000) (0.0000) (0.1616) (0.0034) (0.008)
InUS —1.0032*** —0.8888*** —-0.7901** -0.6270** —1.005***
(0.0043) (0.0068) (0.0120) (0.0288) (0.0012)
InSE 0.3124*** 0.2635%** 0.2799*** 0.2878***
(0.0018) (0.0058) (0.0005) (0.0001)
InGDP 0.1742** 0.1663*** 0.1027*
(0.0103) (0.0046) (0.0892)
InPGA —0.3525*** —0.3398***
(0.0001) (0.0000)
InLAND 0.0966**
(0.0105)
R? 0.4139 0.5082 0.5662 0.6741 0.7137
LR test 11.2965*** 12.9077*** 14.8669*** 22.1554*** 23.5316***
(0.0000) (0.0003) (0.0001) (0.0000) (0.0000)

Note. The value in () is the P value. *P<0.1. **P <0.05. ***P <0.001.

ecological restoration, improved air quality, and mitigated
haze pollution. Regarding control variables, the proportion
of secondary industries was significantly positive, which
revealed the increase in the proportion of secondary in-
dustries aggravated haze pollution. The coefficient of eco-
nomic development was significantly positive, which means
economic development leads to haze pollution through
expanding production scale and increasing the demand for
energy consumption. The coefficient of green space in parks
was significantly negative, which reveals that an expanded
area of green space in parks reduced haze pollution. The
coefficient of built-up areas was significantly positive, which

indicates an expansion of built-up areas caused haze pol-
lution due to smoke and dust emissions from real estate
development, building construction, etc.

4.3.4. Analysis of Empirical Results by Region. To understand
regional differences in the impacts of urban shrinkage on
haze pollution, we conducted empirical tests on northeast,
east, central, and west China. As there is a small quantity of
samples in each region, it is not suitable to employ spatial
quantitative analysis, so we adopted a common data model.
To avoid possible endogeneity between variables, Phillips
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TaBLE 6: Unit root test in Northeast China (Unit root tests for the other three regions are available from the author).
ADF PP ADF PP
Levels First difference
InPM, 5 0.4160 (0.7937) 0.6087 ~2.1427** —4.8058%**
(0.8394) (0.0350) (0.0001)
InUS —-1.3689 (0.1533) -1.4820 —3.7123*** —3.7123***
(0.1258) (0.0009) (0.0009)
InSE —0.24843 (0.5840) -0.0575 —4.5275 -9.8039***
(0.6514) (0.0001) (0.0001)
InGDP 0.2077 (0.7356) —0.1881 —7.8829*** —13.7453***
(0.6058) (0.0000) (0.0001)
InPGA —0.8635 (0.3287) -0.1957 —9.4627*** —9.4626***
(0.6031) (0.0000) (0.0000)
InLAND —0.2085 (0.5985) -0.1168 —5.4641*** 5.4640***
(0.6310) (0.0000) (0.0000)
Note. The value in () is the P value. *P<0.1. **P <0.05. ***P <0.001.
TaBLE 7: Estimation results of FMOLS regression in each region.
Variable Northeast East Middle West
Constant 3.8665"** 4.9588** 2.5763*** 3.7620%**
(0.0002) (0.0382) (0.0078) (0.0082)
InUS -0.8147** —-0.5525* —3.6561** —0.3087
(0.0186) (0.0980) (0.0250) (0.9263)
InSE 0.0132 1.5139** 0.1019* 0.5533**
(0.8718) (0.0290) (0.0873) (0.0208)
InGDP 0.0626 —0.4959** 0.0147 —-0.2666*
(0.3148) (0.0189) (0.7743) (0.0832)
InPGA -0.6109*** -0.5308" 0.0464 -0.3029*
(0.0017) (0.0690) (0.5325) (0.0903)
InLAND 0.1349*** -0.1790** 0.1308** 0.3055**
(0.0050) (0.0364) (0.0166) (0.0134)
R? 0.8167 0.7667 0.5207 0.5297

Note. The value in () is the P value. *P<0.1. **P <0.05. ***P <0.001.

and Hansen [32] proposed FMOLS, a nonparametric
method, to revise OLS estimators. On this basis, Pedroni
[33] proposed FMOLS estimation for panel data which al-
lows the estimation of heterogeneous cointegration vectors
of panel members [34]. Pedroni’s FMOLS method [35] is
used in this study.

