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The construction of infrastructure and public services is the core of countryside
planning. As the carrier of rural public services, the evolutionary pattern and
efficiency of rural public service land (RPSL) can directly reflect the
development of rural public services. However, existing studies have mainly
characterized public service space through the number of public service
facilities rather than the area of land occupied. Furthermore, research on
public service land in rural settlements is lacking. Taking 273 villages in the
Pinggu District of Beijing as an example, this article integrated multi-
dimensional data, including geospatial data, big data, and socio-economic
data, to analyze the spatio-temporal evolution characteristics of RPSL from
2004 to 2019. The bi-dimensional allocation efficiency index addressing
qualitative and quantitative development was introduced to measure the
allocation efficiency of RPSL. The results show that the area of RPSL in
Pinggu District has increased by 57.28 ha, and the internal land use structure
of RPSL has become balanced. The evolution pattern of RPSL was characterized
by both agglomeration and dispersion, as well as by a significant tendency to
expand along main roads. The uneven distribution of public service facilities and
the significant differences in accessibility reflected the non-equalization of
public services. The allocation efficiency of RPSL in 79.23% of the villages
was at a low level, which is mainly due to the mismatch between the rural
public service land area and the population, the non-differentiated allocation of
public service facilities, the uneven public service quality, and the low
accessibility of RPSL. In the future, policymakers should plan rural public
service land rationally from the perspective of the actual situation, such as
setting flexible indicators, building a living circle of rural settlements, and so on.
This research will not only enrich the research perspective of rural public
services but also provide a reference for the study on the utilization and
optimization of rural settlements.
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1 Introduction

Rural public service land (RPSL) is a land use type of rural
construction land and the main part of rural residential areas (Ma
et al,, 2018). With the new urbanization, the lifestyle of the rural
population has gradually changed from rural to urban, and the
demand for public services has become stronger (Li et al., 2006).
As the carrier of rural public services (Han et al., 2015), the area
and structure of RPSL are bound to change significantly (Qu
etal, 2018; Qu et al,, 2021). It has become an important research
field of rural geography and urban-rural planning to grasp the
evolutionary patterns of RPSL scientifically.

The definition and scope of public service land vary in
countries and regions, but the connotation is similar (Sun and
Liang, 2002). Public service land is a unique category of land use
in China, which covers a wide range of land with public service
(for
healthcare). However, there is no land use type named “public

functions example, education, administration, and
service land” in the land use classification systems of Britain, the
United States, Hong Kong, and other countries and regions.
Instead, it is split or combined according to public service
functions. For instance, in the UK, land for education is
classified as non-residential institutions along with land for
healthcare, childcare, museums, and libraries, while in Hong
Kong, it is classified as a separate category named educational
land (Gao and Su, 2010; Marjan et al., 2011). The classification of
public service land is usually based on function (Sun and Liang,
2002), profitability (Xu and Li, 2012), resident demand (Xu et al.,
2013), spatial distribution (Yang and Zhao, 2002), and
availability (Lineberry, 1974).

Due to the different definitions of public service land, the
research on the utilization of public service land has gradually
shifted to specific and microscopic by focusing on public service
facilities (PSFs) (Gao and Zhou, 2009; Robert et al., 2018). Generally,
research objects are hospitals, parks, schools, etc. (Meier et al., 1991;
Talen, 1997; Aseel and Vincent, 2020). The research content mainly
includes PSF’s provision (Greenhut and Mai, 1980; Mohammad,
1995; Gao et al, 2010; Zhou and Gao, 2011; Luis et al., 2019),
accessibility (Austin, 1974; Orloff, 1977; Tsou et al., 2005; Song et al.,
2010), location selection (Teitz, 1968; John, 1981; Liu and Li, 2010),
efficiency and fairness (Church and ReVelle, 1976; McAllister, 1976;
Bigman and ReVelle, 1978; Zhang and Zhou, 2020), layout
(Wolpert, 1976; Rich, 1979; Perl and Ho, 1990; Barbera and
Bevia, 2006; Han et al., 2019), effectiveness (Lan et al., 2018; Xu
et al,, 2022) and so on. In recent years, the equalization of public
services has become a hot research topic (Thisse and Wildasin, 1992;
Hosseini et al,, 2021). The primary research approach is to measure
the equality of public services through spatial distribution (Zhu et al.,
2010; Song et al., 2012; Sui et al., 2015; Davis et al., 2020; Luo and
Sun, 2020; Lee, 2021) or quality (Le Huu et al., 2011; Tervo et al.,
2013; Fauster et al., 2017; Liu et al., 2019) of public service facilities
and then to propose ways of rationally allocating public service land
(Miranda and Tunyavong, 1994; Talen, 1998).
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Although the relevant studies have been conducted
intensively and achieved rich results, most of them take the
urban settlements as the study areas (Meng et al., 2021). In other
words, there is a research gap related to public service land in
rural settlements. With the introduction of various policies that
focus on rural issues, such as the rural revitalization strategy in
China, studies on rural settlements have received increasing
attention (Ma et al, 2022). Correspondingly, the internal land
use structure of rural settlements has been a major focus (Tian
etal., 2022). As one land use type of rural residential land, RPSL’s
area and distribution directly impact the efficiency of rural
residential land, as well as the effectiveness and fairness of
rural public services (Gao and Tang, 2018) (Luo and Sun,
2020). Therefore, it is necessary to study public service land in
rural settlements.

