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Equilibrium in adversity: balancing public service
supply and demand during population decline
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Amidst global demographic shifts, China’s negative population growth since 2022 under-

scores the urgent need for population-adaptive public service equilibrium. This study

assesses the coupling coordination degrees between population and public service (P-PS

CCD) across 1733 Chinese counties for the years 2000, 2010, and 2020, employing the

Geographical Detector Model (GDM) to examine influencing factors. The findings reveal

consistently low P-PS CCD levels, indicating a delayed response of public service systems to

population trends and significant spatial disparities influenced substantially by administrative

factors. This research offers valuable insights for countries and regions experiencing or about

to experience similar population changes.
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Introduction

W ith the drastic changes in global population size and
structure, particularly the emergence of population
declines in some countries, achieving equilibrium

between public service supply and demand has become an
increasingly urgent global challenge (Wu et al., 2022). Policy-
makers and researchers must seek new approaches to ensure the
effective provision and equitable distribution of public services.
Existing research has primarily focused on how policy innova-
tions address challenges posed by population decline, showing a
shift from income-maintenance social policies to proactive social
policies aimed at human capital creation, mobilization, and pre-
servation, with Japan and South Korea as notable examples (Lee
and Kim, 2022). However, studies on policy implementation from
the perspective of local government action within hierarchical
organizations remain insufficient. Therefore, this study system-
atically examines China as a case, providing a unique perspective
and valuable case study on how local governments worldwide
might address the public service equilibrium crisis triggered by
population decline.

China’s challenges in achieving public service equilibrium amid
significant demographic changes are distinct from those faced by
other countries and regions, including the following:

(1) As one of the most populous countries globally, with over
1.4 billion people, or about 18% of the global population,
China presents significant demographic shifts that make it
an essential case (Hertog, 2023). China has recently entered
a new era of population decline: in 2022, its total population
dropped by 8.5 million compared to 2021, with a natural
growth rate of −0.60‰1, marking the first time in 61 years
that China’s natural growth rate has led to a population
decrease due to intrinsic population inertia. This trend
continued in 2023, with a further reduction of 20.8 million
people and a natural growth rate of −1.48‰2, signaling a
sustained and intensified population decline. The United
Nations (2024) projects that from 2024 to 2054, China’s
population could decrease by 204 million, followed by
Japan and the Russian Federation, with declines of 21
million and 10 million, respectively. The challenges to
public service equilibrium brought about by China’s
dramatic population changes are distinct from those faced
by other countries and regions.

(2) China implemented a strongly government-guided popula-
tion policy, which contributed to the sharp drop in fertility
rates in the 1970s and the more gradual declines in the
1980s and 1990s (Zhang, 2017).

(3) China’s urbanization process, which favors large and
medium-sized cities, has resulted in significant population
and structural changes in most counties. Since the 1990s,
due to rural-to-urban migration, many counties have
experienced a decline in permanent residents, compounded
by persistently low fertility rates. This has resulted in
significant changes in both the population size and
structure in most counties. On the other hand, the public
service resource allocation based on the dual urban–rural
household registration system has created even greater
challenges for supply capacity in these counties (Xu et al.,
2022).

(4) China is a unitary state where the central government is
responsible for policy formulation, while local governments
are in charge of implementation, ensuring policies are
suited to local conditions (Deng and O’Brien, 2013). Under
this vertical accountability framework, local governments
act as agents of the central government, primarily aiming to
meet the assessment requirements of higher authorities

through the achievement of bureaucratic goals. This
arrangement limits local governments’ fiscal autonomy,
thereby reducing their incentives to improve public services
(Eaton and Kostka, 2014). Therefore, local governments
play a central role in the public service supply and
managing equilibrium in China. Their fiscal capacity and
governance efficiency directly impact the quality and
accessibility of public services, especially amid demographic
changes. For instance, how local governments adapt to
issues such as population aging and a shrinking workforce
through fiscal adjustments and policy innovations is a key
factor in ensuring public service equilibrium.

Thus, in exploring the challenges of global public service
equilibrium, China’s case offers valuable insights not only because
of its unique population size and structure but also due to its
complex hierarchical governance and public service policies. It
provides global researchers with valuable experience, particularly
in optimizing local government functions and improving public
service financial security policies to address the challenges of
public service equilibrium.

Public service equilibrium is a fundamental component of the
United Nations Sustainable Development Goals (SDGs) (United
Nations, 2015), and governments worldwide have been actively
seeking solutions to achieve it. Despite significant progress, cur-
rent research on public service equilibrium still presents two main
limitations. First, existing studies have primarily defined public
service equilibrium as the balance of public service levels in a
single dimension, focusing mainly on the driving forces of public
service equilibrium from the perspective of economic develop-
ment (Deng et al., 2022). Second, studies that consider population
dynamics in relation to public services tend to treat the popula-
tion merely as a factor influencing the allocation of public service
resources. Demographic research explores how public services
impact population mobility and urban settlement, covering topics
like educational equity for migrant children, public service sup-
port for urban integration, housing provision for various migrant
types (e.g., rural-to-urban, small-to-large city, and peripheral-to-
central migrations), and barriers to elderly access, including those
caused by the digital divide (Xu and Wu, 2022; Lu and Lou, 2024;
Safarov, 2021).

Regarding research methods, the Gini coefficient (Xu et al.,
2022) and Theil index (Li et al., 2023) are primarily used to
measure the equilibrium of a single system. Additionally, some
scholars focus on constructing spatiotemporal accessibility
models for public services using geographic information system
(GIS) methods to evaluate the spatial allocation of public service
resources, identify spatial disparities, or achieve spatial equili-
brium in fields such as education (Zhang et al., 2023), rural
healthcare services (Ding et al., 2021), and other related areas.

In summary, existing studies have not adequately addressed the
theoretical concept of supply-demand equilibrium between public
services and population characteristics (Christensen et al., 2020).
Moreover, there is a lack of systematic empirical analysis on how
demographic changes impact the balance between public service
supply and demand. The exploration of factors driving public
service equilibrium has largely focused on economic development
(Deng et al., 2022), while overlooking the governance perspective,
which is intrinsic to the public nature of services provided by
local governments, such as the role of administrative hierarchy
(Jia et al., 2021) and fiscal self-sufficiency (Chen et al., 2018).

