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Studying the gradient differentiation of rural ecological land (REL) from a microscopic
perspective is conducive to the pattern optimization, scientific control, and protection of
REL. This has far-reaching significance for the improvement of village appearance and the
delineation of an ecological safety network. Taking Longxi County as an example, this
research studied the spatial pattern of REL based on the landscape pattern index and
analyzed the multi-dimensional gradient spatial differentiation characteristics of REL.
Therefore, we can clarify the impact of natural and human factors on EL under
different gradients. The results show 1) the rural ecological background conditions of
Longxi County are good, and the area of ecological land (EL) accounts for 90.45% of the
total area of the county; 2) there are significant differences between the spatial feature
index and spatial pattern of REL in Longxi County. Its diversity, dominance, and shape
index were mainly at low and medium levels. The degrees of fragmentation were mainly at
low and high levels; and 3) the REL in Longxi County has different evolution laws in different
gradients.
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1 INTRODUCTION

Ecological land (EL) has ecological functions such as water conservation, soil protection, climate
regulation, environmental purification, and biodiversity protection. As a “barometer” (Yu et al.,
2015) for measuring ecological quality, EL plays an important role in balancing regional and global
ecosystems (Colding, 2007; Feng et al., 2021a), ensuring national land ecological security, coping
with global climate change, and improving the quality of human life (Guan et al., 2018). However,
with the global environmental change and the disturbance of human activities (Song et al., 2015), EL
is facing more serious problems of loss and degradation than ever before (Puskás et al., 2021). These
problems not only destroy the balance of the ecosystem but also have a serious impact on the quality
of life of future generations (Folke et al., 2004). These issues have attracted widespread attention from
academia and governments. To solve this problem, the United Nations has implemented a series of
initiatives such as the 2030 Agenda for Sustainable Development and the Convention on Biological
Diversity [Tóth et al., 2018; UNCCD (United Nations Convention to Combat Desertification), 2017].
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As an important part of ecological space, rural ecological land
(REL) not only provides ecological support for various
production and living activities in rural areas but also plays an
important role in guaranteeing the comprehensive and
sustainable development of the social economy in rural areas
(Yao et al., 2021). The quantity and spatial distribution of REL
will have an important impact on rural livability. REL is used as a
“buffer zone” for slowing down the destruction of EL in the loess
hilly area (Li et al., 2020a). Studying the multi-dimensional
gradient differentiation of EL and its influence mechanism has
far-reaching significance for the pattern optimization, scientific
control and protection of REL, and the maintenance of the
ecosystem in arid areas.

In recent years, the spatial pattern of REL has been affected by
various factors. In the period of low social productivity, it is
mainly affected by the natural environment, such as topography
and climate (Sevenant and Antrop, 2007). Since the 20th century,
with the acceleration of global industrialization, urbanization,
and informatization, both developed and developing countries
have faced significant improvements in rural production and
living standards, increasing land use intensity, and increasing
demand for construction land. Socio-economic factors have
gradually become the main factors affecting the spatial pattern
of EL use (Li et al., 2020b). EL in developed countries such as
Europe and North America is first affected by socio-economic
aspects such as traffic conditions and geographic location
(Gonzalez-Abraham et al., 2007; Peng et al., 2016; Gong et al.,
2018). In China, there is a strong “land grab” phenomenon
between ecological protection and economic development (Fei
et al., 2020), which seriously affects the regional ecological
security and the sustainable development of the rural
ecological environment. How to avoid a series of problems
such as the encroachment of rural ecological space, ecological
destruction, environmental pollution, and disorderly
development of land space has become a practical problem
that needs to be solved urgently today. Therefore, it is of great
significance to study the spatial pattern of EL and analyze the
distribution type, fragmentation degree, concentration, and shape
complexity of REL under different natural geographical
environments and socio-economic backgrounds for guiding
future EL protection and promoting the optimization of REL
use pattern.

In recent years, with the in-depth study of rural land ecosystems
and the concept of EL, the classification system of EL has been
further developed. The classification of EL types from the
perspective of land use/land cover has become a method
recognized by the academic community. Foreign countries pay
more attention to ecological attributes in land use classification and
land use management (Deng et al., 2009). Most of the classification
of EL is carried out according to the natural characteristics and
ecological significance of the land (Frondoni et al., 2011; Qu et al.,
2019), and the classification results of EL are used in various
research. Pickett et al. (2001)applied the EL classification system to
the assessment of environmental conditions. Wassmann et al.
(2011)used it to estimate ecological functions, and Capotorti
et al. (2012)used it to protect regional biodiversity. In 1898, E.
Howard et al. put forward the theory of “garden city,” changing the

structure of urban and suburban land and alleviating the
environmental damage, thereby beginning to study the
ecological landscape pattern (Zube, 1986). Hietala-Koivu (1999)
studied the evolution of agricultural landscape patterns in
southwestern Finland by landscape index analysis. Seppelt and
Voinov (2002) optimized the spatial structure of watershed land
use by constructing an ecological security pattern . L. Pamela used
remote sensing technology and ground observation data to study
the dynamic changes in the ecological landscape (Nngler et al.,
2008). Joppa assessed the effectiveness of nature reserves to protect
species diversity (Joppa and Pfaff, 2011). The research on El by
early Chinese scholars mostly focused on the definition of EL
(Deng et al., 2009; Yu et al., 2015), the identification of EL (Zhou
et al., 2015; Fei et al., 2020; Liu et al., 2021), the construction of the
classification system (Yu et al., 2015), the analysis based on
landscape security pattern (Yu et al., 2009; Li et al., 2011), the
identification and protection of ecological space (Li et al., 2016),
and the relationship between EL and cities (Wang and Li, 2006; Su
et al., 2007). In 2017, after the implementation of China’s “Land
Use Status Classification System” (GB/T 21010–2017), there was a
renewed upsurge in the study of EL. In recent years, the research
focus has mainly been on ecosystem service function and value
assessment (Guan et al., 2018; Qu et al., 2019), pattern change and
differentiation trend (Wei et al., 2021), and protection effectiveness
assessment (Gao et al., 2021). Existing research shows that the
research on EL has gradually evolved from qualitative to
quantitative and specific, and more emphasis has been placed
on the optimization and management of EL patterns.