Through literature review, scholars have mainly considered
public facilities as a point. The scale of public service facilities is
represented through the number of points rather than the area of
land occupied (Luo and Wang, 2003; Lv and Yan, 2018; Wei,
2021). As a result, a few studies examine public service spaces by
land use data. In addition, most of the existing studies focus on
the status of public service facilities in a particular year and lack
evolution over a long period (Samuelson, 1954; Demsetz, 1970;
Fei and Yao, 2009). From the perspective of geography, this
article attempts to study the spatio-temporal evolution of rural
public service land by land use data spanning 15 years.

The description of the evolution pattern and utilization
characteristics of rural public service land can enrich the
research results of rural geography. On the other hand, it can
guide the spatial allocation of rural settlements from the
equalization of public services. Given this, taking 273 villages
in the Pinggu District of Beijing as an example, this article
analyzed the spatio-temporal evolution characteristics of RPSL
from 2004 to 2019 by integrating multi-dimensional data,
including geospatial data, network big data, and socio-
economic data. The bi-dimensional allocation efficiency index
addressing qualitative and quantitative development was
introduced to measure the allocation efficiency of RPSL.

The rest of this article is organized as follows: Section 2
introduces the study area, research methods, and data sources.
Section 3 describes the spatio-temporal pattern and the allocation
efficiency of RPSL. Section 4 discusses the phenomena involved and
direction.
summarizes the findings by referring to existing literature and the

suggests an appropriate development Section 5

key implications for policymakers and researchers are highlighted.

2 Methodology and data
2.1 Study area

As the capital of China, Beijing is the national center of
politics, culture, international intercourse, and technological
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FIGURE 1

The geographical location of Pinggu.

innovation, as well as a modern international metropolis. Pinggu
District is one of the suburbs of Beijing. Driven by the radiation
of the central area of Beijing, Pinggu District has seen rapid
urbanization and non-agriculturalization. The rising living
standards of inhabitants have placed higher demands on
public services such as hospitals and schools. Therefore,
Pinggu District can be used as a typical case to study the rural
public service land in metropolitan suburbs.

Pinggu (40°02’-40"22'N, 116°55'21"-117°24'07"E) lies in
the northeast of Beijing (Figure 1). The widest distance from
east to west is 40.25 km, and the longest distance from north to
south is 38.5 km. It locates at the junction of Beijing, Tianjin,
and Hebei provinces, with an advantaged location and traffic
conditions. In terms of topography, Pinggu District is low in
the southwest and high in the northeast. Pinggu District is
surrounded by mountains on three sides, showing
topographic features of 1:1:1, with mountains of 1/3 (in the
north), shallow mountains of 1/3 (in the southeast), and plains
of 1/3 (in the southwest). Pinggu District consists of 16 towns
and 273 administrative villages. According to the 2019 Pinggu
Statistical Bureau, the population was approximately
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456 thousand, of which the rural population was about
192 thousand.

2.2 Research methods

2.2.1 Characterizing the spatial differentiation of
rural public service land

Kernel density analysis takes a certain regular area around
any point in space as the calculation range. It analyzes the spatial
distribution trend of the observed objects by calculating the
density of the observed data in the area. The data points close
to the center point are given a higher weight, otherwise a lower
weight. The estimated density of each point is the weighted
average density of all points in the region. We used the kernel
density analysis tool in ArcGIS 10.2 to analyze the kernel density
of rural public service land in Pinggu District and visualize its
spatial clustering.

2
1 In D;
Pi=aXF jlej<1—F . (1)
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TABLE 1 Evaluation index system of basic public service capacity.

10.3389/fenvs.2022.986417

Evaluation target First-level indicators Second-level Indicator Weight
indicators (unit) attribute
Baisc public service Guaranteed Service Capacity (1/3)  The construction cost of public facilities (ten thousand yuan) + 0.13
capacity Concentrated water supply rate (%) + 0.15
Number of lighting facilities (pcs) + 0.12
The satisfaction rate of public security (%) + 0.13
Number of medical institutions (pcs) + 0.25
Number of medical beds per 10,000 people (pcs) + 0.22
Essential Service Capacity (1/3) Number of secondary schools, primary schools, and + 0.22
kindergartens (pcs)
Average educated time (years) + 0.18
Number of technical training lectures (times per year) + 0.10
the shortest distance from the village to the bus stop (km) - 0.19
Garbage disposal rate (%) + 0.16
Sewage treatment capacity (tons) + 0.15
Developmental Service Capacity Green area (m + 0.20
as) Number of parks (pcs) + 0.24
Recreation room area (m?) + 0.26
Library collections (volumes) + 0.18
Number of cultural activities (times) + 0.12

In formula (1), P; is the kernel density of any rural public
service land. K; is the weight of the object j. Dj; is the distance
between point i and object j. R is the bandwidth of the selected
regular area (D;; < R). n is the number of objects within the range
of bandwidth R.

2.2.2 Evaluating the basic public service capacity

Basic public service capacity (BPSC) represents the quality of
public services provided by the local government through finance and
other ways. It is also a vital indicator to reflect the utilization efficiency
of public service land. We construct an evaluation system consisting
of 15 indicators (Table 1) to evaluate the BPSC of 273 villages in
Pinggu District in 2019. The evaluation index system covers three
dimensions of BPSC: guaranteed service capacity, essential service
capacity, and developmental service capacity.

