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The influence of urban haze pollution on urban shrinkage in China – An analysis 43 

of the mediating effect of the labour supply 44 

Abstract: Panel data of 234 cities in China from 2011 to 2018 is used to measure 45 

the urban shrinkage index. PM2.5 is used as an indicator of haze pollution, and labour 46 

supply is the mediator. On this basis, the influence mechanism of haze pollution on 47 

urban shrinkage is analysed theoretically. Next, using the dynamic panel model and 48 

the mediating effect model, we empirically examine the impact of urban shrinkage on 49 

haze pollution and the mediating effect of labour supply. The main findings are as 50 

follows: haze pollution increases the degree of urban shrinkage, and labour supply 51 

plays a regulatory role in the process of haze pollution affecting urban shrinkage. 52 

According to our research, pertinent policies and suggestions are proposed to reduce 53 

both urban shrinkage and haze pollution. 54 

Key words: haze pollution; urban shrinkage; labour supply; mediation effect; 55 

SYS-GMM; China 56 

1. Introduction 57 

China's urbanisation has been rapid since the reform and opening-up. In 2019, 58 

the proportion of the urban population was as high as 60.6%. Most of China’s cities 59 

have had obvious spatial expansion, which has strongly promoted China's economic 60 

growth. However, some cities are shrinking. The “Key Tasks for New Urbanization 61 

Construction in 2019” issued by the China Development and Reform Commission 62 

first proposed the concept of a “shrinkage city”. This paper proposes a new type of 63 

urbanisation strategy, which uses promoting human urbanisation as the core and 64 

improving quality as the main guidance. The shrinkage of small and medium-sized 65 

cities should be thin and strong, change the inertia in incremental planning thinking, 66 

and strictly control the increment. Additionally, since 2013, China's urban haze 67 

pollution has occurred frequently and seriously threatens the steady operation of the 68 

social economy. This persistent problem of haze pollution in Chinese cities harms 69 

public health and China’s international image. The Chinese government has said 70 

about the problem of haze pollution that “green water and green mountains are golden 71 

mountains and silver mountains”, and implemented policies to decrease pollution.  72 
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Thus, what is the impact of urban haze pollution on urban shrinkage, and what is 73 

the mediating effect of haze pollution on urban shrinkage in China? The literature has 74 

not answered these two questions. Thus, this paper aims to answer these questions by 75 

investigating the impact of haze pollution on urban shrinkage and providing 76 

suggestions for the governance of haze pollution and urban shrinkage. 77 

2. Literature review  78 

The research on urban shrinkage has focused on the measurement and causes of 79 

urban shrinkage. The measurement of urban shrinkage mainly adopts single index 80 

analysis as a method. Among them, the population size indicator is the most 81 

commonly used indicator. For example, Oswalt et al. (2006) regarded the loss of 82 

population accounting for more than 10% of the total population or the average annual 83 

population loss rate greater than 1% as the threshold value for judging urban 84 

shrinkage. Schilling and Logan (2008) used the standard of 40 years of continuous 85 

population loss greater than 25% to identify shrinking cities. There are also 86 

multi-dimensional indicator methods. The major indicators include economic 87 

indicators, spatial statistics, geographic landscape detection, and new data (Reis et al., 88 

2015). The causes of urban shrinkage include economic, social, and environmental 89 

factors (Reckien and Martinez, 2011; Martinez F et al., 2016). China is characterised 90 

by the influx of many individuals from the central and western regions and small and 91 

medium-sized cities into the developed eastern cities. There is also a strong 92 

correlation between the changing factors of population structure and urban shrinkage 93 

in China. The imbalance of regional economic development caused by globalisation, 94 

ageing, and an urban administrative hierarchy with Chinese characteristics are the 95 

major causes of urban shrinkage in China. 96 

The literature on haze pollution in Chinese cities is abundant. Many documents 97 

have conducted in-depth discussions on the influencing factors of urban haze 98 

pollution, which can be divided into two aspects: natural factors and socio-economic 99 

factors. Regarding natural factors, many studies have shown that temperature 100 

(Mazeikis, 2013), precipitation (Tai et al., 2010), wind speed (Lee et al., 2015), 101 

relative humidity (Whiteman et al., 2014), and air pressure (Li et al., 2014) play an 102 
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important role in the formation process of haze pollution. Haze pollution is caused by 103 

natural phenomena and human economic activities. Therefore, many scholars have 104 

investigated the influencing factors of urban haze pollution from the perspective of 105 

social and economic development, for example, urbanisation (Akimoto, 2003; Xu and 106 

