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Mountainous counties are under the twin pressure of urbanized development
and resource extraction, and the conflict of “Production-Living-Ecological
Spaces” is becoming more serious. Tongdao County, a typical mountainous
county in the border area of Hunan, Guizhou, and Guangxi provinces, was
selected as the research area based on the land use data, road data, and POI
data from 2000 to 2020. This study developed spatial classification construction
of PLES, incorporated landscape pattern index, and examined the temporal and
spatial evolution of PLES. Utilizing GeoDetectors to pinpoint driving factors, and
the following conclusions were drawn. First, it is clear that Tongdao County’s
PLES is horizontally differentiated, with the ecological space predominating. The
majority of the production space is situated in the area with gentle slope angles,
and the living space is dispersed between the ecological and production spaces.
Second, The PLES show obvious vertical differentiation, with the production
space, living space, and weak ecological space all concentrated in the lower
regions below the boundary line of 600m in elevation and 8° in slope. The region
below a height of 600 m is home to the majority of the strong ecological space.
Third, PLES are significantly affected by water sources and roads, and the
production and living spaces are typically located adjacent to these features.
Finally, the development and evolution of PLES patterns are primarily influenced
by natural geographical factors, with socioeconomic factors acting as the primary
driving force. The interplay of these components results in a synergistic
enhancing effect.

KEYWORDS

mountainous counties, Production-living-ecological spaces, driving factors, spatial
evolution, land use

1 Introduction

“Production-living-ecological spaces” (PLES) is a territorial space concept put forward
by the report of the 18th CPC National Congress from a strategic height and in plain
language when elaborating the key points of ecological civilization construction and
development (Jiang and Liu, 2020). The government and academics have defined
common goals of intensive and efficient utilization of production space, livable and
moderate-scale living space, and green and beautiful ecological space to accomplish the
sustainable development of China’s geospatial space (Li and Fang, 2016). PLES is the most
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recent iteration of the worldwide notion of sustainable development
and the Chinese government’s functional land-zoning project (Zhou
et al., 2019). It is the fundamental carrier of socioeconomic growth
and encompasses the spatial activities of human social life. They
have constraints and symbiotic integration, and they are
independent of each other and interconnected (Lin et al., 2022).
Production land, living land, and ecological land are the three
categories into which land usage can be separated from a
functional standpoint (Jiang et al., 2022). Production land refers
to the land with supply function for agricultural, industrial and
commercial activities to obtain products; Living land carries and
guarantees human settlements, and has leading functions such as
residence, consumption and entertainment, etc. (Duan et al., 2021);
The land that essentially maintains, manages, and guarantees the
ecological security function is known as ecological land (Zhang et al.,
2015). The construction of PLES can be connected with regional
transformation and development, and its diversification and
holisticness can greatly drive regional transformation (Yang et al.,
2018). In recent years, the concept of PLES has gained significant
traction within the international community. Consequently,
categorizing land space types from a PLES perspective has
increasingly emerged as an effective tool for our government to
implement sustainable spatial planning and management (Bao et al.,
2021). At the same time, the construction of the PLES system can
fully capture the quality of urban and rural settlements, reflecting
economic growth (production), convenience and comfort of
residents (life), and ecological health (ecology) (Qin et al., 2024).
Scholars have been working on the theoretical connotation and
framework construction of the PLES in recent years (Wang et al.,
2020), the categorization system of PLES (Dang et al., 2014), the
functional identification and pattern evolution of PLES (Zhang et al.,
2015; Shi et al., 2018), optimization and regulation of PLES (Liao
et al., 2017). It has become a new trend to measure the dynamic
change of PLES quantity and the evolution of spatial and temporal
pattern, and to integrate the research methods of related disciplines
(Li et al., 2018). The Stepwise regression method (Shi et al., 2018),
GeoDetectors (Song et al., 2021), the redundancy analysis method
(Jiao et al., 2021), the Future Land Use Simulation model (FLUS
model) (Li et al., 2017), the Conversion of Land Use and its Effects at
Small regional extent model (CLUE-S Model), etc., are commonly
used in the study of PLES (Zhu et al., 2019); The construction of
PLES can be connected with regional transformation and
development (Yang et al., 2018), and its diversified and holistic
function orientation can greatly promote regional transformation
(Wang et al., 2023). Generally speaking, most of the existing studies
concentrates on the investigation of the characteristics and
optimization of the structure of PLES in different periods and
lacks research on the evolution of spatio-temporal pattern
patterns of PLES and the driving force of it in a long time series.
Point of Interest (POI), as a significant spatial correlation data
relating the land use status, describes the spatial location and
attributes information of geographic entities. To some extent,
POI can reflect all types of activities in the city, and reflect the
level of development of the public service industry, the scale of
industry, and the development of commerce. It has also been
instrumental in the measurement of urban sprawl (Zhang and
Chen, 2019). It has been effectively used to analyze variables
influencing variations in the amount of land under cultivation as