The guaranteed service capacity refers to the ability to ensure
the residents’ survival and security, mainly reflected in
infrastructures and medical resources. The construction cost
of public facilities represents the government’s financial
investment in public services and is selected as a positive
indicator. Water, electricity, and security are critical to
modern life. Three indicators were selected to characterize:
concentrated water supply rate, the number of lighting
facilities, and the satisfaction rate of public security, with
higher values indicating greater guaranteed service capacity.
The supply of medical resources is reflected by the number of
medical institutions and the number of medical beds per
10,000 people, both of which are positive indicators.

Frontiers in Environmental Science

The essential service capacity refers to the ability to meet the
residents’ living and production needs, including four aspects:
education, convenient transportation, employment security, and
sanitation. In terms of education, this article selected two
indicators. Specifically, the number of educational institutions
(secondary schools, primary schools, and kindergartens) was
selected to represent the government’s investment in public
education. Moreover, the average educated time characterized the
educational attainment of the population. Both of them are positive
indicators. The higher the value, the better the public education
services. Travel convenience is measured by the shortest distance
from the village to the bus stop. It is a negative indicator. The greater
the value, the longer the distance, and the lower the ease of access.
Technical training seminars are one method of enhancing
employment, so this article selected the number of technical
training lectures as a positive indicator. In terms of sanitation,
waste disposal and sewage treatment are particularly important,
so the garbage disposal rate and the sewage treatment capacity were
chosen as positive indicators.

With the improvement of material living standards, people are
gradually focusing on the enjoyment of the spiritual world. The
developmental service capacity refers to the ability to meet the
residents’ entertainment and social needs (Xu et al.,, 2013). We
chose five indicators: green area, number of parks, recreation room
area, library collections, and the number of cultural activities,
respectively. All five indicators are positive, with the first two
reflecting the space of residents’ activities and the last three
representing the diversity of their recreational choices.
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Regardless of the dimension of basic public service capacity,
it is closely related to people’s life and social development, and
there is no difference in importance. Therefore, the three
dimensions in the above index system are given the same
weight, i.e., 1/3. The entropy method was used to determine
the of The
formula for calculating the basic public service capacity is

weight each  second-level indicator.

given as follows:

M=) (X, xW)), 2

where M; is the basic public service capacity of i village, W; is the
weight of j indicators, and X’; is the standardized value of j
indicators.

2.2.3 Constructing the accessibility model of
rural public service land

Generally, accessibility can be divided into geospatial
accessibility and traffic accessibility (Penchansky and Thomas,
1981). Geospatial accessibility is measured by calculating the
spatial distance between the demand point and the supply point.
Traffic accessibility refers to calculating the shortest distance
between traffic networks based on the impedance and capacity of
each class of road. In this research, Voronoi was used to measure
the geospatial accessibility of rural public service land in Pinggu
District and the gravity model was used to measure traffic
accessibility.

2.2.3.1 Geospatial accessibility based on Voronoi
Voronoi (Thiessen polygon) can break the boundary of

the spatial

accessibility of rural public service land. Only one generator

administrative division and truly reflect
exists in a Thiessen polygon, and the distance from any point
in the polygon to the generator is closer than its distance to a
generator in another polygon. In this research, the generator
refers to the rural public service land parcels. People will
prioritize the nearest public service land to obtain public
services. Therefore, the area of the Thiessen polygon can be
used as an indicator to measure geospatial accessibility. The
smaller the area of the Thiessen polygon, the higher the level of

geospatial accessibility.

2.2.3.2 Traffic accessibility based on the gravity model
The improved gravity model will be introduced to calculate
the traffic accessibility of rural public service land (Yang and Xu,
2015),  which of three
destination, and connectivity, as illustrated in the following

consists elements:  origin,

formula:
n M;
Si = 2,71%,
=dbv;
P (3
m Py
Vi = Zk:ld_ﬁ’
kj
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TABLE 2 Evaluation index system of allocation efficiency of RPSL.

Target layer Evaluation index (unit)

Input index Rural public service land area per capita (m” per person)

Output index Number of rural public service facilities (pcs)
Accessibility of rural public service land

Basic public services capacity

where S; indicates the gravitational accessibility from village i to
RPSL, and the larger the Si, the better; n and m are the number of
RPSL and village centroids in the study area, respectively; M;
indicates the attractiveness of RPSL j, which is expressed by the
area of RPSL; Dj; indicates the shortest path distance from village
i to RPSL j; V; is the influencing factor of population size; Py
indicates the resident population of the village; It is generally
believed that the value of 3 changes according to the changes of
various influencing factors. By referring to previous studies, it can
be found that the value of 8 is generally concentrated in the range
of 0.90-2.29, and when the value of 5 is between 1.5 and 2, the
influence on the research results is weak. Therefore, the value of 8
is 2 in this article.

2.2.4 Measuring the allocation efficiency of rural
public service land

Rural public service land is a kind of non-profit land type. The
efficiency of rural public service land is not marked by maximizing
economic output but rather by the values of rural public service.
Hence, this study considers the allocation efficiency of RPSL as the
public service value produced per unit area of RPSL. Furthermore,
this study created a model for allocation efficiency of rural public
service land, which takes the area of RPSL per capita as an input
factor and the public service values of RPSL as an output factor. The
public service values of RPSL are mainly reflected in both quantity
and quality. The former is represented by the number of rural public
service facilities, while the latter is mainly reflected in two aspects,
namely the accessibility of rural public service land and the level of
basic public services capacity. A system of indicators for evaluating
the allocation efficiency of rural public service land is detailed in
Table 2.

The model for measuring the allocation efficiency of rural
public service land is shown as follows:
_S.x M; xF,

7 >

L.

