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Abstract: Resource-based cities (RBCs) have become an important part of shrinking cities, and their
population shrinkage brings many challenges for RBCs. A lot of literature analyzes the effects of
shrinkage in RBCs, but very few explore the impact of population shrinkage on changes in their
public service levels (PSLs). How the population shrinkage affects public services in RBCs, whether
it is heterogeneous concerning the degree of shrinkage, and what the policy implications are all
need to be studied in this paper. We propose the criteria for defining population shrinkage grades
in terms of population size, population proportion, and population reduction rate, and we define
the shrinkage grades of 112 RBCs. We select 12 indicators to build an index system to measure the
PSLs of China’s RBCs, define the shrinkage grades of 112 RBCs, measure their PSLs, and analyze
the impact of population shrinkage on the public services in China’s RBCs. The results show that
there is a positive correlation between the rate of population reduction (pr) and the increased range
of PSLs (PSLIR). The population shrinkage generally contributes to the improvement of PSLs in
RBCs, but the effect is heterogeneous among the different shrinkage grades. In cities with population
growth, it inhibits the improvement of PSLs, while in cities with population shrinkage, it promotes
the improvement of PSLs. This promotion effect is phased and can only occur in the early stages of
population shrinkage. The results also reveal the effects of the control variables on the PSLs of all the
RBCs, as well as the RBCs with different shrinkage grades. These results can provide a reference for
the sustainable development of RBCs.

Keywords: RBCs; population shrinkage; PSLs; heterogeneity; China

1. Introduction

The essence of public service is the lowest level of universalized goods and services
provided by the government to guarantee the basic needs and rights of citizens. Public ser-
vices are the key factor of economic development, the driving factor of social cohesion [1,2],
and a fundamental condition for achieving equity and justice [3]; they are seen as the
‘main weapon’ [4] to address socio-spatial polarization. Improving public services plays an
important role in achieving UN Sustainable Development Goal 4 (Quality education), Goal
10 (Reduce inequality within and among countries), and Goal 11 (Sustainable cities and
communities) and in achieving the UN Millennium Development Goals. For resource-based
cities (RBCs), public services are the important driver of their sustainable development
and the key factor of urban economic transformation. Achieving the adaptation of public
services to meet the needs of the population has become the focus of regional and urban
development policies [5].

Urban shrinkage is increasingly becoming a common phenomenon [6,7], and the
proportion of RBCs experiencing population shrinkage is significantly higher than the
non-resource-based cities [8]. Many RBCs in the world are facing difficulties in economic
development, financial constraints, increasing unemployment, accelerating aging [9], and
so on. ‘Stagnant economic growth and shrinking population’ is a universal characteristic of
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many RBCs [9,10], and how to achieve sustainable development in RBCs has become an
important issue in global development. Population shrinkage brings opportunities to many
cities, especially RBCs, such as by reducing employment pressure, improving urban ecology,
promoting urban transformation, and relieving urban congestion. Population shrinkage
also poses challenges for RBCs, such as economic shrinkage [11], social disruption [12],
abandoned construction environments [13], rising unemployment [14,15], accelerated aging,
and urban planning [16]. Moreover, the adverse effects of urban shrinkage may lead to
causality and form a circular chain [17], leading to further population shrinkage [18].

Among these opportunities and challenges, the impact of population shrinkage on
public services is an important issue that needs to be further studied. Although many stud-
ies are addressing the effects of urban shrinkage [7,9–12], there is less literature specifically
examining the effects of population shrinkage on public services, and the studies have
mostly focused on one aspect of how population shrinkage affects public services. It is
generally accepted that population shrinkage leads to a decline in the number of young
workers and taxpayers [19], creating more financial difficulties in guaranteeing a high
level of public services [20], and putting pressure on the development and maintenance of
public health care, public infrastructure, and social security systems [21,22]. Population
shrinkage leads to oversupply and the underutilization of facilities [14,23], and it increases
the vacancy rate of public services facilities and housing [24,25]. Population shrinkage also
reduces the accessibility of facilities [26], lowers the tax base of cities [27], increases the
maintenance costs of public facilities [28], causes a spatial mismatch of ‘population-public
service resources’ [14,22,29], and leads to unsustainable maintenance and services [30].
Housing demolition is seen as a response to vacancy, increasing public space and the
building of a green infrastructure, but demolition causes the ‘structural perforation’ of
urban land use, affecting the permanence and accessibility of facilities [26]. In addition,
it is expensive to combat idle housing and contaminated land [13], and it is controversial
whether compact shrinkage in response to shrinkage can provide greener opportunities
for cities [31]. Empirical studies also support the idea that population shrinkage reduces
public services, such as by lowering the total public service provision, although the decline
in the PSLs in a per capita sense is not significant [32]. The above suggests that population
shrinkage will dampen the increase in the PSLs [32].

Although the negative effects of population shrinkage dominate public discourse [20],
population shrinkage also has catalytic effects on the improvement of public services, such
as by improving the satisfaction of residents’ living [20], the living quality of residents [33],
and social inclusion [24]. Population shrinkage provides vacant land for additional public
spaces [34,35], urban green open spaces, parking lots, and other public facilities [35],
improving the ecological environment [36,37] and relieving traffic congestion and public
resource congestion [30]. Population shrinkage can ease up the pressure on housing
markets and make it easier to access affordable housing in urban areas [21]. In addition,
shrinking the concomitant aging can help to increase social security and employment
and health care expenditures and to improve urban PSLs [38]. Population change is an
important factor affecting carbon emissions [39], and there is a ‘scale’ relationship between
the carbon emissions and the population [40], i.e., population shrinkage is beneficial for
carbon reduction [39,41].