well as variations in the pattern of land under cultivation (Liu et al.,
2020; Wang and Song, 2021), laying the foundation for the study of
quantitative spatial expression of the driving factors of the change of
spatial pattern of PLES. The POI data has a huge sample size and
rich information coverage, and it can be extremely beneficial in the
research of spatial driving factors when combined with
GeoDetectors (Zhang et al., 2021). Compared with traditional
methods that do not consider human factors, using POI data to
incorporate human factors into multi-scale comprehensive
evaluation results can more accurately reflect the actual situation
of the studied area, thus ensuring higher accuracy of the research
results (Zhu et al., 2024). GeoDetector is a spatial analysis tool that
detects spatial dissimilarities and reveals the driving forces behind
them and is widely used to conduct driving force analysis and factor
analysis. The use of GeoDetector in previous studies has
demonstrated their effectiveness in revealing the complexity of
geographic phenomena and has provided valuable insights into
understanding environmental dynamics and decision-making
processes (Kheyruri et al., 2024; Liu et al., 2023). Studies
combining GeoDetectors and POI data to investigate the factors
influencing changes in the spatial pattern of PLES in mountainous
areas are uncommon.

Mountainous counties are counties where the area of
mountainous areas accounts for more than 60% of the total area
of the county, where the area of slopes of less than 6° accounts for less
than 50% of the area of the county, and where the difference in
elevation between the county seat and the surrounding 3-km area is
greater than 100 m. Compared with the plains, mountainous areas
are at a disadvantage in terms of natural conditions and location,
fragile ecological environment, and imperfect infrastructure.
However, mountainous areas generally have a better resource
base and are very rich in natural resources, biological resources,
and tourism resources (Fan et al., 2015). Mountainous counties are
subject to the double pressure of urbanization and resource
development, the conflict of PLES is more intense, and the land
use is more likely to be constrained by its natural background and
the impact of economic development. Land use conflict is not only a
microcosm of social phenomena but also a geographic phenomena
with spatial heterogeneity; therefore, the study of spatial
characteristics and driving factors of land use conflict in a
specific socioeconomic context is crucial for the scientific
guidance of land use conflict regulation and mitigation.
Moreover, the ecological security issues that mountainous
counties face are more complex and urgent due to the constant
change of land functions, increased sensitivity to land use, and the
drastic change of landscape pattern, so the analysis of the evolution
of PLES can help to formulate and evaluate spatial policies, enhance
the ecological security of mountainous counties, and motivate the
sustainable development of land (Yang et al., 2020), improve the
spatial layout of urban and rural land use (Liu et al., 2018).

The whole area of Tongdao County has many mountains and
few fields and is a typical mountainous county. Nowadays, it is
necessary to conduct a systematic study on the evolution of the
overall land space pattern and mechanism of Tongdao County from
the perspective of the PLES, to connect the micro land use and
macro development strategies and explore the spatial evolution law
and internal mechanism of the long time series, to build an efficient
path for the optimization of the regional land space pattern (Yin
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et al., 2024). Optimization of the PLES is the basis of the spatial
planning system, and it has become one of the cores of China’s
ecological civilization construction and sustainable development

strategy to realize the production, living, and ecological space
coupling and coordinated and sustainable development of the
rural land system (Liao et al., 2019). Thus, based on the

FIGURE 1
Location of Tongdao County.
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perspective of PLES, this paper adopts the land use transfer matrix,
landscape pattern index, and GeoDetector method to reveal the
spatio-temporal evolution of PLES from 2000 to 2020 in terms of
topography, towns, roads and explore the factors that drove the
evolution of PLES to provide scientific basis for the sustainable
development of other mountainous counties.

2 Study area and data sources

2.1 Study area

The Dong Autonomous County of Tongdao in Hunan Province
is located in the border Dong region of the Hunan-Guizhou-
Guangxi tri-province area (Figure 1), which refers to the area
stretching from the slope mountain range of the tri-province area
and its remaining veins at the junction of Hunan-Guizhou-Guangxi
tri-province area (Li and Shen, 2019). The region is a major road
leading to the southwest of China. Situated in the transition zone
between the Yunnan-Guizhou Plateau and the western end of the
South Ridge, the region is extended by the remaining veins of the
Xuefeng Mountains in the northeast and the remaining veins of the
Miao Ridge in Guizhou in the southwest. The landforms in the
county are complicated and diversified due to the influence of many
geological and tectonic movements and external factors over a long
period, with mountains accounting for 77.67%, hills for 15.39%,
hillocks for 1.91%, and flatlands for 3.08%, and there is also a special
type of landforms-“Danxia” karst landform. By the end of 2022,
Tongdao County had 20,047 residents, a GDP of 6.084 billion yuan,
a per capita GDP of 30,260 yuan, and a structure ratio of 15.3:30.2:
54.5 for the three industries.

Tongdao County is characterized by mountainous terrain with
great ups and downs. The general outline of its geomorphology is as
follows, north of the watershed, east, south, and west of the higher,
the northern part of the rise, the central depression, the terrain to the
center, to the west tilt, the mountains and hills, valleys, with a clear
belt distribution pattern. South of the watershed, the geothermal
from north to south has a sharp decline, the surface is cut deep, and
the terrain is undulating, with high mountains and deep valleys. The
middle and low mountains are the main landforms of
Tongdao County.