However, there are still some urgent problems to be solved in
the current research. For example, the research on REL started
late, and the research content mostly focuses on the identification,
classification, and protection of EL. The research areas are mostly
concentrated in typical key ecological function areas and
suburban areas, ignoring the importance of REL as a powerful
reserve for the ecological resource in China. In addition, there is
currently a lack of research on the differentiation characteristics
of the spatial pattern of REL from a gradient perspective. The
existing research on the spatial gradient of land is mainly
analyzed from the perspective of a single gradient such as
topography and economy. With the rapid development of
society and economy and the need to revitalize the world’s
rural areas, the scientific protection and rational utilization of
REL are increasingly important (Li et al., 2020b). This is an
essential foundation for the comprehensive and sustainable
development of rural society and economy and an essential
means to supplement and improve urban functions. Therefore,
there is an urgent need to carry out research on the differential
mechanism of REL and the impact of different gradients on the
spatial distribution of REL.

Longxi County is located in the hilly loess area of Longzhong,
with complex and fragmented topography and a fragile ecological
environment. Ecological space protection and utilization are
crucial in northwest China, considering the significant
differences in topographic conditions, per capita income, and
town development levels in different regions of Longxi County.
Based on the topographical, economic, and administrative
gradient differences of “ecological land-dimensional space,”
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this study comprehensively studied the gradient differences in the
spatial structure of REL from multiple dimensions, thereby
strengthening the comprehensiveness of geographical gradient
research. Themain purpose of this study is to explore the gradient
differentiation characteristics and laws of REL under different
gradients, analyze the impact of different terrains, township
development levels, and economic income on the spatial
differentiation of REL, and explain its impact mechanism. It is
expected to provide a scientific basis for the rational layout,
scientific management and control, optimal protection, and
sustainable utilization of REL in the loess hilly area of
Longzhong. This provides a case reference for the construction
of an ecological safety network in the inland areas of northwest
China and other places.

The topographic, economic, and administrative gradient
differences of “ecological land-dimensional space,” take the
administrative village as the evaluation unit to reveal the REL
structure. The main purpose is to explore the gradient
differentiation characteristics and laws of REL under
different gradients, analyze the impact of different terrains,
township development levels, and economic income on the
spatial differentiation of REL, and explain its impact
mechanism on EL (Li et al., 2020b). It is expected to provide
a scientific basis for the rational layout (Wei et al., 2021),
optimal protection, and intensive utilization of REL in the
hilly loess area of Longzhong, and provide new ideas and
methods for timely adjustment of REL management and
improvement of REL management policies, and provide
technical support for constructing an ecological safety
network in the northwest inland area.

2 STUDY AREAS AND DATA

2.1 Overview of the Study Areas
Longxi County is located in the southeast of Gansu Province,
China, in the middle of Dingxi City (34°50′-35°23′N, 104°18′-
104°54′E), with a total area of 2,408 km2 (Figure 1). The elevation
of Longxi County is between 1, 612–2, 762 m. Since Longxi
County is located between the edge of the northwest Loess
Plateau and the hilly area of the Qinling Mountain and
accompanied by the Wei River flowing from west to east. The
loess hills and valleys are high in the northwest and low in the
southeast. The northern part of Longxi County is in the loess hills
and gully area, the middle part is in the valley plain landform, the
south part is in the middle and low hills, the middle and north
part is in the temperate arid area, and the south part is in the
warm and cold semi-humid area. The geographical environment
has significant spatial differences. Longxi County has a temperate
continental monsoon climate with four seasons, abundant
sunshine, and a mild climate. The average annual temperature
is 8.1°C. The annual sunshine hours are 2, 210 h. The annual
rainfall is 415 mm, and the annual frost-free period is 160 days.

The superior geographical location and suitable natural
environment of Longxi County not only laid a material
foundation for early agricultural production but also provided
an ideal settlement for the ancestors to thrive. Longxi County
governs 12 towns, 5 townships, 213 administrative villages, 11
communities, and 1, 287 villager groups. The total population is
52.48 × 104, of which the agricultural population is 43.3 × 104,
accounting for 82.51% of the total population (Longxi County
Statistical Bulletin 2020). Longxi County has 11.06 × 104 km2 of

FIGURE 1 | Location of Longxi County.

Frontiers in Environmental Science | www.frontiersin.org May 2022 | Volume 10 | Article 9008013

Ma et al. Rural Ecological Land Spatial Pattern

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


arable land, and the per capita arable land is only 0.25 km2

(Longxi County People’s Government, 2020). In recent years,
with the acceleration of urbanization and rapid socio-economic
development, the flow of population, land, and other elements
between urban and rural areas has accelerated, resulting in
significant changes in the quantity and structure of rural EL.
Longxi County is a typical ecologically sensitive area in the inland
northwest China. The fragile ecological environment and unique
loess plateau landforms have created a series of ecological and
environmental problems such as drought and fragmentation of
the surface, ecological severe land loss, and decline in soil quality.
This has a significant impact on the quality of the ecological
environment and the service functions of the ecosystem.
Therefore, it is of great significance to study the spatial
distribution and multi-dimensional gradient differentiation
characteristics of EL in Longxi County for ecological
environment protection and the maintenance of ecosystem
stability in the northwest inland region.

2.2 Data Source
This study took 213 administrative villages outside the built-up
area of Longxi County as the evaluation unit. The data mainly
comes from four aspects: 1) basic map: Longxi County Vector
Administrative Boundary (1: 250,000), from the National
Geomatics Center of China (National Geomatics Center of
China, 2021). 2) DEM data: DEM data was from the
Geospatial Data Cloud. We obtained elevation and slope data
of Longxi County through ArcGIS image correction. 3) Socio-
economic statistics: basic data such as the population and
economic income of 213 administrative villages in Longxi
County were derived from field survey data and the “Statistical
Bulletin of National Economic and Social Development of Longxi
County in 2020” (Longxi County People’s Government, 2020). 4)
Land use data: the land use data of Longxi County comes from the
2020 Longxi County Land Use Change Database. The research
team conducted a 26-day field survey in Longxi County in May,
August, and September 2020. Among them, August-September
was a supplementary survey. The survey area is mainly
distributed in Quanjiawan Town, Tong’anyi Town, Kezhai
Town, Yongji Township, Weiyang Township, and Gongchang
Town. The research team learned about the general situation and
future development trends of the EL of each township by holding
meetings and communicating with the leaders of the township.
We cooperated with the Longxi County Land Planning Project
Department to know the problematic region of the townships’
land rectification and ecological restoration.

