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Abstract: Taking China’s Qilian Mountains Nature Reserve as an example, entropy, hierarchical
analysis and spatial autocorrelation analysis methods were combined with geographically and tem-
porally weighted regression to construct an evaluation index system of a rural habitat environment.
The spatiotemporal characteristics of the evolution of the rural habitat environment in the Qilian
Mountains Nature Reserve from 2000 to 2020 were revealed, and the spatiotemporal heterogeneity
of factors affecting the evolution of the rural habitat environment in the Qilian Mountains were
analyzed. The results show that during the research period, the rural habitat environment of the
Qilian Mountains Nature Reserve obviously improved. The advantaged areas, such as Liangzhou
and Shandan, are located mainly on flat terrain, with perfect supporting resources and convenient
transportation. The disadvantaged areas, such as Qilian and Menyuan, are concentrated in the
mountainous areas with poor natural conditions and inconvenient transportation. The rural habitat
in the Qilian Mountains Nature Reserve shows an obvious positive spatial correlation, and areas with
similar habitat are adjacent to each other. From 2000 to 2015, the high–high agglomeration area was
located in Liangzhou, and the low–low agglomeration area was located in Menyuan. The rural habi-
tat environment in the Qilian Mountains Nature Reserve is influenced by the average temperature,
investment in fixed assets, the proportion of secondary and tertiary industries, PM2.5 concentration
and CO2 emissions. The influence of various factors on the rural habitat showed obvious spatial and
temporal heterogeneity. In rural revitalization, it is necessary to allocate resources to local conditions
to promote the continuous improvement of the rural habitat environment in nature reserves.

Keywords: nature reserve; rural habitat environment; influencing factors; spatial and temporal
heterogeneity; geographically and temporally weighted regression

1. Introduction

The rural area is a region with natural, social and economic characteristics. It is
mutually reinforced with towns and cities, and these constitute the main space for human
activities [1,2]. After a long period of evolution, a rural system of human settlement has
come to integrate the natural, economic, social and human environment, including rural
infrastructure, social services and ecological environment. The rural living environment
was an important indicator of the quality of life of rural residents, and an important basis
for the harmonious and stable development of rural areas.

In recent years, the Chinese government has attached great importance to the improve-
ment of the rural habitat, issuing “The Guidance on Improving Rural Habitat Environment”
(2014), “The Three-Year Action Plan for Rural Habitat Environment Improvement” (2018)
and “The Essentials of Rural Habitat Environment Improvement Work” (2020). The Strate-
gic Plan for Rural Revitalization, issued by the State Council in 2018, made “building
ecologically pleasant and beautiful villages” a separate and important chapter, pushing
rural habitat management to an unprecedented level.
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In 2021, China proposed the “Five-Year Action to Improve Rural Habitat Environ-
ment” to construct the rural habitat environment and promote a national strategy for
rural revitalization. By clarifying the real condition of China’s rural habitat environment,
elucidating the regional differences and evolutionary characteristics of the rural habitat
environment in different regions, and deconstructing the influencing factors, it is possible
to suggest remedies.

Rural habitat was an organic combination of material and immaterial required for rural
farm households to produce and live [3], and it was an important component of habitat
science. There is relatively little literature on rural habitat environment measurement and
driver exploration, mainly based on the habitat environment theory established by Doxiadis,
to study the change patterns of rural settlements in terms of location, landscape pattern and
land use [4–6]. The study analyzed the spatial differences and evolutionary mechanisms
of the rural habitat environment triggered by migration under reverse urbanization [7]
and analyzed the role mechanisms of rural habitat environment planning, participation
in remediation and sustainable development [8,9]. With the gradual emergence of urban–
rural development imbalance and rural environmental pollution, scholars are paying
more attention to the issue of the rural habitat. In terms of the construction of the index
assessment system, scholars initially constructed an evaluation index system related to
the rural habitat environment [10,11]. The Delphi method [12] and principal component
analysis [13] were used to assign weights to the indicators. The former is subjective and
focuses on highlighting key indicators, while the latter is objective, but may miss important
variables. In order to compensate for the shortcomings of the above single methods, an
increasing number of scholars tend to combine subjective and objective methods to ensure
the scientific nature of the evaluation index system [14]. For a comprehensive evaluation,
fuzzy comprehensive evaluation, the weighted summation method and the comprehensive
index method are commonly used [15,16].