This study aims to construct a conceptual framework for
understanding the supply-demand equilibrium of public services
in the context of population dynamics (Fig. 1). By conducting an
in-depth analysis of 1733 counties in China for the years 2000,
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2010, and 2020, this study employs a Coupling Coordination
Degree Model (CCDM) and Geographic Detector Model (GDM)
to address three key questions: (1) How can public service
equilibrium be measured under population changes? (2) What are
the spatial and temporal characteristics of public service equili-
brium in China? (3) What factors influence public service equi-
librium at the county level?

Conceptual framework of population-adapted public service
equilibrium
Local government governance: public service supply as a
response to population demand. The fiscal decentralization
theory suggests that local governments, being closer to their
citizens, can efficiently deliver public goods compared to a central
government (Oates, 2005). The allocation of local public services
is only effective when it aligns with the needs of residents within
their jurisdiction, facilitating optimal resource allocation and
maximizing societal welfare (Musgrave and Peacock, 1958).
Tiebout (1956) using the framework of the “voting with feet”
theory, established a connection between population and the
governance effectiveness of different regions. Individuals express
their preferences for local government governance and public
service supply through their choice of residence. This theory
emphasizes that individual choice behaviors directly and sig-
nificantly influence the response of local governments to public
services. Oates (1969) highlighted in his research that individual
migration behavior can be seen as a choice regarding local gov-
ernment taxation and the level of public services, prompting
adjustments by local governments in these aspects. Similarly,
Roback’s (1982) study suggested that people consider the quality
of local public services when choosing a place of residence, which

tends to influence the assessment of local governance effective-
ness. Thus, the provision of public services influences regional
population dynamics, while population dynamics also influence
regional public service supply (Dahlberg et al., 2011).

Specifically, changes in population size result in variations in
the overall demand for public services, while alterations in
population structure generate heterogeneous demands for public
services. Within a regional context, the growth and in-migration
of the population lead to increased demand for public services,
consequently raising the costs and burdens associated with
regional public service supply (Ladd, 1992). Trends in population
aging and the development of an elderly population create higher
demands for essential healthcare and social security (Valkama
and Oulasvirta, 2021). Changes in the number of school-age
children affect the demand for basic educational facilities and
investments. The proportion of different age groups determines
the overall population dependency ratio, influencing the societal
support burden. This, in turn, affects both financial burdens and
the demand for basic public services (Notestein, 1950). Further-
more, groups with higher education levels and skills tend to
exhibit a greater demand for the quality of public services.
Throughout this process, governments must understand changes
in population size and structure and adjust fiscal expenditures to
meet public service demands, considering political legitimacy,
government functions, and social development. We argue that
disparities in the provision of public services by various local
governments arise from factors related to local resource
endowments, baseline conditions, and development situations,
as well as the operation of the entire political system.
Administrative systems, including government assessment incen-
tive mechanisms and supervisory accountability mechanisms,

Fig. 1 Research framework. Based on the background of county-level public service provision in the context of China's negative population growth, this
paper first constructs an equilibrium framework for population and public services using a coupling coordination model. Subsequently, spatial correlation
analysis is employed for spatio-temporal analysis. Finally, a geographical detector model is utilized to conduct an analysis of influencing factors.
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contribute to differential behavior among local governments,
resulting in variations in public service supply behaviors and
structures across regions.

Local public finance: population factors supporting the
expenditure capacity of public services. From the perspective of
welfare economics theory, labor, as a factor contributing to eco-
nomic growth, can increase local tax revenue (Heckman, 2006),
which provides stronger support for local public finance and
enables local governments to better meet the demand for public
services (Hanushek and Woessmann, 2012). According to the
theory of public choice (Buchanan and Tullock, 1965), demo-
graphic factors, especially the level of population education, are
considered crucial in influencing local government expenditures
on public services. Well-educated populations are more likely to
participate in the decision-making process and express higher
demands for public services such as education and healthcare.
Meeting these demands enables local governments to enhance
their capacity to expand public services.

Since the 18th National Congress of the Communist Party of
China (CPC), the country has shifted its focus from prioritizing
economic development to constructing a “Five-in-One” govern-
ance pattern, consisting of economic, political, cultural, social,
and ecological civilization construction. The governance concept
of sustainable development integrates the three dimensions of
economy, environment, and society (Purvis et al., 2019). More-
over, the 20th National Congress Report of the CPC further
emphasizes the imperative to “strengthen the equilibrium of
public services.” Therefore, the focus of local government
governance has extended beyond economic development to also
consider the supply of public services, recognizing the population
as a crucial factor in the local government’s capacity to provide
public service (Zhu, 2017).

In summary, the population system and the public service
system are interconnected and mutually influential, with public
service equilibrium requiring adaptation in both systems. In the
context of fiscal decentralization of public services in China,
county-level governments are de facto providers of regional

public service resources. On the one hand, in terms of the
political legitimacy and functional fulfillment of local government
governance, they must respond to the changing demands of the
population through the effective supply of public services. On the
other hand, in terms of the fiscal capacity of local governments,
the size, structure, and quality of the population, while exerting
pressure on service provision, also serve as elements supporting
local public service resources. This establishes the fundamental
conceptual framework of our study (Fig. 2).

Methodology
The coupling coordination degree model (CCDM). The cou-
pling coordination degree model explores interactive relation-
ships and analyzes coordinated development between two or
more systems. The coupling coordination degree is used to
measure the extent to which different factors or systems con-
stitute a mutually coordinated benign coupling (Bryan et al.,
2018). The formula is as follows:

C ¼ U1 ´U2
U1þU2

2

� �2
( )1=2

ð1Þ

T ¼ αU1 þ βU2 ð2Þ

D ¼ ðC ´TÞ1=2 ð3Þ
Where C represents the coupling degree between the population
and public service systems, with a value range of [0, 1]. A higher

Fig. 2 Conceptual framework. In this study, we construct a framework for population-adapted public service equilibrium using a coupling coordination
model by establishing subsystems for public services and population system.

Table 1 The classification of the P-PS CD.