1

E; 4)
where E; is the allocation efficiency of RPSL of village i, S’; is the
accessibility of RPSL of village i after normalization, M’ is the
basic public service capacity of village i after normalization, F’; is
the number of public service facilities of village i after
normalization, L’; is the per capita area of RPSL in village i
after normalization.
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TABLE 3 Dataset.

Data type Data

Land use change data The second national land survey data 2004

Land use change survey data 2019

Socio-economic data population

The construction cost of public facilities
Number of secondary schools 2019
Number of primary schools

Number of kindergartens

Average educated time

Number of technical training lectures
Garbage disposal rate

Sewage treatment capacity

The concentrated water supply rate
Number of lighting facilities

The satisfaction rate of public security
Number of medical institutions

Number of medical beds per 10,000 people
Recreation room area

Number of cultural activities

Library collections

POI data

Network data 2019

2.3 Data

2.3.1 Data source

Land use change data of Pinggu in 2004 and 2019 were
obtained from the Beijing Municipal Commission of Planning
and Natural Resources, with the accuracy of 1:10000. The socio-
economic data of Pinggu in 2004 and 2019 were obtained from
the
management stations of Pinggu District. The POI data in

socio-economic statistical yearbooks and economic
2019 was crawled from Google Maps by data crawler
technology, including six attributes: longitude, latitude, name,

address, type, and administrative region (Table 3).

2.3.2 Data processing

This research defined rural public service land (RPSL) as
independent rural settlements’ land used for healthcare,
public facilities, public education, administration, sports
entertainment, parks, and green space. From the attributes
perspective, rural public service land belongs to rural
residential areas. Therefore, the spatial data of RPSL can be
extracted from land use change survey data. First, we used
ArcGIS to extract rural settlements in Pinggu District in
2004 and 2019 (the field is CZCSXM and the code is 203).
And then, we extract the public service land from the rural
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Data source

The Beijing Municipal Commission of Planning and Natural Resources

The socio-economic statistical yearbooks

Economic management stations of Pinggu District

Google Maps

settlements (the field is DLDM and the code is 08). Thus, the
database of rural public service land in Pinggu District is
established, including public facilities land, park and green
space, organization land, science and education land, sports
and recreation land, health and charity land, and scenic land.

3 Results and analysis

3.1 Spatio-temporal evolution
characteristics of rural public service land

3.1.1 Time series change of rural public service
land

During the study period, the area of rural settlements in the
Pinggu District expanded (from 5,536.09 ha to 6,075.97 ha).
Meanwhile, the area of rural public service land also
increased, expanding from 329.24 ha in 2004 to 386.53 ha in
2019. The increase in RPSL was 57.28 ha, accounting for 10.61%
of the total expansion of rural settlements. The proportion of
RPSL in rural residential areas has also increased, from 5.95% to
6.36%. Among the 273 villages in Pinggu District, 193 villages
have increased the rural public service land area. The rural public
service land area per capita decreased from 10.22 m? per person
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in 2004 to 9.57 m” per person in 2019, but it is still higher than the
of 7.6m’> per person CECS354:2013
(Standardization Corporate Average Fuel Economy, 2013). In
2019, 153 villages had more than 7.6 m” per person of the rural
public service land area per capita, representing 58.85% of the
total number of villages.

maximum in

In terms of internal structural changes, in 2004, the rural
public service land in Pinggu District was dominated by land for
science, education, culture, and health, with a high proportion of
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54.00%, and its share declined to 43.8% in 2019. Accordingly, the
proportion of public facilities land and administration land
increased from 4.33% to 20.01%-30.60% and 22.71%,
respectively. It indicates that the structure of rural public
service land is becoming more balanced and diversified. In the
early years, rural residents’ demand for public services mainly
revolved around basic public services such as medical treatment
and education. In 2004, China launched the construction of a
new socialist countryside with the main focus on the cleanliness
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of villages and the improvement of facilities. Basic public service
facilities such as water, roads, electricity, gas, and networks have
been continuously improved, and the land for public facilities has
significantly increased. In addition, Pinggu, as a suburb of the
metropolis, has seen a continuous rise in social and economic
development and the material living standards of its people.
Rural residents have also developed higher demands for the
residential environment, public safety, culture, and recreation,
as evidenced by the increased area of administration land.

Over the 15 years, the rural public service land in Pinggu
District has expanded by about 17.40%. Comparing the changes
in different towns, we can find that the expansion of rural public
service land in towns located in remote mountainous areas is
significantly higher than that in other towns. For instance, XEZ
increased by 83.99% and DHS by 66.65%, while the growth rate
of DXZ, which is located around the central city, is relatively low
at 10.08%. To some extent, this significant regional difference can
reflect the local government’s support for the construction of
public services in remote areas. The villages located in the central
area benefit from the radiating effect of the central city and
already have a good foundation for public services construction.
The rural public service land is no longer obsessed with the
expansion of area but is developing in the direction of improving
quality and efficiency.

3.1.2 Spatial pattern of rural public service land

This study analyzed the spatial distribution characteristics of
rural public service land in the Pinggu District. As shown in
Figure 2A, the rural public service land in Pinggu District shows a
clear pole-nucleus distribution, with a spatial pattern of dense in
the southwest and sparse in the northeast, which is consistent
with the low topography in the southwest and high in the
The
concentrate in the PG urban fringe, the MF industrial zone,

northeast of Pinggu District. high-density poles
and the center of townships. These areas have obvious
that s,

and a

excellent location, convenient
high of

development, which can provide material conditions for the

commonalities,
transportation, level socio-economic
construction of rural public services and guarantee the
development of public services. In contrast, the low-density
poles are distributed in the mountainous areas of the
northeast, where the transport network is irregular, and the
rural settlements are scattered due to the mountainous terrain.
As a result, rural public service land is also relatively scattered
and fails to show some agglomeration.