Most of the research paradigms on rural habitat issues are based on two major frame-
works: one is the study of the natural suitability of rural habitat based on the perspective
of rural tribes; the other is the study of the natural suitability of rural habitats based on
the perspective of rural tribes. The analysis focuses on the dominant factors affecting
the natural suitability level of the rural habitat, such as hydrological conditions, climatic
conditions, topographic conditions and natural disasters [17–19]. The study reveals the
natural evolutionary pattern of the rural habitat level. This research paradigm mainly takes
the form of questionnaires to obtain relevant information [20]. In recent years, with the con-
tinuous maturation of GIS technology, some scholars have also adopted a comprehensive
evaluation of the natural evolution of rural habitat levels based on GIS raster data [21]. The
second is the comprehensive evaluation study of the rural habitat environment based on
the perspective of provincial, urban and county levels. The purpose of this study is to grasp
the spatial improvement and evolutionary trends of the rural habitat environment at the
regional level, and it mostly uses statistical databases and various tracking survey reports
for analysis. The main content is a comparison of the spatial and temporal evolution and
divergence patterns of the regional rural habitat environment in a spatial and temporal
dimension [22].

However, in terms of the current research results on the rural habitat environment,
there is still room to deepen the research. From the perspective of research regions, most of
them are based on national [23], provincial [24], watershed [25] and county [26] perspectives,
and there are fewer studies on rural habitat environment levels in nature reserves and
ecologically fragile areas. Some of the literature fragments the study pattern into local
areas [27,28], which tends to ignore the spatial variation pattern of the rural habitat level
within areas. Therefore, it is necessary to release the original regional framework and
strengthen the analysis of the evolution of the spatial characteristics of the rural habitat
level in the region from the original overall perspective. At the level of the choice of
empirical methods, global regression models are mostly used to analyze the influencing
factors, lacking the consideration of the internal linkages and interactions of regions in the
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process of rural habitat construction. These include multiple linear regression models [29],
Tobit models [30] and binary logit models [31] relying on panel data. However geospatial
data are strongly characterized by spatiotemporal heterogeneity; moreover, there are often
structural differences in the relationships of variables in different regions or at different
times, and further research must delve into the spatiotemporal effects of influencing factors.

A rural habitat system is characterized by openness, nonlinearity, instability and
persistent volatility [32]. Any change in one of these elements will set off a chain reaction
that will change the entire system.

China has carried out a series of institutional reforms to solve its “three rural areas
problem” and break down the dual urban and rural structures. The reforms are intended
to advance urban and rural development. Many agricultural policies have been applied
to rural areas, resulting in frequent exchanges and interaction among the elements of the
rural habitat system and its subsystems. Based on the theory of the rural area system and
human settlement environment, the condition of rural settlements in nature reserves can
now be measured.

Taking China’s Qilian Mountains Nature Reserve as an example, the period 2000–2020
is chosen as the research period in this paper. Those years saw rapid economic development.
The years 2000, 2005, 2010, 2015 and 2020 were selected as the research nodes to construct
the index system of the rural habitat environment and evaluate it in the Qilian Mountains
area. Spatial autocorrelation is used to identify its differentiation pattern and its spatial
clustering pattern. Finally, the main factors affecting the rural habitat environment are
deconstructed by using geographically and temporally weighted regression. The purpose
of this paper is to scientifically evaluate the quality of the rural habitat environment in the
Qilian Mountains Nature Reserve, to clarify the spatial and temporal variation patterns of
the rural habitat environment in the region, and to explore the driving mechanisms behind
them. This paper is expected to provide suggestions for the optimization of rural habitat
level and ecological policy formulation in the same type of nature reserves worldwide, in
order to achieve the sustainable development of habitat environment, ecology and economy
in a coordinated manner.

2. Research Methodology and Data Sources
2.1. Study Area Overview

The Qilian Mountains Nature Reserve (Figure 1) straddles Qinghai and Gansu Provinces
and is located at the intersection of the Qinghai–Tibet Plateau, Loess Plateau and Mengxin
Plateau. It is the birthplace of the Shiyang River, the Hei River and the Shule River in the
interior of Northwest China. The reserve covers an area of 50,200 km2, with a gradual
rise in terrain from east to west and a large altitude drop, with a relative height difference
of more than 3000 m. It is an important area for biodiversity conservation in China and
an important ecological security barrier in western China. In recent years, the problem
of local ecological damage in the Qilian Mountains has been particularly prominent. The
contradiction between conservation and development has been highlighted, the dishar-
mony between human and land relations has increased, and sustainable development is
threatened [33]. How to coordinate the protection of the ecological environment in the
process of economic development with the improvement of the level of the human living
environment has become a pressing problem to be solved in Qilian Mountains Nature
Reserve. This paper takes the villages in Qilian Mountain Nature Reserve as an example to
explore the quality of the rural habitat in the reserve.
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Figure 1. Qilian Mountains Nature Reserve.

2.2. Construction of the Indicator System
2.2.1. Construction of Rural Habitat Environment Index System

A rural habitat is a socio-economic–natural complex resulting from the settlement
of rural inhabitants [34]. The research takes the natural ecological protection area as its
research object in the construction of the index of the rural habitat environment. The
influence of the ecological environment is fully considered.