Lin, 2016), industrial structure (Cheng K., 2019), economic development (Dong et al., 107 

2019), transportation (Fang et al., 2016), and environmental regulation (Li et al., 108 

2019). 109 

The aforementioned documents laid the foundation for the writing of this article, 110 

but other aspects are worthy of further in-depth discussion: First, in terms of the 111 

influencing factors of urban shrinkage, haze pollution has been rarely studied as an 112 

important influencing factor of urban shrinkage. Second, the literature has 113 

investigated the impact of haze pollution on health and economic development quality, 114 

but studies on the effect of haze pollution on urban shrinkage have been relatively rare. 115 

Third, labour supply has rarely been used as a mediator to analyse the effect of haze 116 

pollution. 117 

Based on the aforementioned research, this paper intends contributing the 118 

following expansion: First, the influence of haze pollution on urban shrinkage is 119 

discussed in depth theoretically, enriching the literature on the influencing factors of 120 

urban shrinkage and haze pollution. Second, labour supply is used as a mediator to 121 

analyse its transmission effect in the process of haze pollution affecting urban 122 

shrinkage. Third, to control endogenous problems, a dynamic econometric model is 123 

used to empirically test the impact of haze pollution on urban shrinkage and the 124 

mediating effect of labour supply. 125 

3. Theoretical analysis and research hypothesis 126 

Haze pollution, an atmospheric phenomenon in which smoke particles gather in 127 

relatively dry air (Friedlander and Marlow, 1977), negatively affects human health, 128 

transportation, national economic operations, and residents’ lifestyles (Li and Zhang, 129 

2014; Shi et al., 2016). PM2.5 is the main component in haze pollution that harms 130 

human health and can enter the human circulatory system and cause respiratory tract 131 

inflammation and other diseases (Feng et al., 2015). Additionally, when haze pollution 132 
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occurs, visibility decreases, causing visual deviations that cause, for example, traffic 133 

accidents.  134 

Haze also has economic effects at the country level. For example, Quah and 135 

Boon (2003) demonstrated that the economic loss due to the PM10 in haze pollution in 136 

Singapore was approximately US$3.662 billion. Haze also affects individuals’ 137 

lifestyles. For example, the schools in Nanjing and other cities close when haze 138 

pollution is serious and some have built indoor sports halls to protect students from 139 

the health hazards of haze pollution. At present, China's market economy is improving 140 

daily, and labour employment has great autonomy. In particular, some highly educated 141 

members of the labour force, in addition to the requirements for positions and salary, 142 

are paying more attention to the living environment of the city, such as air quality. 143 

Therefore, when haze pollution occurs in a city, some qualified residents, such as 144 

high-quality and high-tech residents, will flow out of the city by changing their 145 

working places. The outflow of urban residents has led to a decrease in the labour 146 

supply, industrial recession, and space vacancy, resulting in urban shrinkage. Based on 147 

this phenomenon, our proposed hypotheses are as follows: 148 

Hypothesis 1: Haze pollution will increase the degree of urban shrinkage. 149 

Hypothesis 2: Labour forces play a mediating role in the process of haze 150 

pollution affecting urban shrinkage. 151 

4. Methodology and data 152 

4.1. Econometric model 153 

To test Hypothesis 1, the following economic model is established: 154 

    2

0 0 2.5 1 2.5ln + lnit it it j ijt i t itCS PM PM x           （ ）
                 (1) 

155 

In formula (1), i  is the city, t is the year, 
2.5PM is the core explanatory variable 156 

haze pollution, and 
ijt

x  is a series of control variables, including the proportion of 157 

tertiary industry, urban greening, and economic development. 
i

  is the unobservable 158 

regional individual effect, 
t
 is the time effect, 

it
 is a random interference item that 159 

obeys a normal distribution, and 
i

  is not related to
it
  160 
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Studies have shown that the static panel model may have missing variables and 161 

endogenous problems; thus, the following dynamic panel model is established: 162 

2

0 1 , 1 0 2.5 1 2.5+ ln + lnit i t it it j ijt i t itCS CS PM PM x            （ ）
          (2)                 