Due to the ‘resource curse’ and its ‘lock-in effect’, resource depletion, and the special
development path, RBCs have led to various intertwined socio-economic and environmen-
tal problems. They may face more obstacles and challenges in sustainable development
than other types of cities, and the impact of population shrinkage on urban development is
more special and complex. Scholars have conducted numerous studies on transformational
development [42], carbon emissions [43,44], green development [44,45], and population
shrinkage and its effects [46,47], but these studies on the effects of population shrinkage on
public services are mostly mentioned as problems or countermeasures, and there is a lack
of specialized studies. The scholars have mostly argued that, in addition to a homogeneous
industrial structure [46], deindustrialization [48], policy factors [49], and poor public ser-
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vices [46,49,50] have been identified as important causes of population shrinkage in RBCs,
with the quality and livability of the amenities [51] and health services being important
factors [52]. Those regions with higher levels of public service and better urban amenities
have advantages in attracting migrants [50], while cities offering high wages but low liv-
ability might still fail to attract new residents [53]. Population shrinkage leads to a decrease
in the labor productivity of RBCs [54] and affects public services [55]; subsequently, local
inhabitants may move to other cities [49], potentially creating a cycle that eventually leads
to a decline in public services. However, the shrinkage of RBCs contributes to a reduction
in CO2 emissions [56], as well as to the fact that some RBCs have improved public services
by demolishing vacant and abandoned buildings and rebuilding green spaces to make
cities more environmentally friendly [57]. In improving the level of public services in
RBCs, the scholars have argued that the living standards of residents in shrinking RBCs
are directly related to changes in social welfare [33]. The primary governance principle,
therefore, might be to satisfy the needs of the remaining residents and improve their quality
of life [57,58], such as by introducing the concept of shrinkage in urban planning and
going for smart shrinkage [59–61]. As the value of public services can be jointly destroyed
in the interaction among public service organizations (PSO), users and third parties, a
joint effort of many parties is needed to improve public services [62]. The results of some
typical regions and resource-based shrinking cities in China, such as northeast China and
Baishan city [63], show that the level of public services can be improved by adjusting
the industrial structure, accelerating urban economic transformation, increasing social
welfare investments, improving urban livability, and adopting differentiated policies and
countermeasures [3,52,57,63].

In summary, most of the existing studies have focused on the impact of population
shrinkage on one aspect of public services, and very few comprehensive studies have been
conducted specifically on the impact of population shrinkage on public services in RBCs.
The studies are more qualitative but less quantitative, and the differences in the degree
of population shrinkage are less considered. Although there is general agreement that
population shrinkage has important implications for public services in cities, especially
RBCs, there is no consensus, and some studies even arrive at conflicting conclusions. What
impact will the population shrinkage of RBCs have on public services? Will it be to promote
or inhibit? Is there heterogeneity between different degrees of shrinkage? These problems
are not only scientific problems to be studied but also related to the shrinkage of the
governance of RBCs, especially with regard to the allocation of public service resources,
which restricts the sustainable development of RBCs.

There are many RBCs in China, and they are important components of China’s energy
and resource security base, and the stability of the national economy and social harmony
depends on the sustainable transformation of these cities. Many cities have experienced
population shrinkage since 2000, and the proportion of the shrinkage is significantly higher
in the RBCs than in the non-resource-based cities [64]. According to the results of China’s
7th National Population Census, the population of 112 prefecture-level RBCs decreased
by 2.79% compared to the 6th National Population Census in 2010, and the populations of
70 RBCs decreased. Therefore, the study of the impact of population shrinkage on the PSLs
in China’s RBCs is also a reference for RBCs in developing and even developed countries.

The contributions of this paper are as follows: (i) this paper extends the study of the
impact of population shrinkage by revealing the impact of population shrinkage on the
level of public services in RBCs; and (ii) it considers public services as an endogenous
variable that changes with the size of the population; the analysis of cities with different
shrinkage grades identifies the heterogeneity of their impact, which can provide a basis for
classified policy implementation.
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2. Material and Methods
2.1. Study Area

According to the ‘National Sustainable Development Plan for Resource-based Cities
2013–2020’ issued by the State Council in 2013, there are 262 RBCs nationwide in China,
including 126 prefecture-level administrative regions, 62 county-level cities, 62 counties,
58 counties (including autonomous counties, forest areas, etc.), and 16 municipal districts
(development zones or management zones). The study takes 112 prefecture-level RBCs as
the research area; these RBCs account for 88.88% of the total number of prefecture-level
RBCs and are the main body of the RBCs in China. The study areas are shown in Figure 1.
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Figure 1. Study area. Note: produced based on the standard map service website of the Ministry
of Natural Resources of China GS (2019) 1822, with no modification of the base map boundary (the
same as below).

2.2. Research Methods
2.2.1. Definition of RBC Shrinkage Grade

Urban shrinkage has significant manifestations in many aspects. Population decline
is a typical characteristic of urban shrinkage [22], and population size reduction is the
most reliable and comparable judgment indicator [52] and is taken as the main indicator
for identifying urban shrinkage [65,66]. Lötscher defines urban shrinkage as a decline in
population and the resulting decrease in average population density [67]; SCIRN, Alves,
Bartholomae, et al. also take population decline as the main defining indicator [59,68,69]
and determine the shrinkage grade based on the degree of population shrinkage [25,68]. In
this paper, cities with a positive rate of permanent population reduction (pr, Equation (1))
are defined as shrinking cities.

pr = −
pt − pt−1

pt−1
× 100% (1)

where pr is the population reduction rate, pt is the size of permanent population in year t,
and pt−1 is the size of the permanent population in the last population census.