P-PS CD Coupling Level P-PS CD Coupling Level

0≤ C≤ 0.3 Primary Coupling 0.5 < C≤ 0.8 Grinding
Coupling

0.3 < C≤ 0.5 Antagonistic
Coupling

0.8 < C≤ 1 High Coupling
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C indicates stronger interaction and coupling. (Fang et al., 2019).
The P-PS Coupling Degree (P-PS CD) is categorized into four
types (Jiang et al., 2017) (Table 1), based on comprehensive
evaluation values of both systems. U1 and U2 represent the scores
of the public service and the population system, respectively. T is
the comprehensive coordination index (P-PS T), with α= β= 0.5
to reflect the equal importance of both systems (Yin et al., 2015).
P-PS T reflects the overall coordination level between the two
systems. D is the coupling coordination degree (P-PS CCD),
reflecting whether the systems mutually promote or constrain
each other. It’s divided into four categories and ten levels (Table
2) based on previous studies (Liao, 1999).

Moran’s I. Moran (1950) introduced the global Moran’s I as a
significant indicator for testing spatial correlation among attri-
bute values of neighboring spatial points. By analyzing changes
in attribute values of a unit compared to its neighbors, spatial
clustering phenomena can be identified. In this study, we employ
Moran’s I to detect spatial clustering in P-PS CCD among Chi-
nese counties. After normalization, the Moran’s I value is scaled
to the range [−1, 1]. A positive Moran indicates spatial clus-
tering, with higher values indicating a stronger correlation. A
Moran’s I of 0 suggests random spatial distribution. The formula
is as follows:

I ¼
n ´ ∑n

i¼1 ∑
n
j¼1 Wijðxi � �xÞðxj � �xÞ

∑n
i¼1 ∑

n
j¼1 Wij ´ ∑n

i¼1 ðxi � �xÞ2 ð4Þ

Getis‑Ord Gi*. Getis-Ord Gi* is employed to identify statisti-
cally significant high (hot spots) and low (cold spots) values in
spatial clusters. It measures attributes of similarity and dissim-
ilarity between geographic units and their surroundings. Positive
Z scores indicate tighter clustering of high values (hot spots),
while negative Z scores indicate tighter clustering of low values
(cold spots). In this study, Getis-Ord Gi* is employed to analyze
spatial clustering characteristics of P-PS CCD in Chinese coun-
ties, illustrating spatiotemporal distribution patterns and evolu-
tionary trajectories of hot spots and cold spots. The formula is as
follows:

�n ¼
∑n

j¼1 xj
n

ð5Þ

S ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑n

j¼1 x
2
j

n
� �x2

s
ð6Þ

G�
i ¼

∑n
j¼1 wi;jxj � �x∑n

j¼1 wi;jxj

S
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
n∑n

j¼1 wi;j�ð∑n
j¼1 wi;jÞ2

n�1

q ð7Þ

Geographical detector. The geographic detector model detects
spatial heterogeneity and its influencing factors by exploring
consistency in spatial distribution patterns between dependent
and independent variables. It measures the explanatory power of
independent variables on the dependent variable. Independent
variables are partitioned using the K-means clustering method in
SPSS, and then imported into Geo-Detector software for detec-
tion. The formula is as follows (Song et al., 2020):

qx ¼ 1� 1
Nσ2

∑
L

k¼1
Nkσ

2
k ¼ 1� SSW

SST
ð8Þ

SSW ¼ ∑
L

k¼1
Nkσ

2
k ð9Þ

SST ¼ Nσ2 ð10Þ
P-PS CCD is influenced by various factors from economic,

social, and administrative dimensions. This study selects
indicators including per GDP (X1), urbanization (X2), industrial
structure (X3), urban–rural income gap (X4), population density
(X5), fiscal self-sufficiency (X6), administrative level (X7), and
province (X8) based on existing research (Cheng and Liu, 2023;
Liu and He, 2019; Jia et al., 2021).

Establishment of an index system. Refer to the studies by Li et al.
(2020), Xu et al. (2022), and Yang et al. (2021), from the three
dimensions of Population Size, Population Structure, and Popu-
lation Quality, the changes in the population system of Chinese
counties were measured using seven indicators. The public ser-
vices provided by Chinese county-level governments mainly
include Public Education, Public Health, and Social Security. The
changes in the county-level public service system in China were
measured using four indicators. The entropy method3 was used to
calculate the comprehensive scores of the population and public
service systems for Chinese counties in the years 2000, 2010, and
2020 (Table 3).

Data source. In this study, the research unit is the county-level
administrative division in China. As per the statistical table
released by the China Administrative Divisions Information
Query Platform on December 31, 2020, there are 2844 such
administrative units.

Table 2 The classification of the P-PS CCD.

P-PS CCD level Development stage Coordination subcategory P-PS CCD level Development stage Coordination subcategory

0≤D≤ 0.3 Seriously unbalanced
development

Extreme disorder
(0 < D≤ 0.1)

0.5 < D≤ 0.8 Barely balanced
development

Forced coordination
(0.5 < D≤ 0.6)

Severe disorder
(0.1 < D≤ 0.2)

Primary coordination
(0.6 < D≤ 0.7

Moderate disorder
(0.2 < D≤ 0.3)

Intermediate coordination
(0.7 < D≤ 0.8)

0.3 < D≤ 0.5 Slightly unbalanced
development

Mild disorder
(0.3 < D≤ 0.4)

0.8 < D≤ 1 Superior balanced
development

Good coordination
(0.8 < D≤ 0.9)

Near disorder
(0.4 < D≤ 0.5)

Quality coordination
(0.9 < D≤ 1)
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Due to data completeness, population census years of 2000,
2010, and 2020 were chosen as research time nodes. Population
data were sourced from the respective national population
censuses, totaling 8885 samples. Public service system indicators
were mainly from the “China County Statistical Yearbook”
spanning 2000–2021, supplemented by statistical bulletins and
yearbooks. Missing data were interpolated using panel data. After
excluding counties with missing data, 6705 samples remained.
Using 2020 administrative divisions as a reference, population
and public service system samples were matched, resulting in
5541 samples. Due to administrative adjustments like mergers
and district conversions, some units were excluded, leaving 1733
valid units across 28 provinces annually (Appendix 1-14). In total,
5199 samples were obtained over three years (Table 4).