Concerning reference to the research results about the evaluation and index system
of the rural habitat environment [32,35,36], five subsystems of habitat environment were
identified: social, human, natural, housing and support.

The support system and the housing system together constitute the physical environ-
ment of the rural habitat and are the unity of spatial and natural elements. At the same
time, infrastructure development denotes the physical environment of the rural habitat.
Five indicators were selected to measure the support system and living system: housing
area per capita in the countryside, per capita electricity consumption of rural residents,
number of hospital beds per 10,000 people, road network density and level of rural com-
munication facilities. The level of economic production in the social system is the driving
force of rural habitat construction, representing the economic level and living production
of the countryside. The per capita net income of rural residents; food production per
capita; per capita output value of agriculture, forestry, animal husbandry and fishery;
level of agricultural modernization; and Engel’s coefficient of rural residents were selected
for measurement. The natural system is the basic condition for the construction of the
ecological environment and sustainable development of the countryside, as well as the
embodiment of rural ecological civilization. Forest coverage, total water resources per
capita, agricultural fertilizer application intensity, agricultural plastic film use intensity and
intensity of pesticide use were selected as indicators to measure the quality of the ecological
and environment. In the human system, the cultural needs of residents are the cornerstone
of rural revitalization and progress, as well as a key of sustainable rural development in
the future. Public library collections per 10,000 people, number of health technicians per
10,000 people, number of social welfare institutions per 10,000 people, number of villagers’
committee units per 10,000 people and teacher–student ratio in rural elementary school
were selected for measurement.

Following the principles of scientific, relevance and data collectability, a rural habitat
environment index system was constructed. The index objectively reflects both the state
of the rural habitat environment and the regional characteristics of the ecological reserve
(Table 1). Cronbach’s α is used to evaluate the extent to which the accuracy of the data
affects the overall test results. When the tested coefficient exceeds 0.7, it indicates that the
internal consistency of the data is high. Referring to the study of [37], the data of each
indicator layer were imported into Spss 23.0 for hierarchical processing and classified into



Sustainability 2023, 15, 5775 5 of 25

five levels. Reliability analysis tools were used to determine whether the variables satisfy
consistency. After testing, the internal consistency reliability Cronbach’s α coefficient value
of the rural habitat environment index system is 0.786, greater than the threshold value of
0.7. It meets the requirements of index consistency and representativeness.

Table 1. Index system of rural habitat level.

Objective Layer Criterion Layer Indicator Layer
Indicator

Interpretation or
Calculation

Method

Entropy Method
Weight

Hierarchical
Analysis Method

Weight
Comprehensive

Weight

Rural Habitat
Level

Infrastructure
Development

Housing area per capita in the
countryside (+)

Reflects the housing
level of rural

residents
(m2/person)

0.058 0.047 0.053

Per capita electricity
consumption of rural

residents (+)

Rural electricity con-
sumption/number
of rural residents
(kw·h/person)

0.038 0.027 0.033

Number of hospital beds per
10,000 people (+)

Total number of
beds in hospital

health
centers/number of

rural residents
(beds/10,000 peo-

ple)

0.053 0.041 0.047

Road network density (+) Road miles/area
(km/km2) 0.052 0.046 0.049

Level of rural communication
facilities (+)

Number of rural
telephone

subscribers at
year-end/number

of rural
residents (%)

0.059 0.046 0.052

Economic
production

Per capita net income of rural
residents (+)

Reflects the average
income level of
rural residents

(CNY)

0.062 0.054 0.058

Food production per capita (+)

Total food
production/number

of rural residents
(kg/person)

0.044 0.028 0.036

Per capita output value of
agriculture, forestry, animal
husbandry and fishery (+)

Total output value
of agriculture,

forestry, animal
husbandry and

fishery/number of
rural population
(CNY/person)

0.039 0.027 0.033

Level of agricultural
modernization (+)

Total power of
agricultural

machinery/arable
land area (kw/hm2)

0.045 0.036 0.041

Engel’s coefficient of rural
residents (−)

Rural residents’
expenditure on food
consumption/total

household
expenditure (%)

0.032 0.021 0.026

Ecological anden-
vironmental

quality
Forest coverage (+)

Total forest land
area/total land

area (%)
0.073 0.096 0.084

Total water resources per
capita (+)

Total water
resources/total
rural residents
(m3/person)

0.079 0.093 0.086

Agricultural fertilizer
application intensity (−)

Agricultural
fertilizer

application/total
arable land area

(kg/hm2)

0.024 0.031 0.028

Agricultural plastic film use
intensity (−)

Agricultural plastic
film use/total

arable land area
(kg/hm2)

0.024 0.029 0.026

Intensity of pesticide use (−)
Pesticide use/total

arable land area
(kg/hm2)

0.026 0.035 0.031
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Table 1. Cont.