There are many RBCs in China where the size of the population grows but the pro-
portion of the national population decreases. To make a distinction, such cities are defined
as relative shrinkage cities, and the cities in which both the population and its proportion
increase are defined as continuous growth cities. Considering the change in popula-
tion number, the change in population proportion, and the population decrease rate, the
shrinkage grade is classified into continuous growth, relative shrinkage, slight shrinkage,
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moderate shrinkage, and significant shrinkage, and the classification criteria are shown in
Table 1. Based on the data from China’s National Population Censuses in 2000, 2010, and
2020, we determine the number of shrinking cities and the shrinkage grade of each city in
two periods, 2000–2010 and 2010–2020, respectively.

Table 1. Criteria for defining the shrinkage grades in RBCs in China.

Continuous
Growth

Relative
Shrinkage

Slight
Shrinkage

Moderate
Shrinkage

Significant
Shrinkage

population size ↑ ↑ ↓ ↓ ↓
population percent ↑ ↓ ↓ ↓ ↓

pr (%) <0 <0 (0, 10) (10, 20) (20, 30)
Note: the ‘↑’ indicate an increase in the number, the ‘↓’ indicate a decrease in the number.

2.2.2. Measurement of PSLs in RBCs

The connotation of public services is different in different countries and at different
times, and the connotation has been expanded along with social development. Scholars
mostly believe that it includes education, transportation, medical care, culture, etc. [70].
Green spaces become part of the public goods because of their positive impact on the
residents’ physical and mental health [71], and the ecological environment is also considered
to be a basic public good or service [72]. As population shrinkage is mostly accompanied by
housing vacancies, the results of the PSLs would be exaggerated if the housing guarantee
was included in the measurement of the PSLs. China’s subsidized housing, including urban
low-cost housing, affordable housing, and public rental housing, was gradually introduced;
for example, public rental housing was implemented in 2010. Therefore, the continuity of
data and the comparability are also the reasons for not choosing the housing guarantee.
Although China has established a social security system with wide coverage, the social
security standards between rural residents and urban residents differ significantly, and the
statistical caliber is not consistent. This paper also does not consider social security with the
consideration of the operability of accurate data acquisition and the actual development of
RBCs in China.

China is promoting the equalization of public services. The basic goal is that everyone
can enjoy public services and the opportunity is equal. The population and economic
development levels of the 112 RBCs in China are obviously different. The total supply
of public services can not effectively reflect the equalization of public services, and the
relative index is common practice. Therefore, the PSL measurement index system of RBCs
based on the per capita sense is constructed. According to the literature [70,73,74], and
taking into account the ‘14th Five-Year Plan for Public Services’ issued by the State Council,
12 indicators were selected to characterize the PSLs of 112 RBCs in China, which measured
the PSLs in five aspects: public education, basic medical care, public environment, public
transportation, and public culture (Table 2).

As the data on the indicators of the public environment, public transportation, and
public culture vary greatly among the RBCs, this paper calculates the square root of these
indicators for data dimensionality reduction first. The entropy value method is used to
calculate the weights of the indicators in three years, 2000, 2010, and 2020, and the average
value of the indicator weights in 2000, 2010, and 2020 is used as the final weight of the
indicators. Then, the linear weighting sum method is used to calculate the PSL of each city
in the three years.
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Table 2. PSL measurement index system in RBCs in China.

Level Indicators Secondary Indicators Weight Properties

public education
per pupil education expenditure 0.1160 +

high school student division ratio 0.0341 −
primary student division ratio 0.0780 −

basic medical care
health technicians per 10,000 persons 0.0868 +

physicians per 10,000 persons 0.0944 +
hospital beds per 10,000 persons 0.1004 +

public environment green space per capita 0.0570 +
greening coverage rate of urban

built-up areas 0.0344 +

public transportation
urban road area per capita 0.0936 +
buses per 10,000 persons 0.0855 +
cabs per 10,000 persons 0.1125 +

public culture public library collections per 100 persons 0.1073 +

2.2.3. Theoretical Analysis and Research Hypothesis

Population shrinkage can contribute to the improvement of public services in the
following ways: (i) Under the conditions of the market economy, each city is an indepen-
dent subject of interest, and the ‘GDP-only’ promotion mechanism of officials and fiscal
decentralization in China has intensified economic competition. As a result, government
investment prefers economic infrastructure investment and cuts spending on education
and social administration [75]. All of these create a ‘crowding-out effect’ on public service
investments [76]. Combined with the reality of the overall under-supply of public services
in Chinese cities [77], population shrinkage can therefore increase the per capita level of
the public services. (ii) The central government has been concerned about the difficulties of
RBCs due to population shrinkage and has increased transfer payments and continuously
optimized policies, ensuring that more transfer payments are invested in public services.
The central government has also continued to increase policy support for RBCs and to
establish a sustainable development assessment system that reinforces people’s livelihoods;
this has helped to guide the government in shifting its focus to people’s livelihoods and
thus to improve public services. (iii) The population shrinkage in RBCs is mostly accompa-
nied by aging and a low birth rate. The loss of the working-age population, especially the
high-quality population, brings about the change of the population structure, education
structure [78], and consumption structure, and the growth of the residents’ income is
slow. Thus, population shrinkage has reduced the scale of demand for basic urban public
services [29], and this urges the government to increase spending on social security and
employment, health care, public education, and employment training investment, and
improving the urban living environment. In addition, the reducing pressure on public
service demand helps the RBCs to invest more resources in economic development, promot-
ing economic development and, ultimately, public services. Based on these, Hypothesis 1
is proposed.