Results
General characteristics of population system and public
service system. Based on the Population and Public Service Index
System detailed in Table 3, Comprehensive Scores for population
and public service systems were calculated for 1,733 Chinese
counties in 2000, 2010, and 2020 (Fig. 3). Key findings are as
follows: (1) overall, the development level of the P system and PS
system in Chinese counties is relatively low and exhibits a fluc-
tuating trend over time. Among them, public health and popu-
lation size show a decreasing trend, population structure exhibits
a decreasing trend, social security shows an increasing–decreasing
trend, and Public Education and Population Quality show a
decreasing-increasing trend. (2) From 2000 to 2010, the decline in
P system scores is primarily due to decreased population quality.
The decrease in PS system scores is attributed to simultaneous
declines in Public Education and Public Health, with a slight

increase in Social Security. (3) Between 2010 and 2020, significant
increases in comprehensive scores for both P and PS systems are
observed, driven by improvements in Public Education and Social
Security for both systems, along with Population Quality
enhancements for the PS system. Overall, the PS system con-
sistently lags behind the P system’s development throughout the
study period.

Spatio-temporal characteristics of P-PS CCD. Based on the
constructed P-PS CCDM, the mean scores of P-PS CD, P-PS T,
and P-PS CCD were calculated for 1,733 county units in China
across 2000, 2010, and 2020 (Fig. 4). Key findings are sum-
marized as follows: (1) P-PS CD remains in a state of High
Coupling, showing stability over time with three-year averages
ranging from 0.953 to 0.956. Although slightly lower in 2000
compared to 2010 and 2020, it indicates strong mutual inter-
action and influence between P and PS systems. (2) P-PS T
values are consistently moderate, with averages ranging from
0.13 to 0.152. Slightly lower in 2010 compared to 2000 and 2020,
it suggests a relatively low level of comprehensive coordination
between P and PS systems. (3) P-PS CCD indicates Slightly
Unbalanced Development, with three-year averages ranging
from 0.342 to 0.374. Temporal trajectory aligns with P-PS CD
and P-PS T, showing a slight decrease in 2010 compared to 2000
and 2020. (4) I throughout 2000, 2010, and 2020, Chinese
counties exhibit high correlation but poor coordination between
P and PS systems, resulting in a consistently imbalanced state of
P-PS CCD.

Further analyzing the distribution of P-PS CCD in 1733 county
units in China for 2000, 2010, and 2020 (Figs. 5 and 6), the
following observations emerge: (1) spatially, P-PS CCD follows a

Table 3 Index system of population and public service.

First-class indicators Second-class indicators Third-class indicators Weight

2000 2010 2020

Public service Public education Secondary school students/primary school students 0.254 0.253 0.254
Public health Number of beds in healthcare facilities 0.252 0.250 0.251
Social security Social work agencies providing accommodation 0.249 0.249 0.246

Beds in social work agencies providing accommodation 0.246 0.247 0.249
Population Population size Resident population 0.144 0.144 0.144

Floating population 0.138 0.136 0.138
Population structure overall population dependency ratio 0.145 0.145 0.145
Population quality Population with a primary school education 0.144 0.144 0.144

Population with lower secondary education 0.143 0.144 0.144
Population with upper secondary education 0.144 0.144 0.143
Population with tertiary education and above 0.142 0.143 0.142

Table 4 Descriptive statistics of variables.

Variables Samples Mean SD Min Max

Secondary school students/primary school students 5199 0.67 0.24 0.000 3.926
Number of beds in healthcare facilities 5199 1461.04 1600.69 0 31127
Social work agencies providing accommodation 5199 15.98 23.75 0 745
Beds in social work agencies providing accommodation 5199 1037.03 1447.80 0 21687
Resident population 5199 43,1348.82 31,2632.81 6384 2,191,493
Floating population 5199 24,947.95 68,574.25 109 1,106,705
overall population dependency ratio 5199 0.45 0.11 0.158 0.906
Population with a primary school education 5199 14,3341.32 109,088.53 1087 1,235,929
Population with lower secondary education 5199 159,822.86 125,310.87 156 972,292
Population with upper secondary education 5199 46,768.52 41,703.28 189 437,253
Population with tertiary education and above 5199 22,085.67 35,407.15 43 770,286
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“Southeast high, Northwest low” trend, referencing the Hu
Huanyong Line (China population comparison line). Counties in
coordination states (dark-colored blocks) are concentrated to the
east of the line, where population density is high, while counties
in disorder states (light-colored blocks) span westward, particu-
larly in the intermediate zone. (2) In 2000, 71.26% of counties
scored between 0.3 and 0.5 on P-PS CCD, with the majority
indicating Mild disorder in the (0.3, 0.4] range, accounting for
45.18%. (3) In 2010, 74.84% of counties scored between 0.2 and
0.4 on P-PS CCD, with the largest share still in the (0.3, 0.4]
range, indicating Mild disorder at 43.45%. Notably, the (0.2, 0.3]
range, indicating Moderate disorder, saw a significant increase,

rising from 19.04% in 2000 to 31.39% in 2010, an increase of 214
county units. (4) In 2020, P-PS CCD scores ranged from 0.2 to
0.5. Compared to 2010, there was a slight reduction in counties in
a state of disorder, particularly in those with scores indicating
Moderate disorder or below, decreasing by approximately 12
percentage points. Counties in a coordinated state increased by
2.14 percentage points. (5) Noteworthy instances include one
county (0.06%, Xinghua County under Taizhou City, Jiangsu
Province) reaching an Intermediate coordination state with a
P-PS CCD score of 0.73 in 2000. However, no counties reached
this state in 2010 and 2020. Conversely, in 2020, there was an
increase of one county (0.06%, Zanda County under Ali Region,

Fig. 3 Comprehensive scores of population system and public service system. A higher comprehensive score signifies a higher level of performance for
the indicator. Among them, Public Education, Public Health, and Social Security are indicators of the public service system (PS), while Population Size,
Population Structure, and Population Quality are indicators of the population system (PS).

Fig. 4 Mean change of P-PS CD, P-PS T, and P-PS CCD in 2000, 2010, and 2020. The mean value represents the overall average of 1733 research
samples.
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Xizang) with an extremely disordered P-PS CCD score of 0.09,
indicating an Extreme disorder state compared to 2000 and 2010.