2.2 Data sources

The data used in this study mainly include land use data, DEM
data, meteorological data, and related statistics. The land use data,
DEM data, and meteorological data of Tongdao County for the three
periods of 2000, 2010, and 2020 are all from the Resource and
Environment Science and Data Center of the Chinese Academy of
Sciences (http://www.resdc.cn/), with a spatial resolution of 30 m ×
30 m, in which the elevation and average slope are extracted based
on the ArcGIS software through the DEM data. The data of
transportation road networks and urban settlements are from the
land survey data, and the POI data are from amap, which are
categorized into public management service, transportation facility
space, life service space, etc., according to their own attributes and
research needs. The data processing tool is ArcGIS10.8, and the

spatial data are unified to the same coordinate system and projection
system (WGS_1984_Albers).

3 Research methods

3.1 Production-living-ecological
space division

Starting from the land use characteristics of Tongdao County,
drawing based on existing studies (Jiang and Liu, 2020; Liu et al.,
2017), based on the principle of dominant function of land use,
combined with the local reality, as a way to construct the PLES
classification system of Tongdao County. The system contains two
levels of classification; the first level of classification consists of
ecological land, production land, and living land; the second level of
classification mainly consists of land types subdivided under the first
level of classification, with a total of five subclasses (Table 1).
Ecological space is comprised of forest land, grassland, and water
bodies; production space includes arable land; and living space land
is mainly settlements and construction land.

3.2 Land use transition matrix

The land use transition matrix reflects the direction and amount
of transfers out and in for each land use type during the study period
through a matrix table. Its formula is (Equation 1):

Mij �
M11 M12 / M1n

M21 M22 / M2n

/ / / /
Mn1 Mn2 / Mnn

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ (1)

Where: M represents the land use change area matrix; n
represents the number of land use types; i and j represent the
land use types before and after the change; represents the area of
land type i transformed into land type j. The larger the value
indicates the more drastic the change, and vice versa, the change
is small, and Mij = 0 indicates that there is no transformation of
the land type.

3.3 Landscape pattern index

For discontinuous land pattern changes, the landscape pattern
index highly condenses the spatial pattern information, and the
landscape pattern index analysis based on land use data is an
important tool for the study of landscape spatial patterns (Yu
et al., 2020). With the support of Fragstats 4.3 software, the
patch density, largest patch index, and aggregation index were
selected from the landscape type level index to analyze the
characteristics of cropland pattern changes (Table 2).

3.4 GeoDetector

GeoDetector is a set of statistical tool for detecting spatial
heterogeneity and revealing the driving forces behind it (Wang
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and Xu, 2017). In recent years, GeoDetecetor has also been used to
study sources of soil contamination (Liu et al., 2025), groundwater
potential (Tegegne et al., 2024). It includes a factor, risk,
ecological, and interaction detector. The calculation formula is
(Equation 2):

q � 1 − 1
Nσ2

∑L
h�1

Nhσ
2
h (2)

Where, q is the explanatory power index of the influence factors
of the triton space, with a value range of [0,1], and its larger value
indicates that the driver has a greater degree of influence on the
triton space, and vice versa, the weaker it is; L is the number of
classifications of the influence factors; Nh and N are the number of
cells in layer h and the study area, respectively; and σℎ2 and σ2 are the
three tritons of the triton space utilized in the layer h and the study
area Variance.

The formation and evolution of the spatial pattern of PLES is a
spatial presentation of the combined effect of natural geographic
factors and socioeconomic factors (Liu et al., 2020)。According
to the characteristics of the geographic environment of Tongdao
County, combined with relevant research (Shi et al., 2018; Wu and
Meng, 2020), In this paper, we select elevation (Elevation),
average slope (Slope), average annual temperature (Tem),
average annual precipitation (Pre), distance to the rural road
(DisRural), distance to highway land (DisRoad), distance to
railroad land (DisRail), distance to the river water surface
(DisRiver), POI of public management service (PM), POI of
transportation facility (TF), POI of living service space
category (LS), POI of commercial service space category (CS),
POI of entertainment and leisure space category (EL), and
POI of green space and ecological space category (GE), a total
of 14 indicators, to detect the driving factors of the
evolution of PLES.

4 Analysis of results

4.1 Characteristics of PLES in
Tongdao County

4.1.1 Characteristics of horizontal distribution of
PLES in Tongdao County

Influenced by natural and socioeconomic factors, there are
obvious differences in the level of PLES patterns in Tongdao
County (Figure 2). In 2020, production land, living land, strong
ecological land, and weak ecological land in Tongdao County
accounted for 7.25%, 0.37%, 90.89%, and 1.49% of the county’s
total area respectively, with the strong ecological space occupying an
absolute position (Table 3). Among them, the production space is
distributed in the county in the form of a band; the living space is
dispersed throughout the production and ecological space in the
form of a point, and the patches are expanding continuously in any
order, and they are urban settlements of varying sizes, while the
strong ecological space is the most extensively distributed and has
the largest area in Tongdao County, primarily consisting of
mountainous forest land. The main reason affecting the
horizontal distribution is that the main topography of the county
is mountainous with hills and valleys, and there is an obvious belt
distribution law, the ecological space is basically distributed in the
mountainous areas, and most of the production space and living
space is distributed in the hills and valleys where the topography is
more moderate, and therefore it is also distributed in the shape
of a belt.