According to Figure 2B, the density of high-density poles has
increased continuously over 15 years. It formed a large medium-
density area with the surrounding areas, showing a trend of
concentrated contiguity. It means that the public service centers
in Pinggu District are being improved, and their functions are
being upgraded during the study period. At the same time, the
diffusion pattern of rural public service land is reflected in the
formation of many new agglomerations in the northern
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mountainous areas. It can be seen that the planning and
development of rural public service land in the Pinggu
District have gradually shifted to the periphery areas of the
central city, which is constantly filling up the shortage of rural
public service land in the northern mountain areas. In general,
the spatial distribution of public service land in Pinggu District
has become increasingly balanced over the study period under
agglomeration and diffusion. The agglomeration evolutionary
pattern is formed by the fact that the central town has an absolute
advantage in terms of gathering the best public services.
Conversely, the pattern of diffuse evolution is shaped by the
forced marginalization of remote rural areas, which constrain the
development of public services.

By extracting the rural public service land within 200m and
400 m of the main roads (Figure 2C), we found that more than
85% of the rural public service land in the Pinggu district
distribute along major transport routes. The proportion of
rural public service land within 200 m along the main roads is
as high as 50%, which is getting larger during the study period,
reaching more than 62.56% in 2019. This result implies a
significant trend in expanding rural public service land along
major roads. As for the reasons, topography and accessibility are
factors that are taken into account when planning and developing
rural public service land. Rural public service land is often
planned in areas that are easily accessible in order to cover a
larger area, such as on both sides of main roads and at village
entrances on flat terrain.

According to Figure 3A, there are significant regional
differences in rural public service land area per capita in
Pinggu District. There are two high-value areas, one of which
is located in the northern mountainous, such as DW village,
whose RPSL area per capita was as high as 124.56 m” per person
in 2019. DW village has a small population of only 146 people,
which is one of the reasons for its high rural public service land
area per capita. Another high-value area is the edge of the central
city, such as XSQ village, with a rural public service land area per
capita of 51.94 m” per person, which is close to the central city
and has an adequate supply of rural public service land.
Accordingly, rural public service land area per capita is at a
high level in XSW village. It is urgent to strengthen intensive
utilization.

3.2 Public service values of rural public
service land

3.2.1 Construction of rural public service
facilities

According to statistics, in 2019, the number of public service
facilities built within rural settlements in Pinggu District totaled
3,721, including nine types of public facilities, parks and green
healthcare, welfare education  services,

spaces, charity,

organization, entertainment, press and publication, and living
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The public service values of RPSL in Pinggu.
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services. The spatial distribution of rural public service facilities
in Pinggu District is closely related to the village system, with a
number of clusters (Figure 3B). In other words, the rural public
service facilities are clustered around the town centers, and the
aggregation is weakened with the reduction of the village system
level.

In 2019, the number of rural public service facilities in the
Pinggu District was 3.27 pcs per hectare. According to Figure 3C,
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there is a significant spatial difference in the number of rural
public service facilities per hectare, showing a spatial pattern of
high in the north and low in the south. On the one hand, for the
northern mountainous areas, due to the topography and socio-
economic level, it is difficult to develop and utilize the land, and
the construction of rural public service facilities can only be
concentrated on the limited land. On the other hand, the central
and southern regions have a larger area of rural public service
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land and well-equipped rural public service facilities. However,
the rural public service facilities are scattered, which reduces the
number of rural public service facilities per hectare to a certain
extent. With limited rural public service land, the Pinggu district
is relatively well served by public service facilities, but there are
also significant differences between villages.

3.2.2 Level of the basic public service capacity

Basic public service capacity represents the quality of public
services provided by the local government through finance and
other ways (Wang, 2010). In this study, it is regarded as one of the
indicators reflecting the public service values of RPSL in the
Pinggu District. The basic public service capacity level is
measured according to the index system (Table 1) shown in
Figure 3D.

The evaluation score for basic rural public service capacity in
Pinggu District is about 2.027. There are great differences
between villages, the village with the highest evaluation score
is located in WJZ village at 3.272, while the lowest score is only
0.620, which is LHS village in JHH township. The gap in scores
between the two villages reached more than five times. According
to Figure 3D, basic public service capacity is higher in peri-urban
villages than in remote villages and higher in plain villages than
in mountainous villages. To summarize, basic public service
capacity in the Pinggu District is characterized by “towns >
villages” and “central villages > peripheral villages.” Under
China’s dualistic urban-rural structure, advantageous resources
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tend to tile towards the central cities and towns. In the case of
Pinggu, the central towns have absolute regional advantages in
providing public services such as education and healthcare. In
addition, most of the road networks in the central towns arrange
in a grid, which contributes to even distribution and high overall
coverage of public service facilities. Accordingly, the basic public
service capacity is high.