The stationarity of variables was tested before con-
ducting regression. Unit root tests in northeast China alone
are presented here to save space. As shown in Table 6, none
level values of the variables passed ADF (Augmented
Dickey-Fuller) and PP (Phillips-Perron) tests, but their first-
order difference passed the two tests. Therefore, it is feasible
to perform regression analysis herein.

The regression results of each region are shown in
Table 7. Except for west China, the coefficients of InUS
were significantly negative. Urban shrinkage in central
China had the greatest impacts on haze, followed by the
northeast and the east. Urban shrinkage in the central,
northeast, and east rose by 1 percentage point, which
reduced haze pollution by 3.6561, 0.8147, and 0.5525
percentage points. This means shrinking cities in central,
north and east China effectively alleviated haze pollution
by reducing energy consumption and urban construction.
Although the impact of urban shrinkage on haze pollution

in west China was not significant, it was negative. That is,
urban shrinkage in the west had positive impacts on
mitigating haze pollution. The coefficients of InSE in east,
central, and west China were significantly positive. An
increase in this proportion by 1 percentage point inten-
sified haze pollution in east, central, and west China by
1.5139, 0.1019, and 0.5533 percentage points. The coeffi-
cients of InGDP in east and west China were significantly
negative, which indicates that economic development
there alleviated haze pollution. The coeflicients of InPGA
in northeast, east and west China were negative, that is,
green area in parks in these regions reduced the degree of
haze pollution. The coefficients of InLAND in north,
central, and west China were significantly positive, which
means the increase in built-up areas in these regions
aggravated haze pollution. However, the coefficient of
InLAND in east China was significantly negative. This is
because, among the four regions, east China had the
smallest built-up areas and actual construction areas, but
shouldered the greatest population and resource pressure.
Therefore, expanding built-up areas in east China and
strengthening the construction of municipal structures
and public facilities will help ease space pressure on urban
traffic and reduce haze pollution.



5. Conclusions and Policy Implications

5.1. Conclusions. This study focuses on 55 shrinking cities
selected by the urban shrinkage index using data about the
urban population of 250 prefecture-level Chinese cities from
2012 to 2017. It analyzes the theoretical impacts of urban
shrinkage on haze pollution and the spatial distribution and
autocorrelation of urban shrinkage. The spatial error model
(SEM) and the fully modified least squares (FMOLS) re-
gression are used to empirically examine the impacts of
urban shrinkage on haze pollution at national and regional
levels. The results indicate that shrinking cities showed
spatial agglomeration and that northeast China had the
largest number of shrinking cities. Nationwide, urban
shrinkage reduced haze pollution. An increase in the pro-
portion of secondary industries, economic development,
and built-up areas intensified haze pollution, while the in-
crease in the green area in parks alleviated such pollution.
Regionally, except for west China, the impacts of urban
shrinkage on haze pollution were significantly negative.
Urban shrinkage in central China had the greatest impacts
on haze, followed by northeast China and east China. Haze
pollution was intensified by the increase in the proportion of
secondary industries in east, central and west China, alle-
viated by economic development in east and west China,
slowed down by the increase in the green area in parks in
northeast, east, and west China and aggravated by the rise in
built-up areas in northeast, central, and west China [1].

5.2. Policy Implications. Based on the above-given conclu-
sions, we proposed the following policy implications:

First, shrinking cities should adapt to urban shrinkage.
According to urban development theory, cities go through
birth, development, prosperity, and decline, so urban
shrinkage is irreversible. Shrinking cities should take advan-
tage of this trend to promote urban regeneration and stimulate
vitality. The following measures are recommended: (1) de-
molish buildings like abandoned houses and workshops to
build green spaces; increase the area of green spaces and
wetlands to strengthen the adsorption of particulate matters,
beautify the urban landscape and create more recreational
spaces for residents. (2) Rationally plan urban area to improve
the utilization of urban spaces; encourage the gathering of
residential areas to improve the efficiency of public facilities;
encourage remote companies to relocate to urban areas to
reduce the use of private cars by employees. (3) Invest more in
shrinking cities. With the outflow of essentials including
population and firms, the tax revenues and fiscal capacities of
shrinking cities are weakened, which is not conducive to public
infrastructure construction and haze pollution management.
Therefore, measures should be taken to improve the finance of
shrinking cities by increasing subsidies and reducing or
exempting taxes, so that shrinking cities have sufficient funds
for constructing public facilities and controlling haze
pollution.