Hypothesis 1. Short-term population shrinkage in RBCs contributes to higher PSLs.

Public services in China’s RBCs have lacked stable funding for a long time [3], and
the PSL is improving at a slower pace than that of the nation; public services are generally
in short supply. Due to the obvious differences in the magnitude of population shrinkage
in each shrinkage grade, the significant differences in population growth or decline will
have different effects on the PSLs of the RBCs. Second, industry is crucial for RBCs, and its
shrinkage is the main reason for the urban shrinkage in most RBCs [57], which is reflected
in the degree of population shrinkage. Industry is more dependent on the level of public
services than other sectors [78], and governments are more willing to increase the level of
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public services [32] to attract industrial firms. Specifically, in the continuous growth grade
and relative shrinkage grade of population growth, population shrinkage is unfavorable to
PSL increase, while the remaining three grades of population shrinkage are favorable to
PSL increase. Based on this, Hypothesis 2 is proposed.

Hypothesis 2. The effect of population shrinkage on PSLs in RBCs varies across shrinkage grades.

2.2.4. Model Setting

PSL changes in the RBCs are influenced by population changes and other factors,
such as economic, fiscal, urbanization, industrialization factors, and the income of the
residents. To test the effect of population shrinkage on PSLs in RBCs, the following model
is constructed.

PSLit = αi t + βshrinkit−1 + δXit + εit (2)

where i denotes the city, t denotes the year, PSL is the explanatory variable; and shrink is
the key explanatory variable of the PSL, which denotes population shrinkage. X is the
set of control variables; αi is the constant and, ε is the random disturbance term. β is the
estimated coefficient, which is the focus of this paper.

(i) If β > 0, this indicates that the population shrinkage can improve the PSL; the PSL
will increase with the increasing population shrinkage, i.e., Hypothesis 1 is proved.

(ii) If β acts in different directions at different shrinkage grades, it indicates that the
population shrinkage has different effects among different shrinkage classes, i.e.,
Hypothesis 2 is proved.

2.2.5. Variable Selection

The core explains variables. Although ‘pr’ can reflect population shrinkage, the basis
of comparison is different in different periods. In order to intuitively characterize whether
a city is shrinking, referring to Murdoch’s research findings [79], the population shrinkage
degree is used to characterize shrink. Formula (3) is used to measure shrink. If shrink is >0,
the city is shrinking, and the larger the value, the more serious the shrinkage.

shrinkit = − ln(Pit/Pi2000) (3)

where Pit is the resident population of city i in year t, and Pi2000 is the resident population
of city i in the year 2000.

According to the analysis results of the existing literature, the following factors are set
as control variables. (i) Economic development (pgdp): the economy plays a fundamental
role in guaranteeing the supply of public services; this is characterized by per capita GDP.
(ii) Urbanization (ur): urbanization and economic mutual development indirectly promote
the PSL, and public services are important elements of urbanization; this is characterized by
the urbanization rate. (iii) Industrial structure (eip): a resource-based economy dominates
the economy of most RBCs, but over-reliance on it tends to form path dependence; this
is characterized by the proportion of employees in extractive industries. (iv) Resident’s
income (eaw): autonomous population mobility is mainly due to the differences in the
residents’ income, which is caused by uneven economic development. Usually, higher
incomes lead to higher demand and a larger scale for public services, which is also more
conducive to people’s inflow; this is characterized by the average employee wage. (v) Aging
(age): many studies have concluded that aging increases public service expenditures; this
is characterized by the level of aging (age, the proportion of population over 65 years
old). (vi) Fiscal (fsr): public service supply is directly affected by fiscal factors. Fiscal
decentralization makes the government favor public service expenditures with economic
effects [80,81] and cut expenditures on education and social administration [75]. Under
high fiscal self-sufficiency, government expenditure preferences tend to move closer to
public services [82]; this is characterized by fiscal self-sufficiency.
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2.3. Data Source

The greening coverage rate of built-up areas, green park area per capita, physicians
per 10,000 persons, hospital beds per 10,000 persons, buses per 10,000 persons, cabs per
10,000 persons, public library collection per 100 persons, and urban road area per capita
were obtained from the China Urban Statistical Yearbook and the China Urban Construction
Statistical Yearbook. The remaining indicators to measure the PSLs are mainly from the
statistical yearbooks of the provinces and China Urban Statistical Yearbook. The indicator
data of the control variables are mainly obtained from the statistical yearbooks of each
province and the China Urban Statistical Yearbook; the population data are obtained
from the Chinese Population Census; the individual missing data are filled in by linear
interpolation. To reduce the heteroscedasticity and volatility caused by the non-uniform
units of variables and different sizes of the values and to make the data regression smoother,
all control variables are logarithmically processed.