163 

, 1i t
CS  is the first-order lag of urban shrinkage. 164 

The dynamic panel model of formula (2) incorporates the explanatory variable 165 

city shrinkage as an explanatory variable into the model, which can control the 166 

endogeneity and increase the accuracy of the estimation result. 167 

After the establishment of Hypothesis 1, Hypothesis 2 is established according to 168 

the mediation model. Mediation refers to the influence of an explanatory variable (X) 169 

on the explained variable (Y) through a third-party variable transfer called mediation 170 

(MacKinnon et al., 2000). The mediation model has been often used in environmental 171 

and other research fields (Dubey et al., 2019). The causal step method has been the 172 

most commonly used to test the mediating effect (Baron and Kenny, 1986; Chen et al., 173 

2020) 174 

i
Y cX e 

                                                      (3) 
175 

i
M aX e 

                                                     (4) 
176 

i
Y c X bM e  

                                                  (5) 
177 

The first step is to check whether the coefficient c in the coefficient formula (3) 178 

is significant. The second step is to check whether the coefficient a in formula (4) is 179 

significant. The third step is to check whether the coefficient and b in formula (5) are 180 

significant. If c , a , and b are all significant, yet c  is not significant or significant 181 

but the coefficient value decreases, M is a mediator.  182 

0 1 , 1 0 2.5ln ln + lnit i t it j ijt i t itLS LS PM x                              (6) 
183 

2

0 1 , 1 0 2.5 1 2.5 2+ ln + ln lnit i t it it it j ijt i t itCS CS PM PM LS x              （ ）
  (7)

 184 

To test Hypothesis 2, formulas (6) and (7) are established. lnLS is the logarithm 185 

of labour supply. In the mediating test, CS is the explained variable, lnLS is the 186 

mediator M , and lnPM2.5 is the explanatory variable X . Formula (2) corresponds to 187 
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formula (3). Formulas (6) and (7) correspond to formulas (4) and (5). 188 

4.2. Data description 189 

This paper uses the data from 2011 to 2018 in 234 cities in China as the research 190 

sample. The original data are from China's Urban Statistics Yearbook and China's 191 

Urban Construction Yearbook from 2010 to 2019, as well as the statistical yearbooks 192 

and environmental bulletin of 234 cities in corresponding years. The missing value is 193 

filled through interpolation. 194 

4.3. Variables’ selection 195 

4.3.1. Measurement of urban shrinkage 196 

Urban shrinkage is the explained variable of this article. According to Murdoch 
197 

III (2018), formula (8) is used to measure urban shrinkage (CS). 
198 

2010

- ln( )it
it

i

POP
CS

POP
                                                 (8) 

199 

In formula (8), POPit represents the population of the urban area during t. 
200 

POPi2010 represents the urban population in the base period of 2010. A negative sign is 
201 

added to the formula so that the greater the loss of population, the greater the urban 
202 

shrinkage. Without the negative sign, this phenomenon would be reversed.                                               
203 

The descriptive statistics of each variable are presented in Table 1. 204 

4.3.2. Haze pollution 205 

In this paper, PM2.5 is used to refer to haze pollution, and the unit is µg/m3.PM2.5 206 

has been monitored in some cities in China since the end of 2012. In January 2013, 207 

the new “Ambient Air Quality Standard” was implemented, and PM2.5 concentration 208 

data in 74 cities were released. Therefore, the PM2.5 data of 234 cities from 2011 to 209 

2016 were obtained from the Battelle Institute and the international geoscience 210 

information network centre of Columbia University. The grid data of annual mean 211 

PM2.5 was measured by satellite borne equipment, and then PM2.5 concentration value 212 

was obtained by ArcGIS software (Van donkelaar, 2010). The 2017 data are from the 213 

PM2.5 concentration ranking of 365 cities in China released by Greenpeace. The 2018 214 

data comes from the statistical yearbooks of each city. 215 

4.3.3. Mediator and control variables 216 
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The mediator is labour supply (LS), expressed by the number of employees at the 217 

end of the year, and the unit is 10,000. Control variables include the proportion of the 218 

tertiary industry (TI), urban greening (GR) and economic development (GDP). The 219 

proportion of the tertiary industry is expressed by the proportion of the added value of 220 

the tertiary industry in GDP, and the unit is %; urban greening is expressed by the rate 221 

of green space in the built-up area, and the unit is %. Economic development is 222 

represented by the per capita real GDP of each city. Taking 2011 as the base year, the 223 