Second, targeted measures should be adopted based on
local conditions. Northeast China had the largest number of
shrinking cities, so they should introduce preferential
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policies to retain talents and enterprises, promote the growth
of local knowledge and technology, and build themselves
into quality cities. Among the 55 sample cities, shrinking
cities in the east had the highest proportion of secondary
industries, which is a disadvantage for treating haze pol-
lution. Therefore, they should vigorously develop high-tech
industries and modern service industries, and expand built-
up areas and green space in parks to reduce ecological
pressure, thus reducing haze pollution. Shrinking cities in
central China should speed up their economic development
while lowering the ratio of secondary industries and raising
that of tertiary industries. They had the largest built-up areas
among the four regions and a positive coefficient of haze
pollution. Therefore, they should reduce built-up areas and
improve the efficiency of public facilities. In addition to
increasing the proportion of tertiary industries, economic
development, and green space in parks, they need to reduce
built-up areas and optimize the allocation of stock assets.

Data Availability

Data will be made available on request: amylxhong@
163.com.

Ethical Approval

This study was not funded by any organization. Author
Xiaohong Liu declares that she has no conflict of interest.
Xiaobo Wang declares that she has no conflict of interest.
Tianrui Dong declares that he has no conflict of interest. This
article does not contain any studies with human participants
performed by any of the authors.

Conflicts of Interest

The authors declare that there are no conflicts of interest.

Acknowledgments

This project was funded by the Philosophy and Society
Project of Universities in Jiangsu Province (Grant no.
2020SJA0492). A portion of this paper was published in an
academic conference paper. This paper adds information
such as literature review, spatial distribution of shrinking
Chinese cities, and charts.

References

[1] X. H. Liu, X. B. Wang, and T. R. Dong, “Has urban shrinkage
slowed down haze pollution? Proceedings of the 2022 in-
ternational conference on urban planning and regional
economy,” Advances in Economics, Business and Management
Research, vol. 654, pp. 118-124, 2022.

[2] H. Haulermann and W. Siebel, Die Schrumpfende Stadt und
die Stadtsoziologie. Soziologische stadtforschung, pp. 78-94, VS
Verlag fiir Sozialwissenschaften, Wiesbaden, 1988.

[3] K. WuandY.C.Li, “Research progress of urban land use and
its ecosystem services in the context of urban shrinkage,”
Journal of Natural Resources, vol. 34, no. 5, pp. 1121-1134,
2019.


mailto:amylxhong@163.com
mailto:amylxhong@163.com

Mathematical Problems in Engineering

[4] J. Schilling and J. Logan, “Greening the rust belt: a green

infrastructure model for right sizing America’s shrinking

cities,” Journal of the American Planning Association, vol. 74,

no. 4, pp. 451-466, 2008.

B. Xu and D. Pang, “Growth and recession: a study on in-

ternational Urban Contraction and its implications for

China,” Economist, no. 4, pp. 5-13, 2014.

[6] D. Li, F. Zhang, X. Zhang et al., Biochemical and Biophysical
Research Communications, vol. 481, no. 1-2, pp. 132-138,
2016.

[7] T. Wiechmann and K. M. Pallagst, “Urban shrinkage in
Germany and the USA: a comparison of transformation
patterns and local strategies,” International Journal of Urban
and Regional Research, vol. 36, no. 2, pp. 261-280, 2012.

[8] Y. Long, “Attaching great importance to the challenge of
population contraction to urban planning,” Exploration and
Contention, no. 6, pp. 32-34, 2015.

[9] J. Deng and X. Li, “Urban shrinkage and its mechanism in
former East Germany after reunification,” World Regional
Studies, vol. 27, no. 4, pp. 90-99, 2018.

[10] K. Wu and D. Sun, “Research progress and prospect of urban
contraction,” Economic Geography, vol. 37, no. 11, pp. 59-67,
2017.

[11] H. Blanco, M. Alberti, A. Forsyth et al., “Hot, congested,
crowded and diverse: emerging research agendas in planning:
Emerging research agendas in planning,” Progress in Plan-
ning, vol. 71, no. 4, pp. 153-205, 2009.

[12] Y. Liu, Y. Liu, and R. Zhai, “Geographical research and op-
timizing practice of rural hollowing in China,” Journal of
Geography, vol. 64, no. 10, pp. 1193-1202, 2009.

[13] W. Zhang, F. Shan, C. Zheng, and R. Hu, “Multidimensional
identification and driving mechanism analysis of urban
contraction in China,” Urban development research, vol. 26,
no. 3, pp. 32-40, 2019.

[14] Y.Li, Z. Du, and X. Li, “Spatial distribution and mechanism of
urban contraction in the Pearl River Delta,” Modern urban
research, vol. 9, pp. 36-43, 2015.