In addition, the village profiles, demographic characteristics,
basic information on social security, public service facilities,
infrastructure, economic conditions, population mobility and
employment, industrial conditions, homestead usage, rural
development types, and village development intentions or
existing problems of 213 administrative villages were obtained
through a questionnaire survey. The information related to this
research mainly includes village profile, demographic
characteristics, economic situation, industrial situation, and
type of village development. We collected income data for the
division of county economic gradients. The survey showed that

the ecological background conditions of Longxi County are
relatively good, and the EL area accounts for 90.45% of the
total area of the county. However, there are great differences
in the distribution and utilization of EL in different regions,
closely related to the local terrain, township level, and income.

2.3 Research Methods
2.3.1 The Classification of Rural Ecological Land
At present, the “classification of ecological land” is a hot topic in
academic research and debate. Scholars have different views and
can be roughly classified into two categories. One is to classify
land use types on a national scale and according to different
theoretical systems. The other is to classify land use types on a
local and regional scale and according to specific ecological
functions required. Land use status classification is a widely
used land use classification system. Different EL types have
different ecological functions, and the performance of their
ecological functions will be affected by location, physical
geography, social economy, and other aspects. Analyzing the
gradient differentiation of EL will help the sustainable use of EL
and the construction of livable villages in rural revitalization.

In this study, we referred to Li et al. (2020b) classification of EL
and follow the national standard for land use classification in the
“Land Use Status Classification System” (GB/T 21010–2017)
from the government of China (GB/T 21010-2017, 2017). We
defined seven types of land use with ecological attributes,
including cultivated land, garden land, forest land, grassland,
water area, water conservancy facility land, and other lands, as EL.
We used the spatial extraction tool of ArcGIS 10.4 to extract EL
from the data of the third land use survey in Longxi County in
2020. Since there are few secondary land use types in Longxi
County, we divided the extracted EL cover patches into four
types: cultivated land, forest land, grassland, and water body
(Table 1).

2.3.2 Gradient Division of Rural Ecological Land
REL is not only a process of natural selection (or adaptation) but
also the crystallization of humans’ long-term social and economic
activities, which contains dual attributes of nature and social
economy. The development and transformation of REL run
through the whole process of economic and social
development of the urban-rural regional system. It is a process
of multi-scale, multi-dimensional, multi-level, multi-agent, and
multi-factor evolution and reorganization in the evolution of
rural human—land relationship regional system (Yang and Luo,
2020). The differentiation of geographical space will inevitably
lead to the “gradient” differentiation of nature, society, and
economy. It is the existence of this “gradient” that has led to
the spatial differences of REL in different gradient areas. In this
study, we drew on the previous research on the division of
gradients and chose the most classic gradient division method
from the three aspects of nature, society, and economy that can
mostly affect the spatial layout of REL, that is, from the three
aspects of terrain, township level, and economic income. This is
the most basic and representative perspective to analyze the
gradient differences of EL. The terrain is an important factor
affecting landscape patterns and land use. Terrain gradients
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reflect the spatial differentiation of regional, physical, and
geographical conditions. The township level reflects the
differences in regional and local policies, fiscal revenue,
industrial investment, and social and administrative levels.
This will have an impact on the spatial distribution of EL. The
township gradient is a specific reflection of the township level.
Economic income affects the consumption level, construction
scale, industrial investment, and employment status of a region to
a certain extent, and the economic gradient reflects the spatial
differentiation of regional economic levels.

Based on this, this study analyzes the gradient differences of EL
in natural, social, and economic aspects from the three most basic
and representative perspectives of terrain, township level, and
economic income. The topographic gradient shows the spatial
differentiation of the regional natural geographic conditions
(Pignatti, 1993; Shi et al., 2021). The township gradient shows
the spatial differentiation of regional social administrative levels
(Ma et al., 2021a). The economic gradient shows the spatial
differentiation of regional economic levels (Qu et al., 2017).

2.3.2.1 The Division of Topographic Gradient
The topographic gradient is divided by the topographic position
index (Zhou and Chen, 2013; Gong et al., 2014), which
comprehensively analyzes the elevation and slope attribute
information of any spatial grid. It can integrate the elevation
and slope information to reflect the terrain distribution of a
certain area. Therefore, we used the topographic position index to
quantitatively describe the correlation between the spatial pattern
characteristics of EL use and topographic gradients (Zhou et al.,
2021). The calculation formula is as follows:

T � ln[(E

E0
+ 1)p( S

S0
+ 1)], (1)

where T is the topographic position index; E and E0 are the
elevations and average elevation of any grid in the space,
respectively; S and S0 are the slope and the average slope of
any grid in the space, respectively. Generally, a grid with a low
elevation and a small slope has a small topographic position
index. On the contrary, the larger the topographic position index
is, the position with a higher elevation but a small slope or a small
elevation with a higher slope will have a middle topographic
position index (Xu et al., 2020).

2.3.2.2 The Division of Township Gradient
The township gradient dominated the differences in local policies,
fiscal economy, and industrial investment. It dramatically impacts

rural ecological land’s spatial layout, protection, and use. According to
the “Longxi County Urban Overall Planning (2011–2030)”, the
“Longxi County Urban and Rural Overall Planning (2015–2030)”,
and the “Notice of the Ministry of Housing and Urban-Rural
Development on Announcement of the List of National Key
Towns” issued by the Ministry of Housing and Urban-Rural
Development of the People’s Republic of China in 2014 (Ministry
of Housing andUrban-Rural Development of the People’s Republic of
China, 2014), we divided the 17 townships in Longxi County into
three gradients: key towns, central towns, and general towns. The key
towns include Gongchang Town, Wenfeng Town, and Shouyang
Town, located in the Weihe River Valley. The central towns include
Caizi Town and Tonganyi Town, located at the north and south ends
of Longxi County.General towns includeYuntianTown,MaheTown,
Fuxing Town, Biyan Town, Heping Township, Weiyang Township,
Quanjiawan Township, Hongwei Township, Shuangquan Township,
Kezhai Township, Dexing Township, and Yongji Township.