GDP per capita index is used to convert it into constant price GDP. 224 

The descriptive statistics of each variable are shown in Table 1. 225 

Table 1 226 

Descriptive statistics of variables. 227 

Variable Observations Mean Median Max Min Sum 

CS 1861 -0.1217 -0.070 0.618 -1.154 -226.578 

PM2.5 1861 40.047 38.000 86.588 5.343 74529.17 

LS 1861 64.492 37.366 986.870 5.110 120020.6 

TI 1861 42.840 39.630 4139.000 10.150 79726.60 

GR 1861 36.290 36.800 56.580 4.780 67536.26 

GDP 1861 41482.16 35335.81 406647.7 8877.00 77198295 

 228 

5. Results and discussion 229 

5.1. Multicollinearity test 230 

A Pearson correlation test was used to test whether there was multicollinearity 231 

among variables. The results are shown in Table 2. The correlation coefficients 232 

between many variables did not pass the significance test. Some variables passed the 233 

significance test, but the correlation coefficients were lower than 0.45. 234 

Table 2   235 

Pearson correlation test. 236 

CS PM2.5 LS TI GR GDP 

CS 1 
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PM2.5 -0.067*** 

1 （0.003） 

LS -0.035 0.139*** 

1 （0.121） （0.000） 

TI -0.015 -0.002 0.042* 

1 （0.512） （0.915） （0.069） 

GR -0.008 0.086*** 0.111*** 0.029 

1 （0.727） （0.000） （0.000） （0.203） 

GDP 0.012 0.074*** 0.443*** 0.037 0.264*** 

1 （0.578） （0.001） （0.000） （0.102） （0.000） 

*p ≤ 0.10, **p ≤ 0.05, ***p ≤ 0.01. The number in ( ) is the p value. Table 4-7 have 237 

the same format. 238 

The variance inflation factor (VIF) was further used to test the multicollinearity 239 

between variables, and the results are shown in Table 3. Generally speaking, if the 240 

VIF value is greater than 5, there is multicollinearity between variables. The VIF 241 

value of each explanatory variable in Table 3 is low, lower than 1.1, and indicate that 242 

there is no multicollinearity between the explanatory variables. Therefore, an 243 

empirical analysis can be conducted. 244 

Table 3                     245 

VIF test. 246 

变量 VIF 1/VIF 

PM2.5 1.011 0.989 

LS 1.004 0.996 

TI 1.005 0.995 

GR 1.014 0.986 

GDP 1.008 0.992 

5.2. Panel unit root tests  247 

To prevent false regression, unit root test should be performed on the stability of the 248 

data. In this paper, ADF Fisher, PP Fisher and LLC methods are used, and the results 249 



10 

 

are shown in Table 4. Each method shows that the level value of each variable is 250 

stable, that is, the original sequence of each variable rejects the null hypothesis and is 251 

a stationary sequence, and the next step of regression analysis can be performed. 252 

Table 4 253 

Results of panel unit root tests. 254 

 ADF-Fisher PP-Fisher LLC 

CS 529.923**（0.024） 552.737***（0.004） -24.522***（0.0000） 

PM2.5 834.788***（0.000） 
 

 915.609***（0.000） 
 

-17.924***（0.000） 

LS 979.226***（0.000） 852.834***（0.000） -57.060***（0.000） 

TI 616.051***（0.000） 1049.610***（0.000） -19.481***（0.000） 

GR   770.041***（0.000） 
 

 773.805***（0.000） 
 

-70.347***（0.000） 

GDP 649.485***（0.000） 649.485***（0.000） -20.819***（0.000） 

5.3. Results for the baseline model  255 

To test Hypothesis 1, formula (2) is regressed. Moreover, this model is the basis 256 

for subsequent hypothesis testing and is a baseline model. Haze pollution and urban 257 

shrinkage are long-term processes, and the dynamic panel model can best reflect the 258 

relationship between them. Generalised method of moments (GMM) can effectively 259 

manage endogenous problems; thus, this paper uses this method to estimate formula 260 

(2). GMM is divided into the differential GMM model (DIFF-GMM) and system 261 

GMM model (SYS-GMM). The results are presented in Table 5. GMM requires that 262 

the residual sequence of the sample does not have second-order or higher-order 263 

autocorrelation, and the instrumental variables have strict exogeneity. Therefore, the 264 