Objective Layer Criterion Layer Indicator Layer
Indicator

Interpretation or
Calculation

Method

Entropy Method
Weight

Hierarchical
Analysis Method

Weight
Comprehensive

Weight

Rural social
services

Public library collections per
10,000 people (+)

Public library book
collections/number
of rural population

(volumes per
10,000 people)

0.054 0.079 0.066

Number of health technicians
per 10,000 people (+)

Number of health
technicians in

hospitals/number
of rural population

(numbers per
10,000 people)

0.058 0.077 0.068

Number of social welfare
institutions per 10,000 people

(+)

Number of social
welfare adoptive
units/number of
rural population

(numbers per
10,000 people)

0.063 0.051 0.057

Number of villagers’
committee units per

10,000 people (+)

Number of villagers’
commit-

tees/number of
village population

(numbers per
10,000 people)

0.056 0.049 0.052

Teacher–student ratio in rural
elementary school (+)

Number of
elementary school

teachers/number of
primary school

students (%)

0.061 0.087 0.074

2.2.2. Selection of Influencing Factors and Comparison of Model Results

Moran’s I value of the rural habitat environment in each year of the study node is
greater than 0, which can be analyzed by modeling using GTWR. In this paper, consider-
ing the actual situation of the rural habitat environment in the Qilian Mountains Nature
Reserve and the availability of data, based on related studies [38], nine indicators were
selected for analysis from three aspects: geographical environment, economic development
and ecological environment (Table 2). The geographical environment index was charac-
terized by selecting the average temperature, average annual precipitation and average
elevation [39,40]. The economic development index was characterized by selecting the
GDP per capita, fixed asset investment and percentage of secondary and tertiary industries.
PM2.5 concentration, carbon dioxide emissions and sulfur dioxide emissions from indus-
trial waste gases, as important indicators for judging ecological quality, affect the health
status of residents. Referring to existing studies [41–43], the three were used as indicators
for judging the impact on the ecological environment. To reduce model bias caused by
heteroskedasticity, the variables were standardized, and the treated variables were used as
explanatory variables in the model. The rural habitat was used as the explanatory variable
in the model. GTWR was used for analysis.

Table 2. Description of variables and indicators.

Dimension Indicator Unit

Geographical Environment Average temperature ◦C
Average annual precipitation mm

Average elevation m
Economic Development GDP per capita Yuan

Fixed asset investment million yuan
Percentage of secondary and tertiary industries %

Ecological Environment PM2.5 concentration um
Carbon dioxide emissions million tons

Sulfur dioxide emissions from industrial waste gas million tons



Sustainability 2023, 15, 5775 7 of 25

Since GTWR requires no global covariance and local covariance among the explana-
tory variables, a total of five variables passed the covariance diagnosis and significance
test with significance level p < 0.05 and variance inflation factor VIF < 5 by regression
model in SPSS23.0. The variables are the average temperature (X1), the amount of fixed
asset investment (X2), the proportion of secondary and tertiary industries (X3), PM2.5
concentration (X4) and CO2 emissions (X5). To verify that there is no similarity between the
evaluation indicators of the rural habitat environment and the indicators of influencing
factors in the previous section, the variables were subjected to regression tests. The results
found that the above five variables passed the test with significance level p < 0.05 and
variance inflation factor VIF < 5. There is no similarity between the two types of indicators.

2.3. Data Sources

The basic data involved in this study are mainly the administrative boundary vector
data and socio-economic development data of 13 regions. The administrative boundary
data of the Qilian Mountains Nature Reserve are obtained from the National Geographic
Information Database (1:1 million). The socioeconomic development data are from the
county and municipal statistical yearbooks, statistical bulletins [44–46] and the Gansu
Statistical Yearbook [47], Qinghai Statistical Yearbook [48] and China County Statistical
Yearbook from 2000 to 2020 [49]. The data on average elevation are from geospatial data
cloud DEM data (www.gscloud.cn, accessed on 26 January 2023); the data of average
temperature and average precipitation are from the observation data of Gansu Province
(www.gs.cma.gov.cn, accessed on 26 January 2023) and Qinghai (www.qh.cma.gov.cn,
accessed on 26 January 2023) Meteorological Bureau; the data of PM2.5 concentration
are from China General Environmental Inspection Station (www.cnemc.cn); the data of
carbon dioxide emissions are from the latest energy statistics of China Bureau of Statistics
(www.stats.gov.cn, accessed on 26 January 2023); and the data of Ganzhou are not available
around 2000. The corresponding data for 2001 are used to supplement. Some counties and
cities with missing data are supplemented with linear interpolation.