2.3.2.3 The Division of Economic Gradient
The economic gradient reflects the differences in the financial
economy, industrial input, and consumption levels to some
extent (错误!未定义书签。), which in turn affects the number of
types, fragmentation, concentration, and complex shapes of REL
patches. Referring to relevant research, we took the per capita
GDP of each administrative region as the basis for dividing the
economic gradient (Qiao and Li, 2008; Liu et al., 2010). Due to the
limited availability of data, we took the per capita annual net
income of farmers in each administrative village in Longxi
County in 2020 as an indicator to measure the rural economic
gradient based on raster data and statistical survey data.

2.3.3 Spatial Pattern of Rural Ecological Land
The quantity, shape, size, quality, and spatial structure of REL
play critical roles in regulating the village’s functional structure,
ecological balance, suitability of life, and local climate (Zhou and
Guo, 2003). In this study, diversity index, fragmentation index,
dominance index, and shape index are selected to analyze the
spatial differentiation characteristics of EL (Figure 2). At the
same time, the hot and cold spot analysis method is used to
analyze the clustering areas of similar values of different spatial
characteristic indices.

2.3.3.1 Spatial Characteristic Index of Ecological Land
2.3.3.1.1 Diversity Index.Using the Gibbs-Martin diversity index
(Zhang et al., 2018) to analyze the spatial diversity of EL, the
formula is

TABLE 1 | Classification and definition of EL types.

Type Content Definition

Cultivated
land

Dryland, irrigated land The land where crops (including vegetables) are grown

Woodland Shrubland, other woodlands, arbor woodland, orchard Land for woody plants such as natural forests, secondary forests, artificial
forests, shrubs, and fruit trees in the village

Grassland Artificial pasture, natural pasture, other grasslands Herbaceous land
Waterbody Reservoir water surface, river water surface, pond water surface, inland tidal

flats, main canals, gully, breeding ponds
Land waters, beaches, gully, swamps, and other waters that cover the land
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GMi � 1 − ∑4
j�1A

2
ij

(∑4
j�1Aij)2 (i � 1, 2, . . . , n; j � 1, 2, 3, 4), (2)

whereGMi is the diversity index of the ecological space land use type
of the ith village. Aij is the area of the jth EL in the ith village. The value
range of GMi is 0–1. The higher the value ofGMi, the higher the
degree of diversity. WhenGMi � 0, there is only one land use type.

2.3.3.1.2 Fragmentation Iindex. The fragmentation index (Chen
and Fu, 1996) is often interpreted as the fragmentation degree of
the landscape segmentation in landscape ecology. In this study,
the total number of EL patches per unit area is used to reflect the
fragmentation degree of REL patches. The formula is as follows:

C � ∑Ni

A
, (3)

where C is the fragmentation degree of EL.∑Ni is the total number
of pitches of all EL types in the ith village. A is the total area of REL.
The higher the C value, the greater the degree of fragmentation.

2.3.3.1.3 Dominance Index. The dominance index (Zhou and
Guo, 2003) is the degree of centralization of the dominant land
use in REL. The formula is

D � Hmax +∑m

i�1Pijp ln(Pij), (4)
where D is the ecological dominance degree. Pij is the proportion
of the area occupied by the jth type of EL in the ith village.m is the
total number of EL types;Hmax � lnm.

2.3.3.1.4 Shape Index. The landscape shape index (Chen et al.,
2017; Li et al., 2021) is often used to reflect the regularity of
patches. We calculated the degree of deviation between the shape
of REL and the circle (square) of the same area to show the
complexity of the spatial form of REL. The formula is

LSI � e

4
��
a

√ , (5)

where LSI is the landscape shape index. e is the perimeter of the
EL patch. a is the area of the EL patch. The greater the LSI value,
the more complicated the shape and the more irregular the
distribution of EL patches.

2.3.3.2 Analysis of Hot and Cold Spots
The hot spot method was used to identify the spatial distribution
position of the similar value aggregation area of the EL spatial
characteristic index in Longxi County to make up for the lack of the
global spatial autocorrelation andArcGIS natural breakpointmethod in
the analysis of the spatial distribution relationship characteristics.

3 RESULT ANALYSIS

3.1 Overall Characteristics of Rural
Ecological Land
In 2020, the total area of REL in Longxi County will be
2,177.24 km2, accounting for 90.45% of the total area. Among

them, the cultivated land area is the largest, reaching
1,497.62 km2, accounting for 68.79% of the REL. The
grassland area is 363.24 km2, accounting for 16.68% of the
REL. The woodland area is 309.61 km2, accounting for 14.22%
of the REL. The water body area is the smallest, 6.76 km2, only
accounting for 0.31% of the REL. The EL in Longxi County is
mainly cultivated land and forest land. The cultivated land is
evenly distributed in the county area (except the central urban
area). The forest, grassland, and water bodies are mostly
distributed along the Weihe River and in the valley.

In the township distribution of REL, there are significant
differences in the distribution of different EL types in each
township (Figure 3). Cultivated land is the EL type that
accounts for the largest proportion of each township. The
cultivated land of Wenfeng Town, Caizi Town, and Tonganyi
Town accounted for more than 40% cultivated land of the county.
The cultivated land of Gongchang Town, where the county
government is located, accounts for a relatively small
proportion of the county’s cultivated land, accounting for only
4.14%. The proportion of forest land is second, Tong’anyi Town’s
forest land accounts for the highest proportion of the county’s
forest land, accounting for 10.23%, and Shuangquan Town’s
forest land accounts for the lowest proportion of the county’s
forest land, only 2.74%. The proportion of grassland is relatively
low. The proportion of grassland in Fuxing Town is the highest in
the county, accounting for 17.81%. The proportion of grassland
in Biyan Town is the lowest, only 1.54%. The proportion of water
bodies in the county is the smallest. The water body in Tong’anyi
Town accounts for the most significant proportion of water
bodies in the county, accounting for 16.57%. The water bodies
of Shouyang Town and Wenfeng Town along the Weihe River
account for the following highest proportion of the county’s water
body, accounting for 15.09% and 14.94%, respectively. In general,
Tong’anyi Town takes significant advantages in cultivated land
and forest land. Grassland and water resources are poor. Fuxing
Town has the largest grassland area. Water bodies are less
distributed in the county.