3. Research Results
3.1. Population Shrinkage of China’s RBCs

Figure 2 reflects the distribution of the RBCs in each shrinkage grade in different peri-
ods with the following characteristics: (i) The number of RBCs with population shrinkage
has increased significantly, from 34 in 2000–2010 to 70 in 2010–2020, and the proportion
of shrinkage cities increased from 30.35% to 62.5%. Only 10 cities experienced a loss in
2000–2010 but growth in 2010–2020, while 47 cities shifted from growth to decline, and
these indicate that China’s RBCs are in the early stages of shrinkage [56]. (ii) The shrinkage
degree of the RBCs deepened significantly, with 71 cities showing an intensifying trend
of shrinkage, including Qitaihe, Benxi, Heihe, Tonghua, Songyuan, Tongling, etc., which
have turned from population growth to moderate shrinkage or significant shrinkage. The
intensity of the shrinkage degree is also highlighted by a significant increase in cities with
moderate shrinkage and significant shrinkage, with the number of cities of the above two
levels increasing from 3 to 25. (iii) The distribution of the shrinkage cities has expanded to
the west and south, but they are still mainly distributed in northeast China and northwest
China [7]. (iv) Northeast China is the most serious region of significant shrinkage [50,83].
All the resource-based cities shrank between 2010 and 2020, and the region‘s moderately
and severely shrunk cities accounted for 59.25% of the country‘s total, defined by some
scholars as the Chinese Bust Belt [84]. (v) Over time, the relationship between pr and
the population size changes from uncorrelated in the first stage to significant negative
correlation in the second stage; that is, ‘the smaller the population, the higher the shrinkage
level’, indicating that the RBCs with a small population size are more prone to shrinkage.
It may be related to the low economic development level of small cities, a single industrial
structure, and insignificant agglomeration benefits. The key driver factor of population
shrinkage in the RBCs in China is de-industrialization [85,86]. China’s RBCs generally
suffer from an imbalanced industrial structure, weak alternative industries, and a lack
of industrial support [87], especially as the resources tend to be depleted and the effects
of de-industrialization become more apparent. There are 24 cities that are identified as
resource-depleted cities, and only one of these cities has achieved population growth.
There are 85 mature cities and declining cities out of the 112 cities. Fifty-five of those have
experienced population shrinkage since 2010, especially those cities in northeast China. The
underdeveloped public services, such as education and medical care, urban livability [46],
also contribute to population shrinkage [50]. Maladjustment to market-oriented reforma-
tion, aging and natural population decline, and poor urban environment have also been
identified as important factors in the population shrinkage of the RBCs in China [87,88],
especially in northeastern China.
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3.2. Results of PSL Measurement

Compared to 2000, the PSLs of all the RBCs show an increase in 2020 (the PSLs of
the RBCs are shown in Table S2), with the average PSL being 0.383 in 2000, 0.469 in 2010,
and 0.575 in 2020, respectively. Compared with the national average, it led by 0.006 in
2000 and fell behind by 0.014 in 2010. The gap further widens to 0.018 in 2020, and the
number of cities above the national average decreased from 57 in 2000 to 40 in 2020. The
coefficient of variation on the PSLs in three years decreased from 0.159 to 0.099. The above
analysis shows that the PSLs of the RBCs have increased significantly since 2000, but the
growth rate of the PSLs has been slower than that of the nation, and the gap with the
nation has gradually widened [29]. The PSL difference in the PSLs among the 112 cities
decreased during 2000–2020, but the PSL difference among the cities is still at a high level.
For example, the lowest PSL city in 2020 is only 58.96% of the highest city.

Figure 3 shows the PSL classification of RBCs by using Jenks’ Natural Breaks method.
This method can group similar values most appropriately and maximize the differences
between classes and can better represent the distribution characteristics of the 112 RBC
PSLs. Although there are 39 cities with unchanged PSL grades, the overall grade structure
does not change much. The PSL grades of the 32 cities were improved, of which 8 cities
improved by 2 or more grades; these were mainly located in western China. There were
41 cities with a decline in grade, of which 7 cities with a decrease in 2 grades are all located
in central China and 6 cities are mainly located in Shanxi Province. The northern cities are
higher, such as those in northeast China and northwest China; the Southern cities are lower,
such as those in southwest China, with an obvious spatial divergence of ‘high north and
low south’.
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Figure 3. Spatial differentiation of PSL in RBCs in China: (a) 2000; (b) 2010; (c) 2020.

Figure 4 shows the PSLs of different shrinkage grades in 2000, 2010, 2020. The PSL
of the continuous growth grade is highest in 2000 and 2010, while it dropped to the third
place in 2020, and the significant shrinkage grade replaced the continuous growth grade as
the highest PSL grade. The slight shrink grade PSL is the lowest in 2000 and 2010, while
the relative shrinkage grade PSL is the lowest in 2020. The above shows that there is an
enormous difference in the improvement of the PSLs for cities with different shrinkage
levels. The internal differences of the PSLs in each shrinkage grade generally show a
decreasing trend, with only a slight increase in slight shrinkage class during 2000–2020, but
the decreasing trend slowed down significantly during 2010–2020.
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Figure 5 shows the increase range of the PSLs (PSLIR) of the cities during 2000–2010,
2010–2020, and 2000–2020. The average annual PSLIRs of the two periods were 2.25
and 2.51 percentage points, respectively, and there were 70 cities with a higher average
annual increase range in the PSLs in the latter period compared to 2000–2010. Of the
70 cities, 15 cities in northeast China and 26 cities in west China, accounting for 75% and
72.22% of the total number of respective RBCs, respectively, were also the regions with the
most pronounced population shrinkage. It shows a trend of accelerated increase as the
population shrinkage accelerates.
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3.3. Correlations between pr and PSLIR

During the period between 2000 and 2020, the PSLIRs in the continuous growth grade
and the relative shrinkage grade were 47.75% and 49.70%, respectively, while the PSLIRs in
the slight shrinkage grade, the moderate shrinkage grade, and the significant shrinkage
grade were 54.44%, 57.21%, and 61.74%, respectively. The pr and the PSLIR in the five
shrinkage grades show an obvious positive correlation (Figure 6c), and the change trends
of the two phases are generally consistent with the trends of 2000–2020 (Figure 6a,b). The
correlation coefficients between the pr and the PSLIR for the five grades in the two phases
and 2000–2020 were 0.88, 0.92, and 0.99, respectively, and were significant at a 0.05 level.
This is a positive correlation between pr and PSLIR.
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Figure 6. The pr and PSLIR of different grades in RBCs in China: (a) 2000–2010; (b) 2010–2020;
(c) 2000–2020.