3.2.3 Accessibility of rural public service land
With the help of the Voronoi model, this study measures
the accessibility of rural public service land in Pinggu District
under ideal conditions. The results show that the geographical
accessibility of rural public service land in the Pinggu District is
seriously polarized. Specifically, the smallest Tyson polygon is
only 90 m* in YGZ village around the urban area of Pinggu,
which means that people can access public services within a
90 m* area. However, in HY village, the nearest public services
available to residents are up to 10°m* The gap in geographical
accessibility between the two villages is great. According to
Figure 4A, geographical accessibility shows a circled expansion
that gradually decays outwards from the central town.
Specifically, the Tyson polygons in Pinggu town and MF
town are small in area but large in number, while the Tyson
polygons in the northern areas are much larger than the former
but smaller in number. It indicates that the closer to the center
area of Pinggu, the greater the accessibility of residents to public

services.
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TABLE 4 The allocation efficiency of rural public service land in
Pinggu.

Level of allocation Number Proportion in the
efficiency of villages (pcs) total number of
villages (%)

High 11 4.23%

Higher 9 3.46%

Medium 34 13.08%

Lower 162 62.31%

Low 44 16.92%

The above is the ideal accessibility of rural public service land.
In fact, the accessibility of rural public service land will not be
ideal due to the influence of the traffic road network and the slope
of the terrain. Therefore, this study further describes the traffic
accessibility of RPSL in the Pinggu District by analyzing the
shortest distance between traffic networks. The visualization
results are shown in Figure 4B. The results show that the
average traffic accessibility of RPSL in Pinggu District is about
52.69. The highest value of 345.28 is located in LY village of MF
town, and the lowest value is in DYS village of ZLY town at only
2.32, a difference of nearly 150 times. There is a large gap in traffic
accessibility of RPSL between villages. It also reflects, to a certain
extent, the uneven distribution of rural public service land in the
Pinggu District.

According to Figure 4B, there is a consistency between the
areas with high traffic accessibility of RPSL and the township
centers. In other words, the spatial pattern of traffic accessibility
of RPSL in Pinggu is centered on the central town. In addition, it
is not difficult to see that the areas with high traffic accessibility
are obviously distributed along the main traffic routes, and their
levels are closely related to the density of the road network. On
the one hand, the well-developed transport infrastructure and
transport road network in the central towns bring convenience in
accessing public services, thus enabling the public services in the
central towns to serve both the local area and the surrounding
area. On the other hand, villages with poor economic
development lack public services, as well as the roads can only
be built according to the terrain, making the road network within
the village irregular, which has a significant impact on the
accessibility of public services.

3.3 Allocation efficiency of rural public
service land

According to the model for allocation efficiency of rural
public service land, the allocation efficiency of RPSL in Pinggu
District is measured, and we divided it into five levels: high level,
higher level, medium level, lower level, and low level. The
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number and proportion of villages at different levels are
shown in Table 4.

In 2019, the allocation efficiency index of rural public service
land in Pinggu District was 0.690. Only 54 villages reached the
medium level and above (with an allocation efficiency index of
0.690 or above), accounting for 20.77% of the total number of
villages. Only 4.23% of the villages had high allocation efficiency,
while 79.23% were below the lower level. Clearly, the rural public
service land has not been fully and rationally utilized, and there is
a waste of resources with a mismatch between inputs and
outputs. Significant differences are found when comparing the
allocation efficiency of rural public service land in different
villages. For example, there is a large disparity in the
allocation efficiency index between the XNJY village and TZY
village, also located in the DHS town, with the former being as
high as 7.181, while the latter is only 0.015. This regional
difference is also visually reflected in space. According to
Figure 5, the areas with low allocation efficiency occupy most
of the Pinggu District, while the high-level areas show a circled
distribution centered on the central town.

Obviously, the use of rural public service land in the Pinggu
District is inefficient. In recent years, China has increased
investment in rural public services in the context of building a
new socialist countryside. Moreover, rural public service land has
been planned and developed, which has contributed to an
effective improvement of public services in the suburbs of
metropolitan areas such as Pinggu. However, excessive
development, extensive utilization, and poor quality of public
services will make the low allocation efficiency of rural public
service land. These three scenarios are explained in detail below.

First, there may be a mismatch between the planned rural public
service land and the actual situation. Although the government has
planned a large area of land to construct public service facilities, only
a small proportion of the land area is actually utilized, or even a large
area of land is idle. Alternatively, undifferentiated planning between
villages has resulted in the land area not matching the actual
population, resulting in the crude and inefficient use of rural
public service land. Second, in some areas, even though there is a
suitable area of RPSL, there may be problems with public service
facilities, such as a small number of facilities, poor equipment, low
coverage, and substandard quality. In addition, the undifferentiated
scale and content of the facilities may lead to homogenization and a
lack of personalized services. Rural residents prefer to spend time
and money to enjoy quality public services in the central town rather
than settle for less. This results in an inefficient situation where
facilities are available but not used. Third, Pinggu has a large
mountainous and semi-mountainous area with relatively complex
topographical conditions, which limit the development of rural
public service land in villages in mountainous areas. The rural
public service land is often concentrated on the sides of main roads
or at the entrances to villages with flat terrain. Moreover, the
accessibility of rural public service land in remote villages is low.
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FIGURE 5
The allocation efficiency of RPSL in Pinggu.

It would somewhat impact the efficiency of rural public service
land use.