2.4. Research Methodology
2.4.1. Hierarchical Analysis Method

Hierarchical analysis is a combination of qualitative and quantitative decision analysis.
It is systematic, practical and concise, and is often applied to multi-objective, multi-criteria,
multi-level complex decision-making problems. The basic idea is to establish a recursive
and ordered hierarchical structure model according to the requirements of the problem,
and to derive the weights of each index through comparative judgment and mathematical
calculation between factors at each level. YAAHP is used to draw the rural habitat envi-
ronment evaluation model, construct the judgment matrix, conduct consistency tests and
determine the weights of each indicator. Considering the positivity and negativity of the
indicators, the mean standardization method is chosen to eliminate the influence of the
different indexes on the results. The research framework is shown in Figure 2.
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2.4.2. Entropy Method

The entropy method is an objective assignment method, which can avoid the subjective
influence in weight acquisition. The steps are as follows [50,51]:

(1) Construct the eigenvalue matrix. Assuming that the number of rural habitat environ-
ment research objects is m and the number of evaluation indicators is n, the original
matrix of the rural habitat environment evaluation of order m*n can be constructed.

(2) Data standardization. The indicators are standardized to eliminate the differences
in scale, order of magnitude, positive and negative orientation; Gji is the result of
standardization of Xij data.

(3) Indicator homogeneity quantification. Based on the standardization of data, the
homogeneous quantification of indicators is carried out, and the numerical weight pij
of the jth indicator of the ith research object is calculated.

pij= Gji/ ∑m
i=1 Gji (1)

(4) Entropy value and coefficient of variation calculation. Calculate the entropy value
ej of the jth index as

ej = −∑n
i=1

pij∗
(
ln pij

)
ln m

(2)

(5) Determine the indicator weights. There are n indicators in the comprehensive evalua-
tion, and the coefficient of variation of the jth indicator is calculated, gj = 1− ej; then,
the weight wj of the jth indicator is

wj = gj/ ∑n
j=1 gj (3)

(6) Measure the comprehensive evaluation score of the rural habitat environment level.

Sj = ∑n
j=1 wjyt

ij (4)

sj is the composite score of the rural habitat environment level, and wj is the weight of
the index obtained.

2.4.3. Calculation of Combined Weights

Let the combined weight of evaluation index j be Wj, Wj = αwj + (1− α)ϕj, Wj is
the weight of the hierarchical analysis method and ϕj is the weight of the entropy value
method. That is, the integrated weight is a linear combination of the hierarchical analysis
method (subjective weight) and the entropy method (objective weight). When α = 0.5,
the sum of squares of θ1and θ2 is minimized. In this paper, we used a combination of the
entropy method and the AHP and considered both to be equally important in weighting.
We set the α value to 0.5.

Wj = 0.5wj + 0.5ϕj (5)

2.4.4. Global Spatial Autocorrelation

Global spatial autocorrelation characterizes the correlation and significance between
the study areas through Moran’s I, which can fully reflect whether the rural habitat level in
Qilian Mountains National Park has obvious clustering characteristics, and the calculation
formula is as follows [52].

Moran′s I =

[
∑n

i=1 ∑n
j 6=i wij(xi − x)

(
xj − x

)]
s2 ∑n

i=1 ∑n
j 6=i wij

(6)

S2 =
∑n

i=1(xi − x)2

n
, x = ∑n

i=1
xi
n

(7)
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xi and xj are the indicator attribute values of region i and j, respectively; n is the number
of spatial units; x is the average value of the indicator attribute values; wij is the spatial
weight matrix; region i and j are spatially adjacent to 1, and not adjacent to 0. The value of
Moran’s I is in the range of [−1,1]. When the value of I is positive, there is a positive spatial
correlation, and the areas with higher (or lower) rural habitat are significantly clustered in
space. When the value of I is negative, there is negative spatial correlation, and the rural
habitat environment is significantly different and spatially dispersed. When the value of I
is 0, the index attribute values are independent of each other and are randomly distributed
in space.

2.4.5. Local Spatial Autocorrelation

Local spatial autocorrelation can further measure spatial differences and significance
characteristics between the study unit and the surrounding. It is used to describe the
distribution characteristics of areas with similar levels of local rural habitat and to pinpoint
the specific locations of the spatial clustering of geographic elements or local clustering
phenomena [53]. The calculation formula is as follows.

Ii= zi ∑j wijzj (8)

Ii is the local Moran index of region I, wij is the spatial weight, ∑j wij = 1, zi and zj
represent the normalized evaluation values of region i and neighboring region j. If Ii > 0,
zi > 0, region i is in the H-H quadrant. If Ii > 0, zi < 0, region i is in the L-L quadrant. If
Ii < 0, zi > 0, region i is in the H-L quadrant. If Ii < 0, zi < 0, region i is in the L-H quadrant.