The analysis of the shrinkage grade may mask individual differences, and the individ-
ual differences need to be analyzed at the city scale. The correlation coefficients between
the pr and the PSLIR of the 112 cities during 2000–2010 and 2000–2020 were 0.284 and 0.227,
respectively (Figure 7a,c), and were significant at a 0.05 level. The insignificant correlation
coefficient in 2010–2020 was caused by three cities, Guang’an, Anshun, and Liupanshui; the
correlation coefficient after excluding the above three cities was 0.216 (Figure 7b), which is
similarly significant at a 0.05 level. There is a positive correlation between the pr and the
PSLIR at both the shrinkage grade and the individual city scale.
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3.4. Model Regression Results
3.4.1. Regression Results for All RBCs

Multiple regressions are prone to multicollinearity, which affects the accuracy of the
regression results, and the variance inflation factor (VIF) is often used to check the multi-
collinearity. The covariance diagnosis showed that the VIF was less than 10, indicating that
there was no significant multicollinearity. The F-test and Hausman’s test were conducted
for choosing the estimation strategy, which shows that the fixed-effects regression result is
optimal, combined with the fact that the panel is a short panel, and the number of cities
is 112. Therefore, a fixed effects model is used for regression. As the main variables are
PSL and shrink, robustness tests are performed by adding the control variables one by one.
Table 3 shows the estimation results, whereas models 2–7 show the estimation results after
the stepwise addition of the control variables. Model 1 shows that the effect of shrink on the
PSL without the control variables is significantly positive at the 0.01 level, i.e., population
shrinkage can help to increase the PSLs of China’s RBCs. The robustness tests show that
shrink is significant at the level of 0.05 or above when the control variables are added one
by one. The estimated coefficients are in the same direction of action as when no control
variables are added, which indicates that the positive relationship between shrink and
PSL is stable; that is, the positive relationship between shrink and PSL is stable, verifying
Hypothesis 1 that population shrinkage helps to raise the PSL.

Table 3. Regression results of factors influencing the PSLs in 112 RBCs.

Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7

core variables Shrink 0.4806 ***
(0.0849)

0.2202 ***
(0.0363)

0.2134 ***
(0.0356)

0.2061 ***
(0.0342)

0.1841 ***
(0.0328)

0.1652 ***
(0.0356)

0.0906 **
(0.0394)

control variables

lnpgdp 0.1231 ***
(0.0052)

0.0948 ***
(0.0125)

0.0848 ***
(0.0123)

0.0554 ***
(0.014)

0.0589 ***
(0.0142)

0.0507 ***
(0.0137)

lnur 0.080 ***
(0.032)

0.0828 ***
(0.0307)

0.0663 **
(0.0293)

0.0661 **
(0.0292)

0.0509 *
(0.028)

lneip −0.0108 ***
(0.0033)

−0.0081 **
(0.0032)

−0.0079 **
(0.0032)

−0.0069 **
(0.003)

lneaw 0.0359 ***
(0.0096)

0.0309 ***
(0.0102)

lnfsr

lnage 0.0693 ***
(0.019)

constant C 0.526 *** −0.763 *** −0.783 *** −0.673 *** −0.69 *** −0.61 *** −0.462 ***
adjust R2 0.203 0.868 0.874 0.884 0.896 0.897 0.908

Note: ‘*’, ‘**’, ‘***’ are significant at 0.1, 0.05, and 0.01 levels, respectively; standard errors are in parentheses.

After adding the control variables, all the control variables passed the significance
test of 0.05 or were above the level in the other models, indicating that these factors
also have an impact on China’s PSLs, apart from eaw and fsr, which were insignificant,
and ur, which had a low significance level in model 7. (i) The significant positive pgdp
and eaw can be attributed to the rapid industrialization in China since 2000, which led
to the huge demand for energy and raw materials and then promoted the economic
development of the RBCs. Industrialization also contributed to a significant increase
in income and prompted the government to increase the provision of public services.
Obviously, shrink and eaw contribute to the PSLs of the RBCs with economic support and
resident demand, respectively. (ii) China is promoting human-centered urbanization, which
is named new urbanization, through the collaborative promotion of household registration
system reform and public services equalization. The agglomeration benefits of urbanization
also improve the efficiency and reduce the cost of public service provision. Therefore, the
ur has contributed to the improvement of the PSLs. The promotion of urbanization has
boosted land-related revenues in RBCs and is a mechanism that explains the positive effect
of urbanization [89]. (iii) The aging level in the 112 cities has increased from 6.78% to
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14.37% since 2000; thus, the government has been expanding the investment in pensions
and healthcare, promoting the public services related to aging. Therefore, age is significantly
positive for the PSLs. (iv) The eip is significantly negative, indicating that the development
of the resource-based economy instead inhibits the increase in the PSLs. This may be
related to the fact that the development of resource-based economies is not conducive to
their economic transformation [43], which in turn constrains economic development and
constraints spending on public services. (v) The significant decline in the financial self-
sufficiency rate of 112 RBCs since 2000, from 60.49% to 36.04%, has led to an increasingly
pronounced lack of local finance; so, fsr is not significant.