4 Discussion

4.1 Growing and diversified demand for
rural public service land

During the study period, the increase in rural public service
land in Pinggu District accounted for 10.61% of the total increase
in rural residential areas. In fact, the expansion of rural public service
land has become a common phenomenon in the metropolitan
suburbs with rapid urbanization represented by Pinggu. Since the
21st century, China has started to follow the development path of
promoting agricultural development through industry and rural
development through urban development. To realize it, China has
begun to pay attention to the issues relating to agriculture, rural
areas, and farmers. The government has provided policy preference
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to the development of agriculture, rural areas, and farmers, including
increased public financial support for agriculture. Since 2004, China
launched a new socialist countryside construction and has taken a
series of measures to strengthen the public services, including
strengthening the construction of rural infrastructures such as
irrigation and water conservancy and rural roads and increasing
financial investment in compulsory education and medical
conditions in rural areas, etc. These measures aim to allow public
services to reach more rural areas and benefit farmers. Public
financial support for rural public services has directly contributed
to expanding and restructuring rural public service land as a spatial
carrier of various public facilities.

Although the national supply of public services is increasing,
there is still a great demand for public service land in most rural
areas. Villages located in the suburbs of metropolitan areas are
more likely to be driven by the radiation of the metropolis than
other remote areas. As a result, these villages tend to have a more
pressing need for road network improvements, infrastructure
construction, and improved educational and medical resources.

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.986417

Zheng et al.

It also requires the government to plan more rural public service
land to ensure the physical basis for constructing public service
systems. However, in Pinggu District, a metropolis suburb with a
population of over 400,000, the proportion of rural public service
land in rural residential areas has increased from 5.95% to 6.36% but
still falls short of the standard line (10%) (Standardization Corporate
Average Fuel Economy, 2013). The supply of rural public service
land in remote areas is still critical, given the inadequate area of rural
public service land in the metropolis suburb.

In the future, the relevant government departments should
dynamically adjust the supply of rural public service land to adapt to
the increasingly diversified demand for public services. In the early
years, people’s demand for public services was elementary, mainly
for basic public services such as medical treatment and education for
children. Rural public service land was mainly used for rural
infrastructure construction, such as road hardening, installation
of street lights, conversion of toilets and kitchens, and construction
of rubbish disposal stations. In recent years, with the development of
humanism, the connotation of farmers has begun to change
substantially. Farmers are no longer passive identities
traditionally bound to the land but modern individuals with an
independent spirit. Especially in the rural areas of well-developed
regions such as metropolitan suburbs, the non-agriculturalization
and the rise in material living standards have prompted a significant
shift in the farmers’ demand for public services. Not only do farmers
have a strong demand for basic public services, but they also have
more diversified needs in terms of spiritual and emotional
experiences such as the living environment, public safety, and
recreation. Moreover, they even put forward higher requirements
for the quality of public services. Therefore, policymakers and
planners should plan rural public service land rationally from
the perspective of rural residents in the future. It can be done by
setting flexible indicators for rural public service land to adapt to the
changing public service needs of residents dynamically.

4.2 Spatial imbalance in the allocation of
rural public service land

The rural public service land in Pinggu District presents a clear
pole-nucleus distribution, with a spatial pattern of dense in the
southwest and sparse in the northeast. The rural public service land
area per capita is obviously polarized. In addition, the public service
values of RPSL in Pinggu District show significant regional
differences, which are inflected in three aspects: the rural public
service facilities are clustered around the town centers, and the
aggregation weakened with the reduction of the village system level;
basic public service capacity in the Pinggu District is characterized
by “towns > villages” and “central villages > peripheral villages”; the
high-level traffic accessibility of RPSL in Pinggu centers on the
central town. It is not difficult to find that these high-value areas are
all areas with good location, transportation, and socio-economic
development. To some extent, it also reflects the uneven spatial
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allocation of rural public service land due to differences in the socio-
economic development of the countryside.

The uneven spatial allocation of rural public service land reveals
the reality of the non-equalization of public services. Under China’s
dualistic urban-rural structure, advantageous resources tend to tile
towards the central cities and towns, which has also brought about
the non-equalization of public services (Gao and Tang, 2018). In
general, as the forerunner areas of urbanization, the central towns
have an absolute advantage in supplying rural public service land. It
also can gather the best educational, cultural, and medical resources
in the region. Also, with the advantages of a dense road network, a
wide range of public service facilities, and a high overall coverage
rate, it can naturally radiate to the surrounding villages and drive
basic public service capacity. However, remote rural areas are forced
to be marginalized due to the limited radiation range. The
backwardness of economic development affects the supply of
social resources, which in turn makes the high-quality resources
scarce, as evidenced by the lack of rural public service land, the low
standard of public service facilities, and the low quality of public
services. Furthermore, the low level of economic development has
led to a massive outflow of the population in rural areas, which has
restricted the development of public services. Rural areas are
trapped in a situation where the quality of public services is low
and difficult to improve. For example, a village is well-equipped for
medical care, but there are no doctors or doctors with no specialist
skills. In this way, the gap is gradually widened.

The equalization of public services is a critical path to realizing
the integrated development of urban and rural areas. The rational
allocation of rural public service land is the cornerstone for realizing
the equalization of public services. In the future, it is proposed to
build a living circle of rural settlements based on the public service
needs of residents and to optimize the allocation of rural public
service land based on the living circle. Second, it is suggested that the
government should improve the planning for the construction of
public service systems to build a public service system with a clear
hierarchy and complete content, thereby promoting an even spatial
distribution of public service facilities. Last but not least, the urban-
rural disparity is inevitable to a certain extent, so it is recommended
that policymakers appropriately shift their focus from the urban-
rural disparity to the rural-rural disparity. To achieve the goal of
equalization of public services by giving preferential policies to
remote and backward villages.