To delve deeper into the disorder characteristics of the P and
PS systems, scatter plots were generated for 1,733 county units in
China across 2000, 2010, and 2020. The x-axis represents the
score difference between the PS system and P system (PS-P SD),
while the y-axis illustrates the P-PS CCD (Fig. 7): (1) In 2000,
Chinese counties were concentrated in the PS-P SD range [−0.1,
0.1] and P-PS CCD range [0.2, 0.5], indicating a disordered state
where the public service system lagged behind the population
system. (2) In 2010, county distribution became more concen-
trated, particularly in the lower P-PS CCD range [0.2, 0.4].
Counties where the PS system lagged behind the P system
increased by 51 compared to 2000. (3) In 2020, county
distribution showed a dispersed pattern. Counties with high
P-PS CCD [0.5, 0.7] and high PS-P SD difference [−0.6, 0.7], as
well as counties with low P-PS CCD [0.1, 0.2] and low PS-P SD
difference [0.1, 0.2], both increased. This suggests widening gaps
in P-PS CCD between counties and further lag of the public
service system in some areas. (4) Further analysis of the CCD
between the population subsystem and the public service
subsystem (Table 5) revealed that the CCD between the
Population Structure (PS) subsystem and the Public Education
(PE) and Public Health (PH) subsystems was significantly higher

than other subsystems, remaining stable within the range (0.4,
0.6). (5) Changes in Population structure impacted county-level
public service equilibrium, particularly evident in pressures from
decreasing children population and surging aging population on
adjustment of public service supply. CCD between the Children
Population (CP) subsystem and Public Education (PE) subsystem
averaged 0.407, 0.335, and 0.383 in 2000, 2010, and 2020
respectively, indicating a mild disorder state. AP-PH CCD
averaged 0.432, 0.308, and 0.280 in the three years, showing a
continuous decline and reaching a moderate disorder state in
2020. This suggests the lagging responsiveness of China’s county-
level public services to changes in the aging population.

The coupling interaction between the public service system and
the population system is a dynamic process. Accurately analyzing
changes in coupling coordination over time reflects the interactive
patterns of these systems at different periods. Comparing
variations in P-PS CCD over two time intervals formed at
three-time points (Fig. 8), we observe the following trends: (1)
between 2000 and 2010, the P-PS CCD in China’s counties
exhibited an overall declining trend nationwide. Counties
experiencing Seriously Unbalanced Development Stages increased
by 224 compared to 2000, mainly in North China, Northeast,
and East China (Appendix 1–2). Counties in the Slightly
Unbalanced Development Stage decreased by 153, mainly in

Fig. 5 P-PS CCD of 1733 counties in 2000, 2010, and 2020. The different color patches in the figures represent different levels of P-PS CCD. The darker
the color, the higher the coupling coordination degree, indicating a better benign coupling status between P and PS.

Fig. 6 Percentage of counties with different P-PS CCD in 2000, 2010, and 2020.
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North China and Northwest. Counties in a Barely Balanced
Development Stage decreased by 71, mainly in East China,
Central China, and Northeast. (2) Between 2010 and 2020, the
overall P-PS CCD trend in China’s counties showed an upward
trajectory, particularly in eastern regions, driven by enhanced
public service levels. Counties experiencing Seriously Unbalanced
Development Stages decreased by 206 compared to 2010,
primarily in Southwest and North China. Counties in the Slightly
Unbalanced Development Stage increased by 169, mainly in
North China, Southwest, and Northwest. Counties in the Barely
Balanced Development Stage increased by 37 compared to 2010.

In general, the P-PS CCD in Chinese counties during the years
2000, 2010, and 2020 was predominantly characterized by a
Slightly and Seriously Unbalanced Development Stage, with fewer
counties in a Barely Balanced Development Stage and none in a
Superior balanced development Stage, indicating a disorder where
the public service system lags behind the population system.
Temporally, P-PS CCD declined from 2000 to 2010, followed by a
slight improvement from 2010 to 2020. Spatially, significant
differences were observed across Chinese counties, with a gradual
decrease in P-PS CCD from eastern coastal to central and
southern counties, then to northwestern counties, reflecting the
“Southeast high, Northwest low” pattern along the Hu Huanyong
Line.

Spatiotemporal correlation evolution. In the years 2000, 2010,
and 2020, Moran’s I analysis confirmed significant spatial auto-
correlation in P-PS CCD across Chinese counties, with coeffi-
cients falling within the [0.61, 0.66] range, indicating a clustered

pattern (Table 6). Subsequent analysis using the Getis-Ord Gi*
index classified China’s county-level P-PS CCD into various
categories based on confidence levels of 99%, 95%, and 90%. The
following observations were made (Fig. 9): (1) in 2000, there were
118 significantly cold spots in the P-PS CCD, (6.81%) mainly in
western, southwestern, and northwestern regions, and 101 sig-
nificantly hot spots (5.83%) mainly in eastern and central regions.
(2) In 2010, 108 significantly cold spots (6.23%) were mainly in
western, northwestern, southwestern, and northern regions, while
110 significantly hot spots (6.35%) were primarily in eastern and
central regions. (3) In 2020, 112 significantly cold spots (6.35%)
were mainly in western regions, with an increase in the northern
region, while 110 significantly hot spots (6.46%) were mainly in
eastern and central regions, with a decrease in the eastern region.
(4) Regionally, significant hot spots decreased in the eastern
region and increased in the southwestern region. Conversely,
significantly cold spots increased in the northern region and
decreased in the southwestern region.

Overall, significantly cold spots were mainly in northwestern,
southwestern, and northern regions, while significantly hot spots
were mainly in eastern, southwestern, and central regions, with
other regions exhibiting a random distribution pattern. Spatially,
there was a gradual evolution from significantly hot spots to
random distribution areas from east to central regions, and a
transition from random distribution areas to significantly high
cold spots from central to western regions. Temporally,
significantly cold spots spread from western to northeastern
counties, while significantly hot spots diffused from eastern
counties to central and southwestern counties.

Analysis of influencing factors on the P-PS CCD. A geo-
graphical detector model was constructed to examine the influ-
ence of economic, social, and administrative factors on P-PS
CCD. Results indicate that population density (X5), province
(X8), fiscal self-sufficiency (X6), administrative level (X7), and
urban–rural income gap (X4) are the primary influencing factors,
ranked by impact. Their q-values range from 0.079 to 0.663, with
population density (X5), province (X8), and administrative level
(X7) showing stable influence. Fiscal self-sufficiency (X6) exhibits
a “V”-shaped trend, initially decreasing then increasing, with its
strongest impact observed in 2000. The urban–rural income gap
(X4) initially strengthens in influence and then slightly dimin-
ishes over time. Per GDP (X1) and urbanization (X2) have minor
impacts, while industrial structure (X3) shows no significant
impact (Table 7).