3.4.2. Regression Results for RBCs with Different Shrinkage Grades

The cointegration test is carried out first, and the equations with a VIF value over 10
are analyzed. The control variables that cause multicollinearity are eliminated, and then,
the model estimation is carried out, and the F-test and Hausman test are carried out. Table 4
shows the estimation results according to the population shrinkage grade for the whole
study period. Among these models, models 1, 3, 5, 7, and 9 are estimated without control
variables, while models 2, 4, 6, 8, and 10 are estimated including the control variables.
The estimation results show that, without adding control variables, except for the relative
shrinkage grade (but the regression coefficient is negative), the shrink is significant at the
0.01 level in the other four shrinkage grades. There is a positive effect in the three grades
of population decrease but an inhibitory effect in two grades of the population increase,
which reflects the overall under-supply of public services in China’s RBCs.

Table 4. Regression results of factors influencing PSL in RBCs with different shrinkage degrees.

Variables
Absolute Growth Relative Growth Slight Shrinkage Moderate Shrinkage Significant Shrinkage

Model1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10

core
variables shrink −0.8681 ***

(0.1927)
−0.2399 **

(0.1027) −0.0585 −0.1703 *
(0.0899)

1.0505 ***
(0.2268)

0.2302 *
(0.1291)

0.6448 ***
(0.0729)

0.3656 **
(0.1639)

0.5535 ***
(0.106)

control
variables

lnpgdp 0.081 ***
(0.0178)

0.1441 *
(0.0592)

lnur 0.0926 ***
(0.0261)

0.1902 ***
(0.0347)

lneaw – 0.0735 **
(0.0349)

0.0627 *
(0.0344)

lnage 0.1404 ***
(0.037) — –

lneip 0.015 ***
(0.0233)

−0.0143 **
(0.0064)

−0.0224 *
(0.0081)

lnfsr
constant C 0.408 *** −0.251 0.501 −0.757 *** 0.4758 *** −0.583 *** 0.498 *** −0.778 *** 0.459 *** −0.762 **

adjust R2 0.644 0.787 0.959 0.257 0.876 0.791 0.890 0.654 0.925

Note: ‘*’, ‘**’, ‘***’ are significant at 0.1, 0.05, and 0.01 levels, respectively; standard errors are in parentheses. ‘—’
indicates no participation in the return.

After adding the control variables, except for the severe shrinkage grade, the shrink is
significant at the level of 0.1 or above, and the direction of action is the same as that without
the control variables. That is, the relationship is stable in that population shrinkage has a
positive effect in those cities of population decline and a negative effect in those cities of
population growth. Consequently, Hypothesis 2 is verified.

Among the control variables, (i) the eip has a facilitating effect in the cities of the
relative shrinkage grade, and it can be attributed to the large share of the resource-based
economy. The average share of 40 cities in 2010 was 15.49%, including Huaibei and
Yangquan; Jincheng and Datong were over 30%, but the average share of the 112 cities was
only 12.7%. (ii) The effect of eaw in the relative shrinkage grade is not significant, mainly
because higher resident income promotes population increase, and the population increase,
in turn, weakens the promotion of the PSLs. Slow income increase and low income are the
main reasons for the insignificance in the significant shrinkage grade; thus, the eap is not
significant. (iii) The effects of pgdp, ur, and age on the PSLs are consistent with the national-
scale estimates. Therefore, no further description is given. (iv) The fsr is insignificant in five
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shrinkage grades, which fully illustrates the reality of over-reliance on transfer payments
for public service in China’s RBCs.

4. Discussions
4.1. Discussion on Population Shrinkage

The shrinkage of the cities is foreseeable [90]. China’s economic development has
entered a new normal, and as time goes on, more RBCs will join the ranks of the shrinking
population and the degree of shrinkage will deepen [83]. Although urban shrinkage is
not a short-term interruption of growth [7], the fact is that the smaller the population the
more pronounced the shrinkage [91], and this may cause the RBCs in China to face the
cycle of ‘population shrinkage-city shrinkage-population further shrinkage’ which was
named as a ‘vicious cycle’ by Haase et al. [18]. At the same time, population shrinkage
is a serious challenge for RBCs, especially those with a small population size coping
with urban transformation, resource depletion, and carbon emission reduction, as well as
population shrinkage. The RBCs need more policy and financial support from higher levels
of government, especially the central government, to cope with the phase war than other
cities, especially those experiencing severe population shrinkages, such as Yichun, Baishan,
Fushun, and Heihe, which should be given priority by policy makers [83].

The view that the number of shrinking RBCs in China has increased significantly
is consistent with Long et al. [92] but may not be inconsistent with the findings of some
scholars, such as Liu et al., Wang et al. [83,91], due to the study sample, the period of the
study, and the data used; the use of different characterization metrics is important [34], and
the comparison itself is not rigorous.

4.2. Discussion on Impact of Population Shrinkage on PSL

The results of this study show that population shrinkage has a positive effect on
the PSLs of the RBCs in China, thereby improving the quality of urban life [18]. This is
different from the research conclusions of Liu et al. [29] and Deng et al. [32], mainly due to
the different research objects. The latter two are based on all shrinking cities. Although
the RBCs studied in this paper have the general characteristics of shrinking cities, they
also have their particularity, such as insufficient supply of public services, the continuous
government support for economic transformation [57], the dividends of China’s rapid
industrialization, etc.; thus the results will promote public services.