[15] L. Chang, X. Ma, and H. Lu, “Jin Wenbo Exploration on the
planning paradigm of shrinking urban areas,” Journal of
urban planning, vol. 8, pp. 136-141, 2017.

[16] B. Xu, “Shrinking city and smart development -- the internal
logical matching between government governance and
market efficiency and the space for reform and innovation in
shrinking small and medium-sized cities,” Economist, vol. 12,
pp. 34-45, 2019.

[17] M. Zhang, “Qu Junxi Research on spatial pattern and gen-
erative logic of generalized urban contraction in China -- from
the perspective of population and economic scale,” Economist,
vol. 1, pp. 77-85, 2020.

[18] J. Wen, Y. Song, and H. Ren, “Assessment of urban con-
traction in China -- calculation based on data of prefecture-
level and above urban districts,” Urban problems, vol. 9,
pp. 4-10, 2019.

[19] C. M. Fernandez, I. Audirac, S. Fol, and E. C. Sabot,
“Shrinking cities: urban challenges of globalization,” Inter-
national Journal of Urban and Regional Research, vol. 36,
no. 2, pp. 213-225, 2012.

[20] C. M. Fernandez, T. Weyman, S. Fol et al., “Shrinking cities in
Australia Japan, Europe and the USA: from a global process to
local policy responses,” Progress in Planning, vol. 105,
pp. 1-48, 2016.

[21] A. Haase, D. Rink, K. Grossmann, M. Bernt, and
V. Mykhnenko, “Conceptualizing urban shrinkage,” Envi-
ronment & Planning A, vol. 46, no. 7, pp. 1519-1534, 2014.

[5

[22] X. Liu, M. Wang, W. Qiang, K. Wu, and X. Wang, “Urban
form, shrinking cities, and residential carbon emissions: ev-
idence from Chinese city-regions,” Applied Energy, vol. 261,
Article ID 114409, 2020.

[23] H. Xiao, Z. Duan, Y. Zhou et al., “CO, emission patterns in
shrinking and growing cities: a case study of Northeast China
and the Yangtze River Delta,” Applied Energy, vol. 251, Article
ID 113384, 2019.

[24] Y. Pan, N. Li, J. Zheng et al., “Emission inventory and
characteristics of anthropogenic air pollutant sources in
Guangdong Province,” Acta Scientiae Circumstantiae, vol. 35,
no. 9, pp. 2655-3266, 2015.

[25] P. A.P. Moran, “Notes on continuous stochastic phenomena,”
Biometrika, vol. 37, no. 1/2, pp. 17-23, 1950.

[26] E. J. Paul, Spatial econometrics: from cross-section data to
spatial panel, China Renmin University Press, Beijing, 2015.

[27] R. A. Beauregard, “Urban population loss in historical per-
spective: United States 1820-2000,” Environment & Planning
A, vol. 41, no. 3, pp. 514-528, 2009.

[28] P. Oswalt, Shrinking cities, Hatje Cantz, Ostfildern, Germany,
2006.

[29] J. P. Reis, E. A. Silva, and P. Pinho, “Spatial metrics to study
urban patterns in growing and shrinking cities,” Urban Ge-
ography, vol. 37, no. 2, pp. 246-271, 2015.

[30] X. H. Liu, “Spatiotemporal differentiation, dynamic evolution
and influential mechanism of urban haze pollution in China,”
Journal of Southwest University for Nationalities (Humanities
and Social Sciences Edition), vol. 2, pp. 98-113, 2019.

[31] L. Anselin, A. K. Bera, R. Florax, and M. J. Yoon, “Simple
diagnostic tests for spatial dependence,” Regional Science and
Urban Economics, vol. 26, no. 1, pp. 77-104, 1996.

[32] P. Phillips and B. E. Hansen, “Estimation and inference in
models of Cointegration: a simulation study,” The Review of
Economic Studies, vol. 57, no. 8, pp. 225-248, 1990.

[33] P. Pedroni, “Purchasing power parity tests in cointegrated
panels,” The Review of Economics and Statistics, vol. 83, no. 4,
pp. 727-731, 2001.

[34] M. Salahuddin, J. Gow, and I. Ozturk, “Is the long-run re-
lationship between economic growth, electricity consump-
tion, carbon dioxide emissions and financial development in
Gulf Cooperation Council Countries robust?” Renewable and
Sustainable Energy Reviews, vol. 51, pp. 317-326, 2015.

[35] P. Pedroni, Fully modified OLS for heterogeneous cointegrated
panels, Emerald Group Publishing Limited, Bingley, UK,
2000.