Arellano-Bond (AR) serial correlation test and Sargan test are required for the 265 

estimation results. In DIFF-GMM and SYS-GMM, the P value of AR(1) is less than 0, 266 

and the P value of AR(2) is greater than 0.1, indicating that the residual sequence of 267 

the sample has a first-order negative correlation, but there is no second-order and 268 

above. The dynamic model has passed the correlation test.  269 

In addition, the Sargan test is necessary to identify whether the instrumental 270 

variables are valid. The null hypothesis is that all the instrumental variables are valid. 271 
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If the corresponding P value is greater than 0.1, the null hypothesis is accepted at the 272 

10% significance level. All P values of the Sargan test are greater than 0.1, the null 273 

hypothesis is accepted, and the instrumental variables are valid. The AR and Sargan 274 

tests show that the selection of DIFF-GMM and SYS-GMM instrument variables in 275 

Table 5 is reasonable, the model identification is effective, and the estimation results 276 

are consistent and reliable. The first-order lag of urban shrinkage is significantly 277 

positive, that is, the urban shrinkage in the previous period will have a positive effect 278 

on the urban shrinkage in the next period. In addition, regarding the comparison of as 279 

-GMM and SYS-GMM, the estimation result of SYS-GMM is more effective 280 

(Blundell and Bond, 1998; Roodman, 2009). Therefore, the following discussion 281 

mainly analyses the estimation results of SYS-GMM. 282 

Column (4) only regresses the haze pollution and the square of haze pollution, 283 

and columns (5) and (6) increase the control variables. In columns (4)–(6), the 284 

coefficient of haze pollution is positive, the coefficient of haze pollution square is 285 

negative, and both pass the significance test. This finding demonstrates an inverted 286 

U-shaped curve between haze pollution and urban shrinkage, that is, when the haze 287 

pollution increases, the degree of urban shrinkage increases. However, when the haze 288 

pollution reaches a certain point, the urban shrinkage reaches its maximum. 289 

Subsequently, an increase in haze pollution decreases urban shrinkage because the 290 

haze pollution causes the labour force, capital, and other resources to flow out of the 291 

city; the supply of labour, capital, and other resources to decrease; and buildings to 292 

become vacant. However, cities do not shrink indefinitely. When the urban shrinkage 293 

reaches a certain point, the local government will probably implement measures to 294 

reduce the degree of urban shrinkage. 295 

Table 5  296 

Estimation results of baseline model regression 297 

Variable DIFF-GMM SYS-GMM 

 （1） （2） （3） （4） （5） （6） 

L.CS 0.9565*** 0.8170*** 0.8160*** 0.9561*** 0.9447*** 0.9464***
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（0.000） （0.000） （0.000） （0.000） （0.000） （0.000） 

lnPM2.5 0.1453***

（0.003） 

0.1434**

（0.020） 

0.1378**

（0.027） 

0.1128***

（0.001） 

0.1123**

（0.036） 

0.1027*

（0.095） 

（lnPM2.5）2 -0.02210***

（0.002） 

-0.0195**

（0.029） 

-0.0188**

（0.037） 

-0.01648***

（0.001） 

-0.0159**

（0.043） 

-0.0153*

（0.051） 

lnTI  -0.0546***

（0.002） 

-0.0548***

（0.002） 

 -0.0126**

（0.039） 

-0.0102*

（0.095） 

lnGR  -0.1172***

（0.001） 

-0.1146***

（0.001） 

 -0.0083

（0.661） 

0.0035

（0.861） 

lnGDP   -0.0111

（0.308） 

  -0.0098

（0.168） 

AR（1） 0.000 0.0000 0.0000 0.000 0.000 0.000 

AR（2） 0.9102 0.9390 0.9283 0.9122 0.9232 0.9245 

Sargan test 0.7590 0.4704 0.4964 0.4615 0.3500 0.4398 

Notes: ①AR(1), AR(2) and Sargan test provide the P value of the test respectively; 298 

②L1. represents the lagging period of the variable, the same as below.  299 

5.4. Results for mediation test  300 

Based on the aforementioned results, according to the causal step method, 301 

Hypothesis 2 is tested. Because Hypothesis 1 is true, the first step of the mediation 302 

effect test is true. Therefore, only the second and third steps are tested. Based on 303 

formula (6), we examine the impact of haze pollution on labour supply, that is, we test 304 

the second step; the results are presented in Table 6. The impact of haze pollution on 305 

the labour supply is significantly negative: haze pollution will reduce the labour 306 

supply in cities. Every 1% increase in haze pollution reduces labour supply by 307 