3.2 Spatial Characteristics of Rural
Ecological Land
3.2.1 Spatial Pattern Characteristics of Rural
Ecological Land
We calculated the diversity index, fragmentation index,
dominance index, and shape index of REL in 213
administrative villages and divided them into five categories,
lowest, low, medium, high, and highest through the natural
breakpoint method in ArcGIS. (Figure 4).

The REL diversity index is between 0.33–0.96 (Figure 4A),
with an average value of 0.57. The REL diversity indexes of 97
administrative villages are greater than the average value,
accounting for 45.54% of the total administrative villages. The
diversity of REL is mainly low and medium, including 54 and 67
administrative villages, accounting for 25.35 and 31.46% of the
total administrative villages, respectively. Only 15 administrative
villages have the highest diversity index, accounting for 7.04% of
the total administrative villages. This shows that there are fewer
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FIGURE 2 | The research framework of REL.

FIGURE 3 | Spatial distribution map of REL.

FIGURE 4 | landscape index distribution map of REL.
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types of EL in the administrative villages of Longxi County, and
the degree of diversity is low. The areas with high and highest
values of diversity index are mainly distributed in the south of the
Weihe River. The lowest value areas are mainly distributed along
theWeihe River and the arid mountainous areas in the north. The
low and median areas show a continuous staggered distribution.
The central region belongs to the valley terrain, with a high
density of population settlements and more diverse types of EL
use. Therefore, the high-value area of the diversity index is mainly
distributed in the central region.

The REL fragmentation index is between 3.00 and 382.01
(Figure 4B), with an average value of 72.15. There are 101
administrative villages with a REL fragmentation index greater
than the average value, accounting for 43.72% of the total
administrative villages. The fragmentation degree of REL is
mainly low and high, including 67 and 60 administrative
villages, accounting for 31.46 and 28.17% of the total number
of administrative villages, respectively. The number of
administrative villages with the highest value is relatively
small, only 11, accounting for 5.16% of the total number of
administrative villages. There are significant differences in the
spatial distribution of REL fragmentation, showing an outward
expansion centered on the seat of the county government. The
county seat and the east of G30 Lianhuo Expressway are mainly
high level, with a relatively high degree of fragmentation. The
northwest of the county to the west of the G30 Lianhuo
Expressway and the northwest of the Weihe River is
dominated by low values, and the degree of fragmentation is
relatively low. The inlet of the Weihe River is dominated by the
lowest value, and the south is dominated by medium value. The
central area is a river valley with a good ecological environment,
and the western area is less disturbed by traffic. Therefore, the
fragmentation index of EL in the central and western areas is
relatively low.

The REL dominance index is between 0.28 and 1.27
(Figure 4C), with an average of 0.62. The dominance index of
REL for 100 administrative villages is greater than the average
value, accounting for 46.95% of the total administrative villages.
The dominance index of REL for 126 administrative villages is
mainly low and medium value, accounting for 59.15% of the total
number of administrative villages. The highest value is only 12,
accounting for 5.63% of the total number of administrative
villages. The dominance index of the central river valleys and
the southern hills andmountains is high. The dominance index of
the northern mountainous areas is mainly at the lowest and
middle levels. This indicates that the concentration of REL in the
central and southern regions is greater than that in the northern
mountains. The central part is the river valley, the terrain is
relatively flat, and the utilization rate of EL is high.

The REL shape index is between 0.36 and 793.25 (Figure 4D),
with an average value of 261.92. The shape indexes of REL of 93
administrative villages are greater than the average value,
accounting for 43.66% of the total administrative villages. The
shape index of REL is mainly of low and medium value, including
63 and 68 administrative villages, accounting for 29.58 and
31.92% of the total number of administrative villages,
respectively. There are only 36 administrative villages at a high

level, accounting for 16.90% of the total number of administrative
villages. The shape indexes of most of the northern and central
regions are significantly greater than that of the southern region.
The highest value areas are mainly concentrated in Dexing
Township, Fuxing Town, Tonganyi Town, Quanjiawan Town,
and Caizi Town. This indicates that the spatial shape of EL
patches in the northern and central regions is complex. The
northern and central regions belong to the loess hilly and gully
region, and the shape of the EL with the ravines vertical and
horizontal is more complex and diverse than the topography of
the southern river valleys. The northern and central areas belong
to the loess hilly and gully area, with the vertical and horizontal
gully. The shape of EL is more complex and diverse than that of
the southern river valley.

3.2.2 Analysis of Hot (Cold) Spots of Rural Ecological
Land
We further analyzed hot spots and cold spots in different spaces
of REL through the spatial hot spot detection method. In
addition, we tested whether there are statistically significant
higher- and lower-value areas. The red area in Figure 5 is the
hot spot area, which represents the high-value clusters of the REL
diversity index, fragmentation index, dominance index, and
shape index. The blue area is cold spots, representing the
lower-value areas of the REL diversity index, fragmentation
index, dominance index, and shape index. The hot spots and
cold spots of different characteristics of REL have significant
regional differentiation. The diversity index showed a “hot spot”
area in Shouyang Town and Biyan Town at the entrance of the
Weihe River, and the “cold spot” area was scattered. On the
contrary, the fragmentation index has formed a larger cold spot in
Kezhai Town, Shouyang Town, Biyan Town, and Shuangquan
Town, where the Wei River flows. Some towns in the north and
east of the county have formed four small hot spots. The
distribution of hot spots and cold spots in the dominance
index is similar to the diversity index, and the area has
increased. The shape index forms a large-scale of hot spots in
Dexing Township, Fuxing Town, Yuntian Town, Quanjiawan
Town, and Tonganyi Town in the central part of the county. Two
larger cold spots are formed in Shouyang Town, Biyan Town,
Wenfeng Town, and the periphery of the county where the Wei
River flows.