In factor interaction detection, X3 was excluded due to its
insignificant impact on P-PS CCD in Chinese counties.
Additionally, X4 was not included in the interaction detection
for the three years due to sample size differences. Furthermore,

Fig. 7 One thousand seven hundred thirty-three counties distribution between PS system and P system in 2000, 2010, and 2020. The abscissa
represents the difference in the comprehensive scores between public services (PS) and population (P) systems. A value < 0 indicates that the PS system
lags behind the P system, while a value > 0 indicates that the PS system is ahead of the P system.

Table 5 The result of subsystem CCD mean.

2000 2010 2020

PZ-PE CCD 0.3274 0.2946 0.3263
PZ-PH CCD 0.3281 0.2551 0.2384
PZ-SS CCD 0.1873 0.1873 0.1763
PS-PE CCD 0.5201 0.4885 0.5641
PS-PH CCD 0.5211 0.4108 0.4002
PS-SS CCD 0.2901 0.3031 0.2967
PQ-PE CCD 0.2908 0.2442 0.2909
PQ-PH CCD 0.2914 0.2115 0.2124
PQ-SS CCD 0.1665 0.1553 0.1571
CP-PE CCD 0.407 0.335 0.383
AP-PH CCD 0.432 0.308 0.280

In the table, the terms preceding “-” represent components of the population subsystem, while
those following “-” denote components of the public service subsystem.
PZ population size, PS population structure, PQ population quality, CP children population, AP
aging population, PE public education, PH public health, SS social security.
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missing data for the X2 indicator in 2000 led to its exclusion from
factor detection for that year. The results, shown in Table 8,
indicate that for 2000, 2010, and 2020, the joint action of any two
factors yielded q-values greater than individual factor actions.
Interactions between factors showed either bi-factor

enhancement or non-linear enhancement, indicating increased
explanatory power for P-PS CCD spatial differentiation. Combin-
ing results for the three years, population density (X5) interaction
with other factors significantly increased explanatory power,
particularly with self-sufficiency (X6) and province (X8), resulting

Fig. 8 Temporal trajectory of P-PS CCD at the county-level of China. The figures show whether the P-PS CCD level increased or decreased from 2000 to
2010 and from 2010 to 2020, with a change value > 0 indicating an increase and a decrease < 0.
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in indices exceeding 0.9, signifying strong impact on P-PS CCD
spatial differentiation in Chinese counties.

Over the three years, the primary influencing factors for P-PS
CCD in Chinese counties, ranked by impact, were population
density, provincial affiliation, fiscal self-sufficiency, and admin-
istrative level. The industrial structure had no significant impact.
Per capita GDP had a significant effect only in 2000. The
urbanization rate had a weak effect, decreasing in intensity from
2010 to 2020. Among social factors, the impact of the urban–rural
income gap fluctuated, while population density’s impact
remained stable above 0.62. Fiscal self-sufficiency, administrative
level, and provincial affiliation strongly influenced P-PS CCD
spatial differentiation within administrative and social factors.

Discussion
The equilibrium of public services is a critical component of
regional sustainable development. Previous research has pri-
marily focused on the spatial equilibrium of public service levels
from an economic development perspective and has overlooked
the supply-demand equilibrium of public services interacting
with population dynamics from the perspective of local gov-
ernments. Our study reconceptualizes the equilibrium between
public service supply and demand, and explores the application
and empirical tests of fiscal decentralization theory and “voting
with feet” theory in the context of public service equilibrium at
the county level in China. Through in-depth analysis, we found
that while fiscal decentralization theory anticipates that local
governments would provide more efficient and equitable public

services by being closer to the people, in reality, due to China’s
political centralization (Jia et al. 2021) and performance
assessment mechanisms primarily focused on GDP growth
(Zhou, 2016), the initiative of local governments in improving
public service supply is constrained (Wu et al., 2020). This
finding indicates the need for further exploration of the
applicability of existing theories under specific political-
economic contexts. Additionally, our data analysis revealed
that population aging and migration significantly impact public
service demand, echoing the “voting with feet” theory, suggest-
ing that dissatisfaction with public service quality may be
expressed through migration.
This study offers innovations in three key areas:

First, it introduced a novel theoretical framework designed
to address public service equilibrium in the face of demo-
graphic shifts, filling a gap in existing theories that primarily
focus on a single public service system. Samuelson (1954)
described the government’s public service function as the
provision of public goods and services that meet public demand
efficiently and effectively, highlighting that public service
equilibrium involves the coupling and coordination of the
public service supply subsystem and the population demand
subsystem. As China enters an era of negative population
growth, characterized by a declining proportion of the
working-age population and a rapidly increasing elderly
population, the burden of dependency has significantly inten-
sified, leading to structural changes in public service demand.
Based on this new context, we developed a conceptual frame-
work for public service equilibrium that adapts to population
changes, enabling a better assessment of the current state of
public service supply-demand balance, identifying disparities,
and addressing the challenges of achieving equilibrium amidst
dynamic population shifts.

Second, we utilized a novel methodology, integrating quanti-
tative and qualitative analyses using the geographic detector
model (GDM) and the population-public service coupling coor-
dination degree model (P-PS CCDM). Building on the notion
that public service equilibrium involves the coupling and coor-
dination of two subsystems, this research overcomes the limita-
tions of previous methodologies that measured only a single

Fig. 9 Spatial distribution pattern of cold and hot spots for P-PS CCD in 2000, 2010, and 2002. The full names of each province in the map refer to the
appendix for details.

Table 7 Factor detection results of P-PS CCD.

Year X1 X2 X3 X4 X5 X6 X7 X8

2000 q 0.107 – 0.021 0.079 0.637 0.403 0.162 0.447
p 0.000 – 1.000 0.041 0.006 0.000 0.000 0.000

2010 q 0.021 0.080 0.041 0.138 0.625 0.199 0.160 0.427
p 0.668 0.000 1.000 0.000 0.002 0.008 0.000 0.000

2020 q 0.028 0.060 0.076 0.119 0.663 0.266 0.144 0.433
p 1.000 0.024 1.000 0.004 0.021 0.000 0.000 0.000

Table 6 P-PS CCD Moran’s I and general G.