2.4.6. Geographically and Temporally Weighted Regression

This paper measures the spatial and temporal heterogeneity of factors affecting the
level of rural habitat in the Qilian Mountains Nature Reserve using geographically and
temporally weighted regression (GTWR). The geographically and temporally weighted re-
gression model combines a time-weighted regression model with a geographically weighted
regression model (GWR), which can measure the spatiotemporal heterogeneity of rural
habitat level factors more accurately than the geographically weighted regression model,
making the estimation results more effective and providing conditions for dealing with
“spatiotemporal effects” [54].

Yi = β0(ui, vi, ti) + ∑ βk(ui, vi, ti)Xik + εi (9)

Yi is the explanatory variable, which is the rural habitat level in this paper; ui, vi and ti
are the longitude, dimension and time of the ith geographical unit. (ui, vi, ti) is the spa-
tiotemporal coordinate of the ith county. β0(ui, vi, ti) is the intercept term; ∑ βk(ui, vi, ti)
is the regression coefficient of the kth driver of the ith county. Xik is the value of the kth
driver at point i. εi is the residual.

Considering the inconsistent spatial distribution density between counties and vil-
lages, the automatic optimization method was used to determine the spatiotemporal
weight matrix. To generate a smoother kernel surface, the bandwidth is selected using the
fixed distance method and the optimal bandwidth is established using the AIC criterion
method [48].

Due to the different spatial and temporal units, the socio-economic and ecological
environment will have certain differences in changes, and the degree of action of each factor
will produce spatial and temporal heterogeneity characteristics. The spatial heterogeneity
of factors influencing the rural habitat in Qilian Mountains Nature Reserve from 2000 to
2020 was explored by GTWR, and the spatial heterogeneity pattern of the action magnitude
of each factor was analyzed and compared with OLS, TWR and GWR models to verify the
superiority of GTWR model (Table 3).
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Table 3. Model parameter estimation results and comparison.

Judgment Indicators OLS TWR GWR GTWR

R2 0.745 0.793 0.919 0.927
R2 Adjusted 0.742 0.792 0.918 0.925

RSS 0.614 0.533 0.185 0.141
AICc −1239.262 −1276.349 −1629.374 −1637.875
Sigma 0.023 0.019

Bandwidth 0.131 0.124

From the comparison results, the OLS and TWR results are similar, and the GWR and
GTWR results are closer. In terms of R2, RSS and AICc criterion, OLS and TWR have a
significant disadvantage over GWR and GWTR because neither one considers the spatial
heterogeneity characteristics of the elements leading to deviations in the model values. The
R2 of GTWR has the highest goodness of fit (0.927), RSS has the smallest (0.141), and the
AICc criterion has the smallest value (−1637.875). Compared with the GWR model, the
GTWR model integrates spatial and temporal heterogeneity, and can correct for the local
effects of each variable, which is superior. Finally, the GTWR model is selected to analyze
the influencing factors described in this paper.

3. Results and Analysis
3.1. Spatial and Temporal Evolution Characteristics of Rural Habitat in Qilian Mountains
National Park

According to the evaluation system of the rural habitat environment in the Qilian
Mountains, the comprehensive score is calculated by the ArcGIS10.8 natural breakpoint
method. The evaluation results were divided into four categories: low region, medium–low
region, medium–high region and high region. The distribution and evolution characteristics
of each functional area are analyzed.

Infrastructure development: The numerical level of infrastructure construction in
the Qilian mountains Nature Reserve showed an increasing trend (Figure 3), with the
mean value rising from 5.068 to 8.312, an increase of 64.01%. The growth rate was faster
in 2010–2015, with an increase of 26.71%, and steady growth was achieved in 2000–2010.
Referring to existing studies [55], due to the impact of COVID-19, the level of infrastructure
in 2020 showed a downward trend, decreasing by 2.98% compared to 2010–2015. The
construction in the northern part of the study area is higher than that in the eastern and
southern, and in Gansu Province it is higher than in Qinghai.

The advantaged areas are located in areas of flat terrain such as Liangzhou, Shandan
and Yongchang. The unique geographical conditions make it possible to coordinate devel-
opment within the region, and with the implementation of the supporting systems and
policies in the national urban–rural area supporting reform pilot, the rural infrastructure
supporting functions have been perfected, raising the level of infrastructure construction
within the region.

Low- and medium–low-value areas are located in the eastern and southern moun-
tainous areas, with the mountains covering more than 80% of the area. Restricted by
reserve development, the support system is imperfect. The construction of rural roads is
not systematic, the traffic is blocked, the residents find travel difficult and inconvenient,
the rural dwellings remain rough in construction and the living conditions for humans are
poor. Humans and animals have to live in the same space. This leads to the conclusion that
the infrastructure in the region is weak.