3.3 Multi-Dimensional Gradient
Differentiation of Rural Ecological Land
3.3.1 Topographic Gradient Differentiation of Rural
Ecological Land
The spatial pattern index of rural ecological land use in different
topographic gradients is quite different (Figure 6). As the
topographic gradient rises, the diversity index and dominance
index first decrease and then increase, and the fragmentation
index and shape index constantly increase. The average values of
the diversity index in low, medium, and high topographic
gradients are 0.66, 0.55, and 0.56, respectively. The average
values of the fragmentation index are 78.04, 79.73, and 61.23,
respectively. The average values of the dominance index are 0.76,
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0.59, and 0.62, respectively. The average values of the shape index
are 108.67, 260.04, and 309.27, respectively. In the lower-value
area of the topographic gradient, the diversity index,
fragmentation index, and dominance index fluctuate more
significantly with the increase of the topographic level index.
In addition, the fluctuation range is large, and the shape index
shows a steady rise. The fluctuation trends of the diversity index
and the dominance index are similar, and the fragmentation
index is the opposite—the greater the diversity index and
dominance index, the smaller the fragmentation index. In
addition, when the topographic index is between 41 and 50,
the diversity and dominance indexes show a sharply downward
trend. The shape index and fragmentation index increase slowly.
In the median area of the topographic gradient, the diversity
index, fragmentation index, and dominance index show a slow
rise in fluctuation with the increase of the topographic level index,
but it was not significant. The shape index increases rapidly when
the topographic position index is between 81 and 130 and then
decreases. The fluctuation trends of the diversity index and the
dominance index are also similar, and the fragmentation index is
the opposite. In the higher-value area of the topographic gradient,
the diversity index, fragmentation index, dominance index, and
shape index generally show a trend of fluctuation and decline as
the topographic level index increases. The diversity index and
dominance index increased slightly when the topographic index
was between 133 and 150 as well as 171–190 and then decreased
rapidly.

3.3.2 Township Gradient Differences in Rural
Ecological Land
The spatial differentiation characteristics of REL differ significantly
in different township gradients (Figure 7). As the township level
rises, the diversity index and dominance index increase accordingly.
The fragmentation index and shape index present a normal
distribution, which is relatively high in the central town. The
average values of the diversity index in the general town, central
town, and key town are 0.55, 0.56, and 0.60, respectively. The
average values of the fragmentation index in them are 72.42, 88.69,
and 64.65, respectively. The average values of the dominance index
in them are 0.59, 0.61, and 0.68, respectively. The average values of
the shape index in them are 308.79, 348.59, and 140.64, respectively.

For the general town, the diversity index, fragmentation index, and
dominance index show regular fluctuations as the distance from the
township government increases. Both the diversity index and the
dominance index decrease first and then increase, while the change
of the fragmentation index is just the opposite. The shape index
shows a steady rise. At a distance of 6–7 km, the diversity index,
fragmentation index, dominance index, and shape index all show
an increasing trend. In the central town, the diversity index and
dominance index show a clear upward trend with increasing
distance from the township government. However, the law of
change is opposite to that of general town, all of which increase
rapidly and then decrease. The change in the fragmentation index is
the opposite. The shape index is still showing a steady upward
trend. Taking 3–4 km as the boundary, the fluctuation range of the
diversity index, fragmentation index, and dominance index show a
trend of “large first and then small.” The growth rate of the shape
index starts to slow down at 4–5 km. In the key town, the diversity
index and dominance index show a significant fluctuation and
decreasing trend as the distance from the township government
increases. The fragmentation index and shape index show an
increasing trend, and the shape index increases significantly.

3.3.3 Economic Gradient Differences in Rural
Ecological Land
The spatial pattern index of REL under different economic
gradients is quite different (Figure 8). Overall, as the
economic gradient increases, the diversity index and
dominance index show a slow increase in the average value
of the index. The fragmentation index and shape index show a
trend of rapid decline at first and then gradually flattening. The
average values of the diversity index in low, medium, and high
economic gradients are 0.54, 0.56, and 0.59, respectively. The
average values of the fragmentation index in them are 79.15,
73.09, and 63.18, respectively. The average values of the
dominance index in them are 0.59, 0.61, and 0.66,
respectively. The average values of the shape index in them
are 307.26, 290.02, and 180.20, respectively. On low economic
gradients, although the four types of indexes fluctuate, their
amplitudes are relatively small. The diversity index and
dominance index rose slowly, while the fragmentation index
and shape index declined slowly. In the middle economic

FIGURE 5 | analysis of hot spots and cold spots of the landscape index of REL.
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gradient, the fluctuation range of the four types of indexes
increased significantly. The turning point is when the per
capita annual net income of farmers reaches 7,000–7,500
yuan. The diversity index and dominance index showed a
trend of first decreasing and then increasing. The
fragmentation index and shape index showed a trend of first
increasing and then decreasing. With respect to high economic
gradients, the four types of indexes have smaller fluctuations
amplitude than the medium economic gradients, and the
fluctuation trend is the same as that of the low economic
gradients. The diversity index and dominance index
maintained a relatively high level of fluctuation. At the same
time, the fragmentation index and the shape index are the

opposite. In general, with the increase of the economic
gradient, the types of EL used for human development and
utilization are more abundant, and the shape of EL is more
regular and orderly. Therefore, the diversity index and shape
index generally show an increasing trend. In low economic
gradient areas, EL is less affected by external factors, and the
spatial characteristics do not change significantly. When the
economic gradient reaches a certain level, the fragmentation of
EL gradually decreases under certain development and
planning. However, the dominant type is weakened.
However, when developed to a certain extent, the drawbacks
of ecological land development and utilization gradually
appeared because of the instability of the rural economy. The

FIGURE 6 | Topographic gradient differentiation map of the landscape index of REL.

Frontiers in Environmental Science | www.frontiersin.org May 2022 | Volume 10 | Article 90080110

Ma et al. Rural Ecological Land Spatial Pattern

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


degree of fragmentation and concentration increased and
stabilized.