4.3 Inefficient utilization of rural public
service land

In Pinggu District, 79.23% of the villages have a low
allocation efficiency of rural public service land. It indicates
that the rural public service land has not been fully and
rationally utilized and that there is a waste of resources with a
mismatch between inputs and outputs. Specifically, it is evident
in four aspects. First, there is a mismatch between the area of
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rural public service land and the population. Second, there is no
differentiated way of allocating public service facilities. Third, the
quality of public services varies. Fourth, the accessibility of rural
public service land is low. It means that the allocation of rural
public service land in Pinggu District is not reasonable, and its
growth and imbalance coexist.

In recent years, the Chinese government has been planning and
developing rural public service land to ensure infrastructure
construction, thereby strengthening the public service system. In
fact, the function of rural public service land and the type of public
service facilities are also essential parts of the public service system
construction, directly affecting the allocation efficiency of rural
public service land (Zhan et al, 2015). Driven by the goal of
equalization of public services, rural areas tend to refer to cities
in the construction of public services in order to reduce the
difference between them and cities as soon as possible. It can
result in a negative outcome, namely, that the public service
system is constructed exactly according to the standards of the
cities, ignoring the actual situation in rural areas and the actual
needs of residents. Such an undifferentiated approach to the
construction of public service systems often results in a
mismatch between supply and demand for resources, leading to
idle and inefficient use of rural public service land.

In order to maximize the efficiency of rural public service land
use, the government should plan rural public service land
to the actual
development to avoid the source problem of mismatch between

reasonably according situation of village
supply and demand. For villages with poor natural background
conditions, issues such as population outflow and demographic
imbalance should be properly considered in land use planning and
development, and the area of rural public service land should not be
expanded blindly. Meanwhile, it is also possible to supply on
demand by surveying the individual needs of residents regarding
public services. On the other hand, for the rural areas of the
metropolitan suburbs, it is necessary to allocate various public
service facilities reasonably, given the limited rural public service
land, so that it can serve the local population on a larger scale and at
a higher quality. In addition, the quality of public services can be
strengthened by improving existing public service facilities, thereby
increasing the efficiency of rural public service land utilization. For
instance, renovating and reusing old public service facilities that are
structurally intact and of good quality.

5 Conclusion

Rural public service land is the carrier of rural public services.
Understanding the spatio-temporal pattern and allocation
efficiency of rural public service land is the basis for
promoting the efficiency of rural residential land and the
equalization of rural public services. Taking 273 villages in the
Pinggu District of Beijing as an example, this article integrated
multi-dimensional data, including geospatial data, network big
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data, and socio-economic data, to analyze the spatio-temporal
evolution characteristics of RPMSL from 2004 to 2019. The bi-
dimensional allocation efficiency index addressing qualitative
and quantitative development was introduced to measure the
allocation efficiency of RPSL. The conclusion is as follows:

The demand for public services in rural areas is increasing
and diversifying. During the study period, the area of rural public
service land in Pinggu increased by 57.28 ha, accounting for
10.61% of the total expansion of rural settlements, and the
expansion rate of the northern mountainous areas was higher
than that in other areas. The proportion of rural public services
land in rural residential areas has increased from 5.95% to 6.36%.
The rural public service land area per capita decreased from
10.22 m” per person in 2004 to 9.57 m” per person in 2019, and
the intensive utilization needs strength. The rural public service
land in Pinggu District was dominated by land for science,
education, culture, and health, and the structure of rural
public service land is becoming more balanced and diversified.
The rural public service land in Pinggu District presents a clear
pole-nucleus distribution, with a spatial pattern of dense in the
southwest and sparse in the northeast. Rural public service land is
characterized by both agglomeration and dispersion, as well as by
a significant tendency to expand along main roads.

The number of public service facilities built within rural
settlements in Pinggu District totaled 3,721 and is 3.27 pcs per
hectare. The spatial distribution of rural public service facilities in
the Pinggu District is closely related to the village system. The rural
public service facilities are clustered around the town centers, and
the aggregation is weakened with the reduction of the village system
level. The level of basic public service capacity and the public service
accessibility vary considerably between villages, with the former
reaching a high of 3.272 and the lowest 0.620, and the latter reaching
a high of 345.28 and a low of 2.32. Significant regional differences
exist in the public service values of rural public service land, and the
spatial distribution of high-value areas is closely related to the urban
system. It shows the uneven spatial allocation of rural public service
land. Furthermore, the uneven spatial allocation of rural public
service land reveals the reality of the non-equalization of public
services.

The mismatch between supply and demand could lead to
inefficient rural public service land use. The overall allocation
efficiency index of rural public service land in Pinggu District is
0.690.79.23% of the villages are below the lower level, which
indicates that the rural public service land has not been fully and
rationally utilized and that there is a waste of resources with a
mismatch between inputs and outputs. It is mainly reflected in
the mismatch between the rural public service land area and the
population, the non-differentiated allocation of public service
facilities, the uneven public service quality, and the low
accessibility of rural public service land.

In the future, policymakers should plan rural public service land
rationally from the perspective of the actual situation in the future.
First, it is possible to dynamically adapt to changes in residents’
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public service needs by setting flexible indicators for rural public
service land. Second, it is proposed to build a living circle of rural
settlements to optimize the allocation of rural public service land.
Third, the mismatch between supply and demand can be avoided by
surveying residents’ individual needs for public services. Finally, the
allocation efficiency of rural public service land can be improved by
improving existing public service facilities.

The contribution of this study is not only to enrich the research
perspective of rural public services but also to provide a reference for
the study on the utilization and optimization of rural settlements.
The scientific originalities of the article are to understand the
development of rural public services by exploring the evolution
pattern and allocation efficiency of RPSL using land use data.
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