The local government should promote the implementation of ecological relocation,
plan the gradual transfer of residents of nature reserves to towns and shallow mountainous
areas, promote projects such as clean-up projects, and gradually improve the infrastructure
construction in low-value areas.
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Economic production: The overall economic production of the Qilian Mountains
Nature Reserve showed an upward trend (Figure 4), with an average value of 304.88 in
2015, which is the highest in the study period. The highest rate of increase was 44.66%
and the fastest growth rate from 2005–2010, up 77.26%. Referring to existing studies [56],
the COVID-19 pandemic reduced economic production in some areas by 3.13% in 2020
compared to 2015.
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Economic production in the northwest region of the study area is higher than in the
south and southeast, and that of Gansu is higher than that of Qinghai. The advantaged
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areas are located in Liangzhou and in other areas with better infrastructure and convenient
transportation. The favorable geographical conditions attract capital, technology and talent,
which gather here and drive the optimization of the industrial structure.

The special funds of the state and local governments will promote the development
of economic organizations and enterprises, and enable the residents to participate in the
ecological economy. The low- and medium–low-value areas are located in the south
and southeast of the study area, which are high mountainous areas with harsh natural
conditions, sparsely populated and large areas of barren hills and slopes.

Restricted by the development of the nature reserve, residents only have a single source
of livelihood, resulting in a widening economic income gap with high-value areas. The
economic production of the nature reserve depends on national policies and projects, and
the spatial differences are obvious. The management of the nature reserve should perfect its
ecological compensation and ecological migration mechanisms, as well as promote projects
such as “beautiful villages” and “ecological towns,” so that residents can participate in the
construction of ecological projects and increase their income.

Ecological and environmental quality: The ecological and environmental quality of the
Qilian Mountains Nature Reserve is declining (Figure 5), with the average value decreasing
by 25.35%, from 11.99 to 8.95. The average value of ecological environmental quality was
the lowest in 2015 at 8.31, and the environmental quality decreased at the fastest rate from
2010 to 2015, with a range of 26.41%.
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The areas with the better ecological environment quality are located in Mengyuan,
Qilian and other areas where the natural ecological environment is superior and the
components of the complex ecosystem are complete. Low and medium–low areas are
distributed in the north of Liangzhou, Gaotai and other densely populated areas, where
there is an industrial cluster on a large scale. Production activities deteriorate the ecological
and environmental quality. Over the past 20 years and especially in 2015–2020, ecological
damage in the Qilian Mountains Nature Reserve has been a serious problem.

Large-scale mining activities have created a series of problems such as localized
vegetation destruction, soil erosion and surface collapse. Some hydropower facilities are
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illegally constructed, and due to insufficient consideration of the ecological flow in the
protected area during construction and operation, there has been water reduction and
even cut-off in the downstream section of the river, as well as serious damage to the
ecosystem. Ineffective government supervision and rectification efforts have resulted in
the slow progress of ecological restoration and remediation work, a combination leading to
ecological and environmental damage to the Qilian Mountains.

In 2017, China introduced their strictest protection policies and carried out special
rectification activities to improve ecological and environmental conditions in the Qilian
Mountains Nature Reserve. The ecological and environmental quality in Mengyuan, Sunan
and other areas improved slightly. As an ecologically fragile area, the Qilian Mountains
need natural forest protection—the return of farmland to forest, and soil and water con-
servation. The government should enforce strict forest conservation measures such as a
ban on logging in natural forests, as well as the sealing of forests to establish an ecological
barrier and promote a harmonious relationship between people and nature.

Rural social services: The level of rural social services in the Qilian Mountains Nature
Reserve showed an upward trend (Figure 6), with the average value rising from 7.62 to
9.49, an increase of 19.71%. The period of 2000-2005 saw a faster growth rate of 42.24%, and
2005–2015 achieved a steady increase. Rural social services decreased slightly in 2020 due
to the COVID-19 pandemic [57], by 18.77% compared to 2015, with a slight improvement in
services in the central part of the study area. The distribution characteristics are more like
the distribution of infrastructure construction. Central and northern rural social services are
better than those in the south and east. The most favorable areas are in Gansu Liangzhou
and Shandan.
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Low and medium–low areas are located in the eastern and southern mountainous
areas. The rural social security system is flawed, and the government’s policy support for
education and medical care in the mountainous areas is weak and easy to drain, making it
difficult to introduce excellent medical and teaching staff.

The local government should plan the village system to realize the sharing of resources
such as education and medical care between urban and rural areas. The government also
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should further strengthen the construction of public service facilities and cultural activities,
stabilize and optimize the team of rural teachers and doctors, and better ensure that
residents enjoy equal access to education and basic medical services.