4 DISCUSSION

4.1 Gradient Differentiation Mechanism of
Rural Ecological Land
With the industrialization and urbanization of China, the
spatial distribution of rural land use has undergone
tremendous changes and reconstruction. Accurately
grasping the spatial differentiation characteristics of EL in
different dimensions is the key to ecological, environmental
protection, and the base of governance and optimization of
land space (Han et al., 2021). The spatial distribution of REL

results from the combined effects of multiple factors. It is
closely related to the geographical topography, climatic
conditions, economic development level, customs, culture,
policy control, and other factors (Li et al., 2020b). It has a
vital impact on all aspects of the rural ecosystem. Topography
is the fundamental driving factor that affects the structure of
REL, which will impact the type, scale, and form of the land.
The location of towns and their resource endowments
determines the rank of towns, and it is an accelerating
factor for changes in the structure of REL. Different levels
of cities and towns have different effects on REL. As a driving
factor of the internal rural land use structure, the level of rural
economic development is closely related to the rural industrial
structure and land use types. There is a complex interaction
mechanism between the two.

FIGURE 7 | Township gradient differentiation of the landscape index of REL.
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(1) The EL characteristic index varies significantly by changing
the topographic gradient level. With the rise of the
topographic gradient, the diversity index and
fragmentation index of EL decreased overall, while the
dominance index and shape complexity increased
significantly. In the river valley areas with little difference
in altitude and slope, and a small topographic index, there are
no prominent regular characteristics in the type of REL, the
degree of fragmentation of patches, the degree of land
concentration, and the complexity of spatial forms. Its
spatial difference depends more on its location and the
concentration of human activities. In hilly and
mountainous areas where the altitude and slope have
increased to a certain extent, and the topographic index is
relatively large, the types of REL have increased

significantly—the degree of fragmentation of patches and
the degree of centralization of land use increase accordingly.
The complexity of the spatial form has also significantly
increased. In mountainous areas with high altitudes and
slopes and greater topographic index, the topography
conditions become relatively complex. The availability of
REL has been significantly reduced. The type of land used
tends to be single, mostly grassland and woodland, and the
patches are well concentrated and contiguous, and the plots
are relatively regular.

(2) The EL characteristic index varies significantly by the
changes in the township gradient level. With the rise of
the township gradient, ecological land’s diversity index
and dominance index generally increased, while the
fragmentation and shape complexity first increased and

FIGURE 8 | Economic gradient differentiation of the landscape index of REL.
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then decreased. Due to various factors such as poor soil and a
backward economy, the overall geographical environment of
general towns is poor. Except for the government seat, most
are located in mountainous and hilly areas as the distance
from the township government increases, the type of REL,
the degree of fragmentation of patches, the degree of
concentration of land use, and the degree of complexity of
spatial form have no significant change characteristics (Ma
et al., 2021a). The overall change range is small, and the
influence of the township government is not significant. The
township government significantly affects the EL within 3 km
outside the central town. The topography in this area is
relatively flat, the cultivated land is relatively concentrated,
and the degree of concentration is good. As the distance from
the township government increases, the types of REL tend to
be diversified. However, due to the division of rivers, roads,
settlements, and other elements, the land is relatively
irregular, and the impact of the township government is
not significant beyond 3 km of EL. The key towns are mainly
distributed in the river valley areas along the Weihe River.
Gongchang Town, Wenfeng Town, and Shouyang Town are
arranged along the river, and the layout of EL is greatly
affected by the river. The types of EL within 1 km of the
periphery of the river are relatively diverse, and the degree of
concentration is good. The land patches are concentrated and
contiguous, and the degree of fragmentation is low and
relatively regular. As the distance from the township
government station and the river increases, the types of
REL, the degree of centralization of patches were
significantly reduced, the degree of fragmentation of
patches was increased, and the degree of shape complexity
was significantly enhanced.

(3) The EL characteristic index of Longxi County varies greatly
due to the changes in economic gradient levels. With the rise
of the economic gradient, the diversity index and dominance
index of EL generally increased, and the fragmentation and
shape complexity showed a downward trend. Villages with
low economic gradients are mostly located in mountainous
areas, strongly restricted by topography, with poor
agricultural production conditions and fragile ecological
environments. In addition, they are far away from urban
areas and townships, making industrial development
difficult, and the number of migrant workers is enormous.
The type of land used tends to be single and fragmented. The
degree of fragmentation is small, and the patches are
relatively regular. The distribution of villages in the
middle economic gradient is relatively concentrated,
mostly located in hilly areas, with relatively good
agricultural production conditions, and are4 close to
towns and villages. The types of EL have increased
significantly. The land used for agriculture, forestry, water,
and the grass is staggered, and the patches of EL tend to be
fragmented, centralized, and complex in shape. Most of the
villages in the high economic gradient area are located along
the Weihe River and the main roads, which are close to the
urban area and township area, and the transportation is
convenient. The more diverse the use types of EL, the

higher the concentration of the dominant EL, and the
simpler the shape accordingly.

4.2 Suggestions on the Guarantee Policy of
Rural Ecological Land
REL directly provides the ecological service guarantee for various
production and living activities in rural areas. It is an essential
ecological source for absorbing urban life pollution and industrial
pollution (Fei et al., 2020). Therefore, scientifically protecting and
making good use of REL is an essential foundation for the overall
sustainable development of rural society and economy and an
essential means to supplement and improve urban functions
(Zhou et al., 2016; An, 2018). REL should be classified,
optimized, protected, and used based on full consideration of
its topographic gradient, township gradient, and economic
gradient. First, correctly handle the relationship between man
and nature, the relationship between production and ecology, and
the relationship between ecology and people’s livelihood,
scientifically plan the spatial layout of bare, auxiliary, and
preservation EL and non-ecological land, and combine the
gradient differences of EL in each village. Formulate EL layout
and ecological protection goals in different regions, effectively
protect the ecological environment and ecological space on which
human beings depend, and promote sustainable economic and
social development (Qiu et al., 2022). Second, it is necessary to
build a county-level ecological security pattern, optimize the
county-level grain production and land use pattern, and
coordinate the contradiction between regional product
development and ecological protection. At the same time, it is
actively carrying out the consolidation of agricultural land,
tapping the potential of unused land, cultivating or restoring
green according to local conditions, increasing the rural
ecological space, and improving the rural living environment
(Gao, 2017; Yang et al., 2017). Finally, from the perspective of the
gradient heterogeneity of EL, we insist on implementing policies
based on local conditions and implementing differentiated REL
optimization and protection paths (Zhang and Ren, 2016; Zhao
et al., 2020).