1.4585%, which passed the second-step test of the mediating effect.  308 

The impact of haze pollution on the labour supply is also called environmental 309 

migration, that is, the negative impact of haze pollution on human health, 310 

transportation, and other aspects produces a “driving effect”. A part of the labour force, 311 

especially the workers with higher education levels, will move from their current 312 
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locations and find jobs in other cities to protect their and their families’ health; this 313 

phenomenon reduces the labour supply. 314 

Table 6   315 

Result of the second step of the causal steps approach. 316 

Variable （1） （2） （3） 

L.lnLS 1.0013***（0.000） 1.431***（0.000） 1.308***（0.000） 

lnPM2.5 -0.9651***（0.004） -2.6370***（0.001） -1.4585*（0.087） 

lnTI 0.1691（0.328）  -0.3566*（0.079） 

lnGR 0.8071***（0.000） -0.1655（0.510）） -0.0388（0.861） 

lnGDP  0.8106***（0.000） 0.5406**（0.015） 

AR（1） 0.000 0.001 0.006 

AR（2） 0.122 0.308 0.145 

Sargan test 0.675 0.587 0.786 

Based on formula (7), the third step is used to examine the impact of the labour 317 

supply on urban shrinkage; the results are presented in Table 7. The coefficient of 318 

labour supply is significantly negative, and the coefficients of haze pollution and the 319 

square of haze pollution are greater than 0 and less than 0, respectively, and both pass 320 

the significance test. Compared with the results in column (6) of Table 5, the 321 

coefficients of haze pollution and the square of haze pollution change from 0.1027 322 

and -0.0153 to 0.1221 and -0.0166, which passes the third-step test of the mediating 323 

effect. 324 

The impact of labour supply on urban shrinkage is significantly negative, that is, 325 

an increase in labour supply reduces the degree of urban shrinkage. This finding 326 

confirms Hypothesis 2, that is, the labour supply has a significant mediating effect in 327 

the process of haze pollution affecting urban shrinkage. 328 

As aforementioned, haze pollution causes the labour force to withdraw from the 329 

employment market and triggers urban shrinkage. Moreover, for cities with haze 330 

pollution the outflow of high-end talent, such as scientific and technological personnel, 331 

reduces technological innovation ability, slows the level of economic development, 332 
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and aggravates the degree of urban shrinkage. 333 

Table 7 334 

Result of the third step of the causal steps approach. 335 

变量 （1） （2） （3） （4） 

L.CS 0.9429***

（0.000） 

0.9537***

（0.000） 

0.9429***

（0.000） 

0.9421***

（0.000） 

lnPM2.5 0.1240**

（0.018） 

0.1771***

（0.002） 

0.1240**

（0.018） 

0.1221**

（0.020） 

（lnPM2.5）2 -0.0169**

（0.027） 

-0.0247***

（0.003） 

-0.0169**

（0.027） 

-0.0166**

（0.031） 

lnLS -0.0162***

（0.001） 

-0.0122***

（0.001） 

-0.0162***

（0.001） 

-0.0171***

（0.001） 

lnTI 
 

-0.0264***

（0.007） 

-0.0122**

（0.049） 

-0.0120*

（0.055） 

lnGR 
  

-0.0113 

（0.535） 

-0.0072 

（0.722） 

lnGDP 
   

-0.0025 

（0.730） 

AR（1） 0.0000 0.0000 0.0000 0.0000 

AR（2） 0.9227 0.9200 0.9227 0.9231 

Sargan test 0.6440 0.5215 0.6440 0.6273 

6. Conclusions and implications 336 

This paper studies whether labour supply is a mediator in the process of haze 337 

pollution affecting urban shrinkage. Panel data of 234 cities in China from 2011 to 338 