Year 2000 2010 2020

Global Moran’s I 0.653*** 0.610*** 0.638***
Z-value 34.827 32.544 34.061
General G 0.002*** 0.002*** 0.002***
Z-value 12.566 12.781 13.131

***Denotes a coefficient that is significant at the 1% level.
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system. We constructed the P-PS CCDM to explore the inter-
active relationships between the two subsystems and analyze their
coordinated development. Furthermore, within the context of
China’s vertically accountable public service supply system (Lu
and Xue, 2011), county governments act as both identifiers of
local public service demand and implementers of policies set by
higher authorities. This multifaceted interaction affects their
ability to improve equilibrium. By employing the GDM, we
measured the explanatory power of independent variables on
dependent variables and explored the interactions of multiple
factors affecting public services.

Third, this research actively examines the complex relation-
ships among local governance structures, fiscal policies, and
public service equilibrium, offering actionable policy recom-
mendations that contribute directly to enhancing public service
supply and achieving equilibrium at the county level.

Since the implementation of the tax-sharing reform in China in
1994, the supply of public services at the county level has been
governed by a framework of central-local decentralization, adhering
to the principles of vertical accountability within bureaucratic orga-
nizations (Tan, 2014). This principle emphasizes that local govern-
ments must advance their initiatives in alignment with the policy
goals set by the central government and are subject to assessment by
central authorities (Li and Weible, 2021). Theoretically, fiscal
decentralization should incentivize local governments to increase
their financial investment in public service provision, thereby
improving the efficiency and quality of services (Barro, 1991).
However, China’s fiscal decentralization is characterized by sig-
nificant political centralization (Blanchard and Shleifer, 2001). The
evaluation systems focused on rigid indicators such as GDP growth
effectively encourage county governments to engage in horizontal
competition for economic development (Zhou, 2006), which in turn
weakens their motivation to respond to local public service needs and
leads to crowding-out effects in expenditures on education, health,
and social welfare (Jin et al., 2005). This results in a disbalance
between county-level public service systems and population systems,
where public service systems lag behind demographic changes.
Moreover, the Chinese central government introduced a policy of
balanced intergovernmental fiscal transfers in 1995, aimed at
enhancing regional equity in public services by compensating for
disparities in capacity. However, the factors used to allocate transfer
payments imply an inverse relationship between the scale of general
transfer payments and the level of economic development, which
may negatively impact local economic growth and reduce the capa-
city of local governments to provide public services (Yin and Zhu,

2012). Consequently, the equilibrium of public services in China
continues to exhibit a pattern of higher levels in the southeast and
lower levels in the northwest, with well-balanced counties clustering
in the southern regions and poorly balanced counties concentrated in
the west. Subsequently, in 2006, the Sixth Plenary Session of the 16th
Central Committee of the CPC explicitly proposed the goal of
“building a service-oriented government and strengthening social
management and public service functions.” Addressing the short-
comings in public services and promoting the equalization of public
services become key tasks for governments at all levels. The central
government gradually increased assessment indicators related to
people’s livelihoods, such as environmental protection, education,
and poverty alleviation, thereby encouraging local governments to
focus on the development of public services. Since the 18th National
Congress, China has vigorously advanced the fight against poverty,
implemented rural revitalization strategies, and promoted
urban–rural integration to achieve the goal of equalizing public ser-
vices between urban and rural areas. The report of the 20th National
Congress continued to emphasize the importance of “enhancing the
balance and accessibility of public services.” After a prolonged period
of top-down reform of the public service supply side, the level of
public services in China has significantly improved, which is a major
reason for the slight improvement in public service balance at the
county level between 2010 and 2020.

Improvements in regional public service equilibrium under the
fiscal decentralization framework face various obstacles. Studies
analyzing post-decentralization public service equilibrium in
Ghana advocate for strengthened vertical accountability to prevent
capture by local elites (Dick-Sagoe, 2020). Investigations in
Indonesia suggest that the key lies in increasing discretionary
powers to incentivize proactive behavior by local governments
(Lewis, 2023). Meanwhile, the UK actively attempts to upgrade the
policy agenda for public service equilibrium to enhance decision-
making efficiency (Fransham et al., 2023). However, the design of
public service policies primarily occurs at the highest levels of
central government, with local governments mainly responsible
for policy implementation and subject to stringent vertical
accountability performance assessments (Li and Weible, 2021).
Within this central-local governance framework, the equilibrium
of public services at the county level in China is primarily hin-
dered by significant disparities in fiscal capacities among county
governments and a lack of sufficient vertical incentives.

Nevertheless, with the transformation of China’s central gov-
ernment’s “Five-in-One” strategy, reforms for public service equi-
librium continue to progress. Governments at all levels are actively
exploring ways to address the inefficiency of fiscal resources. Under
the framework of new public management (NPM), efforts are made
to encourage social organizations’ participation in public service
supply through government procurement of public services
(Feuchtwang, 2023), collaborations with private capital (Lapuente
and Van de Walle, 2020), and advocacy for citizen cooperative
production supply (Allen et al., 2020). However, these initiatives
face resource constraints and moral dilemmas, similar to the high
turnover rate of elderly care professionals in Finland, which is also
present in China (Ring et al., 2024). As population aging advances
rapidly, the contradiction between the shortage of human resources
in China’s public services and the dramatic increase in demand will
become more pronounced. Exploring new approaches to address
this pressing issue is imperative.

Moreover, there are active endeavors to empower local gov-
ernments with digital technology for the identification of public
service demands and precision provision (Liu and Qi, 2022).
Indeed, China is actively promoting smart community elderly
care services (Chen et al., 2023), akin to electronic medical
policies in Italy, Finland, and Sweden, which provide health
assessments and care for the elderly (Valokivi et al., 2023).

Table 8 Factor interaction detection results of P-PS CCD.

Year X1 X2 X5 X6 X7 X8

2000 X1 0.107
X5 0.810 – 0.637
X6 0.587 – 0.987 0.403
X7 0.210 – 0.733 0.529 0.162
X8 0.542 – 0.931 0.889 0.544 0.447

2010 X1 0.021
X2 0.128 0.080
X5 0.681 0.808 0.625
X6 0.282 0.329 0.906 0.199
X7 0.193 0.242 0.726 0.294 0.160
X8 0.462 0.583 0.929 0.630 0.526 0.427

2020 X1 0.028
X2 0.185 0.060
X5 0.864 0.816 0.663
X6 0.455 0.405 0.921 0.266
X7 0.197 0.223 0.737 0.347 0.144
X8 0.563 0.568 0.924 0.670 0.526 0.433
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However, these efforts also face challenges such as the digital
divide and increased administrative burdens (Christensen et al.,
2020). Addressing these issues requires further tracking and in-
depth research.