4.3 Prospects for the Future Research on
Rural Ecological Land
REL is an important part of territorial space, and it is of great
significance for maintaining regional ecological balance and
promoting sustainable urban–rural relations. At present, REL
has become a hot field of academic research. Existing studies have
analyzed the changes and differentiation trends of EL patterns on
a long-term scale. Also, they have studied the effectiveness of
different ecological spaces on a time scale. Based on the gradient
of “important ecological space-surrounding area space,” the
gradient difference of the protection effect is analyzed. It is
concluded that the protective effect of EL in important
ecological spaces is better than that of surrounding external
areas (Gao et al., 2021). With the development of
urbanization, the relationship between urban and rural areas
has entered a critical period of strategic transformation. The
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development and evolution of regional humanities, nature,
society, and other factors will inevitably drive the evolution of
the spatial pattern of REL. However, at present, there are few
studies on the spatial differentiation and impact mechanism of
REL under different gradients from the multi-dimensional
gradient of nature, society, and economy. Therefore, this study
used the landscape index to explore the differentiation
characteristics of the spatial pattern of REL in different
dimensions. This not only reflects the spatial pattern
characteristics of REL but also reveals the differentiation law
of REL under multi-dimensional gradient. This study is of great
scientific significance for the adjustment of rural land use
structure, the promotion of urban–rural integration
construction, the delimitation of regional ecological protection
red line (Guan et al., 2018), and the improvement of the
ecosystem service function. However, due to the availability of
data and the constraints of research perspectives, this study has
many uncertainties and limitations. First, according to the
traditional land use classification system, this study classifies
EL into four categories: woodland, grassland, water body, and
cultivated land, without considering the ecological attributes and
ecological functions of each land use (Li et al., 2020b). Second,
this study attempts to study the spatial differentiation
characteristics of REL from a multi-dimensional gradient. This
study considers the impacts and differences of multiple factors
such as topographical conditions, township development level,
and socio-economic conditions on the spatial distribution of REL.
However, the interaction of multiple factors on the spatial
distribution of EL is not considered (Feng et al., 2021b). In
addition, the spatial distribution of REL under different
gradients obtained in this study does not mean that the
distribution of REL in other areas follows this result. Research
on EL in different regions should consider its regional
characteristics, local conditions, and socio-economic situations
(Ma et al., 2021a).

Ecological civilization has become a national strategy for the
construction of a socialist society with Chinese characteristics (Fei
et al., 2020). The new situation requires us to accurately identify
the spatial differentiation characteristics of REL so as to optimize
the reconstruction of rural ecological space, improve the scientific
control of rural ecological space, and promote the construction of
an ecological safety network (Long et al., 2015; Wen et al., 2017).
In the follow-up EL research, we will strengthen the planning and
control strategy analysis of EL and the evaluation and analysis of
the implementation of institutional mechanisms so that the
research results of EL will help to play better a guiding role
(Chen et al., 2008; Qi et al., 2016).

5 CONCLUSION

The number of REL in Longxi County is relatively large, and the
spatial pattern is significantly different. The area of EL accounts
for 90.45% of the county’s total area. It has an excellent ecological
background and is dominated by cultivated land, accounting for
68.79% of the REL. Grassland is second, accounting for 16.68% of
REL. The area of water bodies is the least, accounting for only

0.31% of the REL. EL is one of the important types of land use.
Accurately grasping the spatial distribution and scale of different
types of EL is of great significance for accurately protecting EL
and using EL according to local conditions. In the future, Longxi
County should focus on protecting the main ecological resource
of Cultivated land while taking into account the protection of
grassland, forest land, and water bodies.

Second, the spatial characteristic index and spatial pattern of
REL in Longxi County are significantly different. The diversity,
dominance, and shape index are mainly at low and medium
levels, while the fragmentation degree is mainly at low and high
levels. In the protection and utilization of EL, we should increase
the protection of different types of EL and improve the
effectiveness of protection measures according to the spatial
characteristics of different types of EL.

The diversity, dominance, fragmentation, and shape index
gradients of REL in Longxi County were significantly different.
With the increase of the topographic position index, the types of
REL increased significantly, the fragmentation degree of patches
and the degree of concentration of land use increased, and the
complexity of the spatial form also increased significantly. After
the local topographic position index reaches a certain level, the
availability of REL is significantly reduced. The type of land use
tends to be single, the concentration of patches is poor, and the
shape of the plot is relatively complex. In addition, REL is also
affected by the township level. The higher the level, the more
significant the impact, but smaller the impact range. REL of the
general township is not significantly affected by the township
government, but the township government within 3 km outside
the central town is affected significantly. Within 1 km of the key
township are significantly affected by the township government.
The impact of the economic gradient on REL is closely related to
the geographical environment where the village is located. With
the rise of the economic gradient, the geographical environment
becomes better, the types of land use gradually increase, and the
degree of concentration increases, but the fragmentation and
morphology show the trend of rising and then falling. Under the
division of different gradients, the characteristic indices of EL
have different evolution laws. Studying the spatial
characteristics of EL from multiple dimensions is conducive
to a comprehensive understanding of the internal trends and
mechanisms of EL distribution and plays a vital role in national
land spatial planning and national land ecological security
protection. The protection of REL in Longxi County should
fully consider the topography, townships, and economic
gradients where it is located, integrate the spatial
differentiation characteristics of the diversity, fragmentation,
dominance, and shape indexes, and take protection measures
according to local conditions. From the aspects of formulating
ecological protection goals in different regions, constructing
county ecological security patterns, and coordinating the
contradiction between regional product development and
ecological protection, it proposes differentiated paths for REL
optimization and protection to optimize the spatial
development pattern of the country and promote the
construction of a rural living environment that is livable and
suitable for business.
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