2018 is used to measure the urban shrinkage index. PM2.5 is used as an indicator of 339 

haze pollution, and labour supply is the mediator, and the dynamic panel model is 340 

used for research.  341 

The conclusions are as follows: 342 

(1) Hypothesis 1 is verified by constructing a dynamic model, that is, haze 343 

pollution increases the degree of urban shrinkage; (2) By constructing a mediating 344 
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model, and we verify Hypothesis 2. That is, labour supply plays a regulatory role in 345 

the process of haze pollution affecting urban shrinkage; (3) For the control variables, 346 

the proportion of tertiary industry, urban greening and economic development can 347 

slow down urban shrinkage. 348 

Based on our conclusions, our proposed policy suggestions are as follows: 349 

First, local governments at all levels should increase their awareness of haze 350 

prevention and strengthen their evaluation of haze pollution. Although the haze 351 

pollution in Chinese cities has been reduced, it still occurs, especially in autumn and 352 

winter. Therefore, local governments at all levels should strengthen the prevention of 353 

haze pollution and incorporate the prevention and control of haze pollution into their 354 

routine work. Additionally, the assessment of haze pollution by local governments 355 

should be included in the assessment of local government officials so that local 356 

governments can implement effective haze pollution control. 357 

Second, governments should strengthen cooperation between cities. Haze 358 

pollution has spatial spillover (Liu X H, 2018). Therefore, cities must communicate 359 

with each other and cooperate to establish a regional cooperative prevention and 360 

control platform, for example, the development of control plans, the establishment of 361 

environmental protection regulations, and regulations between regions. In addition to 362 

the cooperation between cities with severe haze pollution, for example, Beijing, 363 

Tianjin, and Hebei, the cities with better environmental quality in the South can also 364 

conduct "South–South cooperation" to ensure the continuous maintenance of excellent 365 

air quality. "North–South cooperation" would also be helpful. Southern cities with 366 

good air quality can share their experiences with northern cities to help northern cities 367 

improve their air quality. 368 

Third, governments should adopt scientific and technological methods to control 369 

haze pollution, and China is implementing a strategy of scientific and technological 370 

innovation. Studies have shown that haze pollution is closely related to automobile 371 

exhaust, coal, and other energy consumption (Liu X H, 2021); thus, for example, 372 

automobile exhaust can be controlled by policy that promotes scientific and 373 

technological means. Additionally, through publicity and other means, the public 374 
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should be encouraged to use public transportation much as possible to reduce the use 375 

of private cars and automobile exhaust emissions. The Chinese government should 376 

also continue to develop clean energy and realise energy substitution. 377 

Fourth, governments should assess urban shrinkage and conduct scientific 378 

planning. In China, urban regional planning has always been growth oriented, and 379 

urban planners have rarely considered urban shrinkage. As aforementioned, the term 380 

"Shrinking Cities" was first explicitly proposed in China's official documents in 2019. 381 

Therefore, planners must recognise the reality of China's urban shrinkage and realise 382 

planning policies, means, and tools consistent with urban shrinkage and formulate 383 

specific corresponding countermeasures to the urban shrinkage in the context of local 384 

conditions. Some shrinking cities can follow the trend and make institutional 385 

innovations based on the local economic reality to improve R&D and human capital 386 

investment. Additionally, technological innovation should be used to promote the 387 

transformation and upgrading of the industrial structure and improve the driver of 388 

urban economic growth. For shrinking cities with fragile ecological environments, 389 

vacant land should be transformed through ecological restoration to improve the 390 

ecological environment, demolishing outdated buildings, and building public leisure 391 

squares to enrich the quality of life of urban residents. These measures can improve 392 

the working and living conditions of residents and attract the inflow of foreign 393 

residents, alleviating urban shrinkage. 394 

Fifth, each city should establish a strategy of strengthening the city with talent. A 395 

decrease in the labour supply will increase the degree of urban shrinkage. That is, 396 

high-quality, high-tech talent has the means to pay more attention to their health than 397 

the lower-wage workforce; thus, the former leverages its advantages and is more 398 

likely to flow out and strengthen the degree of urban shrinkage. Therefore, to slow the 399 

degree of urban shrinkage, talent must be retained by and attracted to a city. To 400 

achieve this objective, governments can implement measures to reduce the pressure of 401 

work and life for high-quality and high-tech talents, to make them have a sense of 402 

belonging to the city and curb their outflow. Additionally, governments should 403 

actively promote preferential policies such as wages and incentives to introduce talent. 404 
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Other methods to optimise the investment environment and reduce taxes to attract 405 

more high-quality labour while attracting capital inflow should be researched. Only 406 

by maintaining sufficient labour resources, especially high-quality talent, can a city be 407 

full of vitality and restrain urban shrinkage.  408 
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