During the period of 2000–2010, the distribution pattern of
ecological space, production space and living space in Tongdao
County has changed relatively little, with some adjustments to the
range of some weak ecological space or strong ecological space, and
some small-scale expansion or changes in living space. During the
period of 2010–2020, the changes will be more pronounced, with the

TABLE 1 Production-living-ecological spaces classification system in Tongdao County.

Site type Land use type

production land Paddy fields, drylands, reservoirs and ponds

living land Urban construction land, rural settlements, and other construction land

Strong ecological land Wooded land, shrubland, open woodland, high-cover grassland, medium-cover grassland, river canals, beach land

Weak ecological land Other woodland, low-cover grassland

TABLE 2 Landscape pattern index and calculation formula.

Landscape pattern
index

Formula Clarification

Patch density (PD) PD = Ni
A Ni is the number of patches of arable land change landscape type i;A is the total landscape area. Reflecting

the number of patches possessed per unit area, the larger the value, the higher the degree of fragmentation
of the land change landscape is indicated

Largest Plaque Index (LPI) LPI � max(a1 ,...,an)
A × 100 a is the patch area and n is the number of landscape patches. Reflects dominant patch types in the land-

change landscape and indirectly reflects the direction and magnitude of anthropogenic disturbance

Aggregation Index (AI)
AI � 2 ln(n) +∑n

i�1
∑n
j�1

Pij ln(Pij)
Pij is the probability that patch types i and j are adjacent. Reflects the degree of clustering of different

patch types in a land-changing landscape
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range of living space expanding, showing a more obvious growth
trend in Shuangjiang Town, Longcheng Town and Xikou Town. The
distribution of ecological space has also been adjusted to some
extent, with the area of weak ecological space in Xikou Town
decreasing more significantly, and the strong ecological space in
the whole county being squeezed out by other spaces, especially
living space. The production space, on the other hand, has relatively
little change and is relatively stable.

4.1.2 Vertical distribution characteristics of PLES in
Tongdao County

There are obvious differences in the vertical gradient of PLES in
Tongdao County. Taking 600 m above sea level and 8° slope as the

boundary, the living space, production space, and weak ecological
space were concentrated in the area below the boundary, and the
strong ecological space was mainly distributed in the area below
600 m above sea level. The living space and production space show a
trend of rising and then falling with the elevation, and the peaks of
the number of spaces appear at 400–600 m. This reflects that the
natural environment and soil and water resources in the range of
400–600 m above sea level in the county are the most suitable areas
for human life and production. The maximum values of strong
ecological space and weak ecological space both appeared at the
altitude of 400–600 m (Figure 3).The influence of slope on PLES
showed that the living and production space were concentrated in
the 0°–8° region and steadily declined as slope increased; the area of

FIGURE 2
Pattern and evolutionary characteristics of PLES in Tongdao County. (a) 2000. (b) 2010. (c) 2020.

TABLE 3 Changes in the area of PLES in Tongdao County during 2000–2020.

year Area/m2

Production space Living space Strong ecological space Weak ecological space

2000 165372481.80 4775400.00 2032936526.25 10021308.03

2010 160309628.73 4526100.00 2026122651.09 22147336.26

2020 160413658.05 8129066.51 2010379294.35 32993275.26
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strong ecological space and weak ecological space showed a trend of
decreasing with the rise of slope and were concentrated in the area of
8–15° (Figure 4). The main reason affecting the vertical distribution
is the flat terrain and excellent hydrological conditions of the low-
altitude plains and hills, which are suitable for agricultural
production and human life, while the high-altitude areas are
mostly ecological spaces due to the steep terrain, which is not
suitable for human production and life.

4.2 Characteristics of changes in PLES in
Tongdao County

4.2.1 Changes in the structure of PLES
The weak ecological space in Tongdao County had an increasing

tendency between 2000 and 2020, increasing two times in 20 years,
with a total increase of 22971967.23 m2; the living space and
production space experienced fluctuating changes of decreasing
and then increasing, in which the living space, in general,
increased nearly one time, with a total area of 360,3516 m2; the
production space in general decreased in area of 4958824 m2; only
the strong ecological space shows a continuous decreasing trend,
reducing the area by 22557232 m2.

As can be seen from Figure 5, from 2000 to 2010, strong
ecological space was mainly transformed into weak ecological
space and production space, production space was mainly
transformed into strong ecological space, and living space
accounted for a relatively small proportion, most of which was
transformed from strong ecological space; from 2010 to 2020, the
proportion of strong ecological space transformed into living space
increased dramatically, and the proportion of production space
transformed into living space also increased relatively. Living
space nearly doubles in size due to the transfer of other spaces.
During the 20 years, living space and weak ecological space are less
converted to other space, while the area of strong ecological space to
other space is the largest, amounting to 6306623626 m2, and the area
of transferring out to other space is larger than the area of its
transferring into it, of which 51.75% is converted to weak ecological
space, and 42.26% is converted to production space. Weak ecological
space is mainly inter-transformed with strong ecological space.

To sum up, the area of PLES in Tongdao County has changed
significantly over time, with the living space encroaching on the
production space under the impetus of rapid urbanization, and at
the same time, the area of the strong ecological space has decreased
as a result of both the county’s ecological environment deteriorating
and its living space growing. Production space and strong ecological

FIGURE 3
Distribution of PLES by elevation in Tongdao County.