The fact that population shrinkage can promote the PSLs in cities with decreasing
populations and inhibit the increase in the PSLs in cities with increasing populations
reflects the overall inadequate supply of public services in the RBCs in China [77]. As an
important determinant for the migration and settlement of migrants [93], inadequate public
service provision in RBCs in turn affects population migration [77], triggering population
movement to areas with high PSLs [94] and accelerating the population shrinkage in RBCs.
Therefore, it is important to accelerate the construction of public service systems in RBCs,
improve their PSLs and narrow the gap around the nation to slow down its population
shrinkage and promote the sustainable development of RBCs. As RBCs may experience
more severe social problems during boom periods [95], those cities that are still growing
in population likewise need to take early steps to circumvent population shrinkage. After
the control variables were gradually added, the estimated coefficients of the shrink were
significantly reduced in the regression models for 112 cities as well as for the five shrinkage
grades, which is consistent with Jarzebski et al. [21]. This requires the RBCs to adopt a
combination of measures from multiple dimensions to improve PSLs, rather than a single
measure. The boost to PSLs from the population shrinkage is short-term and will likely
only occur in the early stages of the shrinkage. (i) With the intensification of shrinkage,
the adverse effects of the shrinkage will lead to causality and form a circular chain [17],
bring about a multidimensional chain response, and lead to a lack of endogenous economic
growth momentum in the city [29]. In particular, the development of resource-based
industries usually follows a ‘boom and bust’ cycle, with urban economies declining or even
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experiencing negative growth as resources tend to be depleted [57], leaving public services
without economic support. (ii) The supply of public services has economies of scale, and
prolonged shrinkage will obviously reduce the return on the investment in public services,
making them unsustainable. (iii) The ‘resource curse’ effect and urban shrinkage, as well as
the synergistic constraint effects of both, lead to a lack of stability and durability of public
services. Moreover, RBCs are generally ‘path-dependent’ and have a crowding-out effect
on other economic activities, especially the tertiary industries, which are indispensable for
the improvement of public services. (iv) Industries dependent on natural resources with
high energy consumption and high pollution are prone to environmental and ecological
crises [96], making the cities less attractive to talent [97], and leading to the loss of highly
qualified labor, especially highly qualified management and technical personnel. High-
quality public services need to be supported by quality educational and medical resources,
higher accessibility, superior habitat, and highly qualified management personnel, which
are difficult to provide in chronically shrinking RBCs [29,32,45]. Therefore, RBCs should
pay attention to population shrinkage management instead of allowing the population
to decrease.

4.3. Discussion on Control Variables

The findings suggest that the factors affecting the PSLs in RBCs are multiple, and some
may even be fundamental [3,32], such as economic development. Instead of meeting the
needs of the remaining residents through contraction programs [58], the guiding philos-
ophy of China’s RBCs is economic growth. Therefore, efforts should be made to adjust
industrial structure diversification and reduce dependence on resource-based economies
and to avoid local government-oriented evaluation of the economic growth performance,
which impedes the coordinated development of local economies and public services [89].
Age has a significant positive effect on public services, which is consistent with Sanz and
Kotera’s view [38]. Thus, it is of positive significance for RBCs to pay attention to the
contributions of the aging to public services; to adapt to changes in public service demand
preferences brought about by demographic changes; to strengthen the construction of
aging-related medical and elderly service facilities; to promote well-being; and to enable
healthy active living to reduce chronic illness and health care costs [19] and improve the
local labor market as soon as possible. Unlike many European and American countries,
public service expenditures in most RBCs in China are mainly based on transfer payments,
and the institutional design effectively expanded the scale of local public service spend-
ing [96]. However this institutional setup not only increases the financial burden of the
central government but also tends to create development inertia in RBCs, and it is clearly
unsustainable. Incentive mechanisms should be constructed to stimulate the endogenous
development momentum of RBCs and increase the role of local finance in public service in-
vestment. In addition, fsr had no significant effect, contrary to the findings of Tian et al. [76]
based on national provincial and regional data, which precisely illustrated the special
characteristics of RBCs.

5. Conclusions

This paper proposes the criteria for defining the shrinkage grade of RBCs and measures
the shrinkage grades and the PSLs of 112 RBCs. This paper constructs a static analysis
model of PSLs and population shrinkage in RBCs and discusses the impact of population
shrinkage on PSLs. The results show a positive correlation between the pr and PSLIR and
that population shrinkage at the national level contributes to the level of public services.
However, this contribution is phased and only occurs in the early stage of population
shrinkage. There is heterogeneity among the different shrinkage grades, which is promoted
in the three shrinkage grades of population decline but is inhibited in the two shrinkage
grades of population growth. Each control variable also has the heterogeneity of the PSLs.

This paper has some limitations: although we construct a system of PSL indicators
from five aspects, it still cannot cover all the aspects of the public services. It also fo-
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cuses on supply per capita, without considering the quality, accessibility, and demand for
public services. Using only the total population to identify shrinking cities may also be
inaccurate and affect the identification of population shrinkage grades. We suggest that
the government expand the statistics of the indicators of the public services, especially in
social security, housing security, and urban–rural employment, and make them as much as
possible connected to the scope of statistics, such as municipalities, municipal districts, and
urban physical territories. In addition, exploring the impact of population shrinkage on
the different areas and regions of public services may yield some interesting findings. The
threshold for the population shrinkage at which to promote higher PSLs in RBCs is also
worth exploring.
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