Finding and policy implications
In this study, we collected population and public service data
from 1733 counties in China for the years 2000, 2010, and 2020,
and constructed P-PS CCDM, spatial autocorrelation, and geo-
graphical detector models to investigate the spatiotemporal pat-
terns and driving factors of P-PS CCD in Chinese counties. The
study addressed the characteristics and influencing factors of
public service county equilibrium under population changes,
yielding the following conclusions:

(1) Overall poor equilibrium: during the study period, the P-PS
CCD in most counties was mainly at a mild or severe
imbalance stage, with a few counties reaching a barely
balanced stage and none achieving an optimal equilibrium.
The primary cause of this imbalance was the lag in public
service systems relative to population systems, especially
under the pressure of a declining young population and a
rapidly increasing elderly population, indicating challenges
in addressing population aging.

(2) Improving temporal trends: from 2000 to 2010, the P-PS
CCD showed a declining trend, but there was a slight
improvement from 2010 to 2020, attributed to the
enhancement of county-level public service standards.

(3) Significant spatial differences: the spatial distribution pattern
of P-PS CCD across Chinese counties displayed a general
trend of “higher in the east, lower in the northwest,” with
significant clustering and stable spatial disparities. Coldspot
areas were mainly located in the western regions, with an
expanding trend towards northeastern counties. The propor-
tion of coldspot areas initially decreased and then increased,
with a notable rise in the number of coldspot counties in
northern regions. Conversely, hotspot areas were consistently
distributed in central and southern China, with a continuous
increase in proportion, while the eastern counties, despite
being the most numerous, showed a declining trend.

(4) The significant impact of administrative factors: adminis-
trative factors were the main drivers affecting P-PS CCD
during the study period, with substantial disparities in
equilibrium across counties of different administrative levels
and provinces. The combined effects of these two factors had a
stronger influence on the spatial differentiation of P-PS CCD.

(5) Notable interaction effects of social factors: among social
factors, the impact of the urban–rural income gap
fluctuated, while the influence of population density
remained above 0.62 throughout. The interaction of
population density with fiscal self-sufficiency and provincial
affiliation had a significant impact on equilibrium differ-
ences across counties, indicating the scale effect of resource
allocation in the context of public service supply.

(6) Fiscal self-sufficiency as the key economic factor: fiscal self-
sufficiency showed a significant impact on county-level
equilibrium differences, following a “V” shaped trend—
initially declining and then rising. Industrial structure did
not exhibit a significant effect, while per capita GDP only
had a significant impact in the year 2000. The influence of
the urbanization rate was relatively weak and declined in
intensity from 2010 to 2020.

Therefore, it is evident that China’s top-down “one-size-fits-all”
public service supply policy makes it challenging for local gov-
ernments to respond promptly to the “differentiated” public service

needs arising from population changes at the county level, hin-
dering the improvement of public service equilibrium. Therefore,
(1) while continuing to improve the public service capacities of
local governments in central and western regions through policies
such as transfer payments and targeted support, performance
evaluation indicators for public services that are accessible to urban
and rural residents should be supplemented to address the policy
implementation deviations resulting from vertical accountability;
(2) the drastic changes in population size, structure, and quality at
the county level have heightened the heterogeneous demand and
scale pressure for public services. Social forces should be encour-
aged to supplement the supply of public service resources,
increasing flexibility in responding to public service demand; and
(3) the poor public service equilibrium in central and western
counties, marked by both insufficient quantity and structural
deficiencies, faces issues such as the care of elderly in relatively
poor families under the trend of rural population outflow and the
rising cost of family education under the development concept of
“education-driven urban development.” These issues of public
services equity require urgent and targeted policy responses.

Limitations and research outlook
The dataset used in this study comprises cross-sectional data
from the years 2000, 2010, and 2020, rather than time-series data
spanning consecutive years. As a result, it is not suitable for
effectively predicting the trends in public service equilibrium in
Chinese county-level areas under future significant population
changes. Additionally, it cannot straightforwardly address the
variations in public service equilibrium among different types of
counties in China (e.g., population shrinking county, population
stable county, and population expanding county). Future research
could utilize continuous time-series data to enable more detailed
analyses by category.

In terms of local government actions to balance public service
supply and demand, two directions for future exploration are as
follows:

Achieving public service equilibrium requires precise identifi-
cation of needs. Future research could explore the adoption of
digital technologies and the innovation processes of public ser-
vices within the governance contexts of China and other devel-
oping countries. This may enhance our understanding of how
institutional environments influence the balance between tech-
nology and public services.

Realizing public service equilibrium depends on strengthening
local governance capabilities. Future studies could investigate a
conceptual framework for local government governance capacity
that explains public service equilibrium, focusing on pathways for
capacity improvement under different governance structures. For
instance, this could involve cultivating social organizations to
supply public services and guiding rural self-organized mutual
assistance for elderly care to enhance county-level local govern-
ments’ resource integration capabilities. Additionally, horizontal
competition could incentivize learning and innovation to improve
county-level government allocation capabilities. These efforts
would deepen our understanding of local government actions in
the context of public service equilibrium.

Data availability
The raw data are protected and are not available due to data
privacy. The processed data are available from the corresponding
author upon reasonable request.
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Notes
1 Data source: “Statistical Bulletin of the People’s Republic of China on National
Economic and Social Development 2022” http://www.stats.gov.cn/xxgk/sifb/zxfb2020/
202302/t20230228 1919001.html

2 Data source: “Official Website of the National Bureau of Statistics of China” https://
www.stats.gov.cn/xxgk/jd/sjjd2020/202401/t20240118_1946711.html

3 The entropy method is an objective evaluation approach that determines objective
weights based on the variability of indicators. For a certain indicator, if the entropy is
smaller, it indicates a greater degree of variation in the indicator values, providing
more information and playing a more significant role in the comprehensive evaluation,
thus having a larger weight (Liu et al., 2022).

4 See Appendix 1 for relevant place names and locations later in this paper.
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