Frontiers in Environmental Science frontiersin.org07

Cao et al. 10.3389/fenvs.2025.1503023

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2025.1503023


space are frequently transformed into each other. The lesser
transformation of living space into strong ecological space and
production space is related to the local urbanization process and
infrastructure development. Themutual transformation of weak and
strong ecological space reflects the dynamic changes in the regional
ecological environment.

4.2.2 Changes in the pattern of PLES
As can be seen from Figure 6, the spatial transformation of PLES

in the past 20 years has been very decentralized in Tongdao County,
and during the period from 2000 to 2010, there was a concentration
of strong ecological space transformed into production space in the
town of Xianxi, the area of weak ecological space transformed into

strong ecological space is the largest, with an area of 18,243,557 m2,
which is distributed throughout the entire county; and the area of
strong ecological space transformed into production space is
13279442 m2, mostly expanding around on the basis of the
original production space. From 2010 to 2020, the
transformation of PLES is mainly the mutual transformation of
the production space and the strong ecological space in the whole
county, and mainly changes on the basis of the original production
space, which is related to the land use and ecological protection
policies formulated by the government and the demand of the
economic development and the advancement of the agricultural
technology. In the northern part of the county, there are patches of
weak ecological space transformed into strong ecological space, in

FIGURE 4
Distribution of PLES by slope in Tongdao County.

FIGURE 5
Interconversion of PLES in Tongdao County during 2000–2020.
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the central part of the county, weak ecological space transformed
into production space and strong ecological space, as well as the
transformation of strong ecological space to weak ecological space
dispersed throughout the county.

The landscape pattern index was further applied to analyze the
characteristics of the changes in PLES patterns in the two study
periods, The results demonstrated that, in comparison to
2000–2010, the patch density of each type of cultivated land
modification increased between 2010 and 2020, which indicated
that due to the rapid mobility of factors of production and the
increase in the intensity of economic activities in this period, land
use drastic changes, the heterogeneity of landscape patches
increased. The landscape land type of PLES changes showed a
trend of fragmentation. The landscape land type of PLES changes
showed a trend of fragmentation. The largest patch index of the life
space to strong ecological space increased significantly in
2010–2020, from 0.0041% in 2000–2010 to 0.0331% in
2010–2020, which indicates that the patch area increased by
living space to strong ecological space is larger compared to that
of 2000–2010, and there is a trend of aggregation with the original
patches, indicating that the dominant patches in the process of
transformation of PLES have been protected to a certain extent. The
aggregation index generally shows a decreasing trend, indicating
that the transformation of PLES tends to be decentralized (Table 4).

4.3 Analysis of drivers of changes in PLES of
Tongdao County

4.3.1 Analysis of the drivers of changes in PLES
based on spatial statistics
4.3.1.1 Vertical gradient changes in PLES

As seen from Figure 7, production space increased only in the
area of 600–800 m above sea level during the 20 years and decreased
in all other altitude segments, with the greatest decrease in the area
of 174–400 m above sea level. Living space increased significantly in
the lower altitude segments. Strong ecological space decreased
significantly in the area above 600 m, while weak ecological space
increased in all altitude segments except 1000–1200 m, with the
greatest increase in the 400–600 m altitude segment. From the point
of view of slope, the production space in the area between 0°–8° of
slope decreases significantly, the living space in the area between
8°–15° of slope increases the most, and the strong ecological space in
the area above 8° of slope decreases significantly. The increase in the
area of weak ecological space was more significant in the 8°–15° and
15°–21° slope intervals. In contrast, areas with larger slopes
(e.g., >27°) are more fragile ecological environments due to
gravity, soil erosion, and other factors, and natural erosion and
other factors make ecosystem stability somewhat disturbed, leading
to a decrease in strong ecological space and an increase in weak

FIGURE 6
Spatial differences in changes in PLES in Tongdao County during 2000–2020. (a) 2000-2010, (b) 2010-2020.
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TABLE 4 Landscape pattern indices for PLES change types during 2000–2020.

Time frame Type Landscape pattern index

NP PD LPI AI

2000–2010 Production space→living space 55 0.0248 0.0033 95.1812

Production space→strong ecological space 3404 1.538 0.0247 90.1717

Production space→weak ecological space 6 0.0027 0 89.5522

Living space→production space 81 0.0366 0.0016 90.8555

Living space→strong ecological space 52 0.0235 0.0041 95.0204

Strong ecological space→production space 2863 1.2936 0.2111 94.5754

Strong ecological space→living space 6 0.0253 0.0091 95.6096

Strong ecological space→weak ecological space 77 0.0348 0.0659 98.5138

Weak ecological space→production space 27 0.0122 0.0091 97.7324

Weak ecological space→strong ecological space 127 0.0574 0.0585 98.7383

2010–2020 Production space→living space 459 0.2075 0.0002 77.7682

Production space→strong ecological space 26570 12.0126 0.0142 78.408

Production space→weak ecological space 99 0.0448 0.0002 78.4978

Living space→production space 491 0.222 0.005 85.9187

Living space→strong ecological space 420 0.1899 0.0331 95.9551

Living space→weak ecological space 1 0.0005 0.003 99.0975

Strong ecological space→production space 26484 11.9737 0.0007 77.8296

Strong ecological space→living space 383 0.1732 0.0003 78.2026

Strong ecological space→weak ecological space 2031 0.9182 0.0585 92.3978

Weak ecological space→production space 205 0.0927 0.0034 90.2087

Weak ecological space→living space 6 0.0027 0.0001 85.0679

Weak ecological space→strong ecological space 2142 0.9684 0.0647 96.3195

FIGURE 7
Vertical change in PLES in Tongdao County during 2000–2020.
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ecological space. Taken together, production and living space are
greatly affected by altitude and slope, and tend to be distributed in
areas with relatively low elevation, relatively flat terrain, and water
and heat conditions that may be more suitable for the development
of human production and living activities; elevation and slope have
less of an impact on ecological space, which is typically found in
mountainous and hilly areas with large slopes and medium to
high elevation.

4.3.1.2 Changes in PLES and the spatial relationship of
typical townships

Selecting the administrative centers of eleven townships in
Tongdao County to make 0–9000 m buffer zones for the
townships at 3000 m intervals, the area of PLES between the
buffer zones was counted in 2000, 2010, and 2020 (Figure 8).
The living space tends to be distributed in the area close to the
town center, mainly in the range of 0–3000 m, and in recent years
there has been a tendency to spread outward, and the area within the
range of 0–3000 m has been reduced, which may be related to the
development of urbanization, urban planning, and ecological
protection, and other human activities and policy orientation. In
the area of 3000–6000 m, the area of living space in 2020 is twice as
much as that in 2000. The distribution of production space is
centralized in 6000–9000 m, with a tendency to spread inward in
recent two decades and a certain degree of increase in the area within
the buffer zone of 0–3000 m. Strong ecological space and weak
ecological space are mostly distributed farther away from towns,
with more strong ecological space within the 6000–9000 m buffer
zone and relatively weaker ecological space within the 3000–6000 m
buffer zone. The spatial relationship between PLES and the towns
reflects that both the strong and weak ecological spaces near the
town settlements are transformed by the influence of
town expansion.

4.3.2 GeoDetector-based analysis of the drivers of
changes in PLES
4.3.2.1 Analysis of natural geographic factors

Natural geographic factors are the fundamental conditions
affecting the formation and evolution of the pattern of PLES in
Tongdao County. Natural geographic factors can redistribute light,
water, heat, and other conditions of regional land use, which limits
human development and utilization of land and constrains the

spatial configuration of land. The probability of changes in
cropland pattern is greater in areas with smaller elevation and
slope, and the degree of interference with the land by human
activities decreases with the increase of elevation and slope. From
the results of factor detection (Table 5), the average annual
temperature had the most significant effect on PLES. This was
followed by mean annual precipitation, elevation, and slope. The
average annual temperature can determine the types of local crops
and affect the crop ripening system, as well as affecting the
distribution of population and regional development, people tend
to gather in areas where the average annual temperature is more
suitable, while areas where the temperature is too high or too low are
relatively sparsely populated and unsuitable for crop production, so
they are more of an ecological space; the areas with moderate
precipitation are able to meet the demand for water for
municipal residents’ domestic use and for industrial use, so they
are mostly a space for living and production; the middle and low

FIGURE 8
Distribution of PLES in different buffer zones of typical townships in Tongdao County.

TABLE 5 Detection results of the drivers of spatial evolution of PLES in
Channel County.

PLES impact factor Qv Sig

Elevation 0.025552772 7.930908e-10

Slope 0.024113164 9.848751e-10

Temperature 0.029086376 6.392495e-10

Precipitation 0.027406862 1.495623e-10

Disroad 0.018984863 9.844263e-10

Disriver 0.057518724 6.509268e-10

Disrural 0.041249604 1.060638e-10

Disrail 0.032698120 2.150734e-10

EL 0.002701005 1.663535e-02

LS 0.001089934 3.637620e-01

CS 0.004740228 2.144847e-07

GE 0.003197374 5.035239e-05

PM 0.006158720 4.245953e-08

TF 0.003060252 5.184822e-03
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altitude areas have good thermal conditions and convenient
transportation, which are suitable for agricultural activities and
human habitation, while the high altitude areas have thin air and
complex topography, somost of them are ecological spaces; the areas
with smaller slopes are suitable for agricultural reclamation and
urban construction, so most of them are production and living
spaces, and the agricultural and industrial development in the areas
with higher slopes is prone to soil and water erosion, somost of them
are ecological spaces. The terrain of Tongdao County varies greatly,
with significant differences in elevation and slope within the region,
which makes it a county with a more significant driving force for
land use type changes.

4.3.2.2 Analysis of spatial distance factors
Spatial distance plays a dominant controlling role in shaping the

pattern of land use, and its driving effect on the changes of land use
pattern is very significant; areas closer to the river water surface and
rural roads have relatively frequent agricultural production
activities, and areas at a moderate distance from the water
surface of the river are the main areas for urbanization. Areas
closer to railroads and highways have frequent industrial and
commercial activities, and the increase of human activities
around these areas directly leads to the increased probability of
changes in the type of land use. While areas farther away from
railroads and highways are less accessible and are more ecological
and production spaces.

4.3.2.3 Analysis of socioeconomic factors
Socioeconomic conditions are the primary driving force

influencing the pattern of PLES in Tongdao County. The
detection results show that except for the entertainment and
leisure type elements that have no discernible impact on the
changes in the pattern of PLES, the rest of the POI elements
have a certain degree of influence on the changes in the pattern
of PLES in Tongdao County. The distribution of POI has a
certain degree of agglomeration and will attract related land-use
types to cluster towards them. For example, large commercial
centers will attract the surrounding commercial stores and
catering establishments to cluster and form commercial
clusters; while some ecological protection POI, such as
nature reserves and forest parks, will guide the surrounding
land to maintain the nature of ecological land use, forming a
relatively decentralized land use pattern and a clear separation
from the urban construction area. Geospatial elements are the
indirect manifestation of socioeconomic development, and as
the ability of agglomeration development is strengthened in
Tongdao County during the study period, the development and
utilization of land and the changes of utilization type have
occurred frequently, which exactly explains the stronger driving
role of POI geospatial elements.

4.3.2.4 Interaction detection results and analysis
Figure 9 shows that the two-by-two interaction of each driving

factor in PLES is stronger than the interaction within a single factor,
all nonlinearly enhanced and two-factor enhanced, suggesting that
the drivers are not independent individuals from each other, but
rather that there are complex interactions. Specifically, the
interaction between distance from river water surface and mean

annual precipitation had the greatest explanatory power for the
spatial pattern of PLES, indicating that distance from river water
surface affects mean annual precipitation, which in turn affects the
spatial pattern of PLES. Meanwhile, the distance to river water
surface showed a more significant synergistic enhancement effect
with the remaining 12 factors. This reflects that the distance to the
river water surface affects the location of roads and points of interest,
which in turn affects the spatial pattern of PLES. The interaction
between elevation and the other factors was also strong because
elevation affects temperature, precipitation, and people’s choice of
roads and sites of interest, which in turn affects the spatial pattern of
PLES. In addition, the interaction between human and natural
factors is generally stronger than the interaction between natural
factors, which has an important impact on the evolution of the PLES
pattern in Tongdao County.

5 Discussion and conclusion

5.1 Discussion

Based on the process of the evolution of PLES and the driving
factors revealed in Tongdao County, this paper analyzes the
distribution and evolution of PLES and their driving forces in
Tongdao County and discusses the long-term plan for
environmentally conscious preservation and development.

Strong ecological space is concentrated in the remnants of the
Miao Ling and the remnants of the Xuefeng Mountains. In recent
years, with the social and economic development of Tongdao
County, the living space has been expanding, which has caused
certain pressure on the strong ecological space. Meanwhile, due to
the early rough mode of national land development and the
insufficient understanding of the ecological function of the land,
which led to the blind occupation of the ecological space, the quality

FIGURE 9
Interaction detection results of the drivers of the evolution of
PLES in Tongdao County during 2000–2020.
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of the ecological environment has been damaged, and the strong
ecological space is decreasing continuously. Based on improving the
construction of Hunan Yudaihe National Wetland Park, Mount
Wanfo and Dongzhai Scenic and Historic area, and Hunan Qilin
Mountain Provincial Nature Reserve, maintain and improve the
protection for wetlands, grasslands, and natural forests, and
rigorously implement the projects of soil and water conservation
and treatment, mine restoration, and converting farmland back into
forests and grasslands. To focus on ecological conservation of
ecological, characteristic, and cultural development path.
Combined with industry cultivation, water conservation, ethnic
culture protection and inheritance, and targeted poverty
reduction, the function of strong ecological space will be
continuously improved.

Weak ecological space is dominated by other woodlands and
low-cover grasslands, mostly distributed around strong ecological
space. Although the ecological function is weak, the area is widely
spread and has been increasing in recent years. Weak ecological
space is fragile and sensitive, and reducing human interference is the
key to ecological restoration and preventing the degradation of
strong ecological space into weak ecological space, with measures
such as strictly prohibiting pastoralism, rotating pastoralism, and
resting pastoralism; in addition, Ecological restoration projects such
as water and sand management and key forestry should be
implemented to restore and expand the size of natural oases
(Yang et al., 2021).

Production space is concentrated in areas with low elevations
and gentle slopes, with production functions as the mainstay and
ecological functions considered. In recent years, the production
space has been gradually reduced, and the “three lines and three
zones” have been delineated and defined in the context of land space
planning, with controlling land use as a crucial instrument for
preventing significant alterations to ecological space and
enhancing its overall suitability. Based on the different
geographic conditions of each township, the layout of production
space and ecological space has been scientifically guided to prevent
the replanting of fallow forests and the degradation of newly
afforested land, and the strict implementation of the relevant
engineering standards should also take into account the
topography of specific areas, sunshine, precipitation, and other
natural factors, to make the layout of production space
more rational.

Living space is dominated by towns and rural settlements at all
levels, mostly scattered around production space, with strong
production and living functions. In recent years, there has been a
significant trend in the expansion of the area, mainly crowding out
ecological space. With the rapid development of China’s economy
and the acceleration of urbanization, various economic and social
activities that were previously concentrated in the central urban
areas are gradually spreading to the suburbs (Gao and Cheng, 2020).
Excessive human activities have polluted and damaged the
ecological space, affecting the fulfilment of its ecological
functions. It is necessary to plan and build an appropriately sized
urban system, advocate conservation and intensive utilization, and
promote land improvement projects in rural settlements; to increase
the renovation and upgrading of old urban areas and rural
settlements, and to expand rest and green space, to improve the
sense of wellbeing of residents.

The formation and evolution of PLES in Tongdao County
embodies the integrated interactive coupling of natural
background and socioeconomic factors. The natural geographic
factors are the fundamental conditions for the evolution of PLES,
and the socioeconomic factors have an obvious driving role. The
introduction of POI point data enriches the identification system of
the driving factors for changes of PLES, effectively identifies the
importance of each spatial driving factor for changes of PLES in
combination with GeoDetector, and enriches the research
methodology of the influencing factors for changes of PLES.
However, due to the complexity of the changes in the land
system, the relevant research still needs to be refined and
deepened, and the systematic and comprehensive exploration of
the driving factors of the PLES changes should be further carried out
in the future.

Combined with the resource and environmental carrying
capacity, ecological vulnerability, and socioeconomic development
level of the county, scientifically delineate the living and production
space boundary, strengthen the boundary control and supervision
mechanism, construct a new pattern of ecological civilization
construction with sustainable development and coordination of
“production-living-ecological,” and improve the key technical
links of rational allocation and governance and the response of
the regional land space resources, to guarantee the high-quality
development of urbanization and ecological space security in the
county. Efforts should be made to improve the land use efficiency of
production and living space and to ensure that the socio-economic
development of Tongdao County will not be at the expense of the
rough use of land space.

In conclusion, this study provides a scientific basis for
revealing the characteristics of the evolution of the spatial
pattern of PLES and its driving forces in Tongdao County and
mountainous counties of the same type. The introduction of POI
point data enriched the identification system of the drivers of the
changes in the spatial pattern of PLES, combined with the
GeoDetector effectively identified the importance of each spatial
driver on the changes in the pattern of PLES, and enriched the
research method of the influencing factors of the changes in the
spatial pattern of PLES. The GeoDetector is very effective in
detecting the spatial heterogeneity, as well as revealing the
driving force behind it, but it is difficult to reveal the specific
mechanism and process of the interaction between the
independent variable and the dependent variable in-depth.
Therefore, we incorporate buffer analysis to visualize the mode
of action between variables and assist in understanding the spatial
mechanism of action. However, although POI data can effectively
express geographic information and is representative of various
functions and socio-economic activities of the city, there are still
some shortcomings: firstly, due to the fact that its data are
expressed as point-like entities, it is difficult to completely
express the specific location of the information points of a large
area, which results in the irrational expression of the spatial
characteristics of the region, and it is prone to analytical errors.
Secondly, the large number of POI data and the lack of labeling.
The categorization, comparison, de-duplication of its data and
mining of deeper information on urban development are still
lacking. Therefore, structural equation modeling as well as
regression analysis can be introduced in the future to further
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carry out a systematic and comprehensive exploration of the
driving factors of the changes in the spatial pattern of PLES.

5.2 Conclusion

In this study, based on GIS technology and R language
programming, the land transfer matrix and landscape pattern
index were used to reveal the characteristics of the changes in
the pattern of PLES from 2000 to 2020 in Tongdao County as
the study area, and GeoDetector were utilized to explore the spatial
driving factors for the changes in the pattern of PLES from the
perspective of spatial elements, and the following conclusions were
mainly drawn:

There are distinct variations in the level of the distribution
pattern of PLES in Tongdao County. The ecological space
occupies the main position (about 92.38%). While the weak
ecological space is widely dispersed, the strong ecological space
is primarily ditributed in the Xuefeng and Miaoling Mountains;
the production space accounts for about 7.25%, concentrated in
the central part of the county, and the living space accounts for
only 0.37%, sporadically dispersed in the center of towns and
cities. In the past 20 years, the living space fluctuated and
increased, the production space fluctuated and decreased, the
strong ecological space continued to decrease, and the weak
ecological space continued to increase.

Vertical differentiation in the distribution of PLES in Tongdao
County is remarkable. Taking 600 m above sea level and 8° slope as
the boundary, production space, living space, and weak ecological
space are concentrated in the area below the boundary, and the
strong ecological space is mainly distributed below 600 m above sea
level. During the 20 years, the living and production space tends to
be distributed in areas with relatively low altitudes and gentle slopes,
while the areas with high altitudes are mainly strong ecological space
and weak ecological space.

The distance to the river surface and the distance to rural roads
have a substantial impact on the spatial distribution of PLES in
Tongdao County. The spatial pattern of living and production
space is distributed around the town center and along the traffic
roads, while the ecological space is distributed in the area far away
from the town center and the traffic roads, and the functional
transformation of land use in the past 20 years is mainly
manifested in the erosion of production and ecological space by
the living space, and the encroachment of production space into
the ecological space at the same time. The trend of ecological space
being encroached upon by living space and production space has
increased, reflecting that the development of urbanization and
industrialization is the main reason for the encroachment of
ecological space.

The driving factors of PLES have both individual direct effects
and interactive effects, and pa, especially the distance to the river
surface and the distance to the road have the strongest influence on
the interaction with natural factors.
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