Rural Habitat: From the overall spatial distribution of the rural habitat in the Qil-
ian Mountains Nature Reserve, the rural habitat has improved significantly in 20 years
(Figure 7). The high and medium–high areas are located in the central and northern regions,
and the low and medium–low areas are located in the southern regions.
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In response to the problems of rural poverty, backward production conditions, limited
public services and poor living environment, the government has implemented policies
for the benefit of the people. Projects for whole-village improvement, poverty alleviation
and development have greatly improved residents’ living conditions. Rural areas are
strengthening the construction of transportation, water conservancy projects, and electric
power facilities in towns and shallow mountainous areas, improving rural public services,
implementing rural welfare projects, improving rural governance, changing conditions in
rural schools and upgrading public medical services.

During the implementation of projects such as ecological home construction, poverty
alleviation and relocation, beautiful countryside and “long-term governance” projects, the
living habits and lifestyle of residents in deep mountainous areas have begun to change.
Residents’ income has increased and there have been significant improvements in the
ecological environment and public service facilities. Due to the deprivation of traditional
resource use rights in nature reserves and limited local infrastructure construction, some
residents’ livelihoods and production remain in a difficult situation.

In areas where no ecological projects have been implemented, residents have been
stealing forest resources. Illegal mining and other illegal acts engaged in by residents to
survive pose a serious threat to local ecological construction. How the local government
implements policies to benefit and strengthen agriculture and ensure the coordinated
development of ecological environment and habitat is key to improving the rural habitat in
the Qilian Mountains Nature Reserve.
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3.2. Spatial Clustering Characteristics of Rural Habitat in Qilian Mountains
3.2.1. Global Spatial Autocorrelation

Moran’s I index of the rural habitat in Qilian Mountains Nature Reserve over five
years was calculated by Geoda. Z-value and p-value tests were performed. The results are
shown in Table 4.

Table 4. Moran’s I index of rural habitat in Qilian Mountains.

Year Moran’s I Z p

2000 0.155 8.16 0.01
2005 0.109 4.21 0.01
2010 0.085 1.68 0.07
2015 0.192 5.13 0.01
2020 0.173 2.32 0.01

At the significance level of p ≤ 0.05, the Z-values of all four years were greater than
1.96, which passed the significance test, and Moran’s I indexes were all positive, showing
an obvious positive spatial correlation, indicating that regions with similar rural habitat
environments have a certain spatial clustering and regions with a more developed rural
habitat environment are spatially adjacent.

Regions with poorer rural habitat environments are spatially adjacent. Among them,
Moran’s I index of the rural habitat environment in 2015 was 0.192, which was the highest
in five years, indicating that the spatial clustering of the rural habitat environment in Qilian
Mountains Nature Reserve was the most pronounced in 2015. The 2010 Moran I index of
the rural habitat environment was 0.085, with a value of 1.68 and a p-value of 0.07, which
only passed the 7% significance test, indicating that the spatial clustering of rural habitat
among regions in the Qilian Mountains in 2010 is not significant.

3.2.2. Local Spatial Autocorrelation

The local spatial autocorrelation LISA index allows a more intuitive analysis of the
specific geographical distribution of the agglomerations, and it is obvious from Moran’s
scatter plot (Figure 8) that the scatter points are distributed in quadrants 1 and 2, with
high–high and high–low distributions. It shows that there are cities with a high or low level
of rural habitat within the Qilian Mountains Nature Reserve, and the number of cities with
a high level of rural habitat is greater than the number of cities with a low one, showing
an imbalance of regional heterogeneity. Cities with higher levels of rural habitat have a
stronger radiating effect on neighboring cities, and cities in the third quadrant of low–low
are likely to be caught in a cycle of constant weakness.

The LISA aggregation results (Table 5) show that the high–high (H-H) aggregation
area is distributed in Liangzhou, the low–low (L-L) aggregation area is distributed in
Menyuan in 2000–2015, and the low–low area excludes Menyuan in 2020. Liangzhou is a
key point along the ancient Silk Road, with a long history of humanities, rich agricultural
resources, superior socio-economic and natural conditions, a high urbanization rate, and
nearly complete medical security and educational systems. Local farmers can increase
their income by entering non-agricultural industries. As a competitive county in Gansu
Province, it has a leading role in the development of the surrounding counties, improving
the living environment of their residents.

The mountainous area in Menyuan accounts for 83.1% of its total area, with an av-
erage altitude of 2866 m, complex topography and disparities in height. The region is
dominated by traditional agricultural production methods, with relatively poor natural
conditions, limited urbanization and industrialization, and a single industrial structure. As
an important nature reserve and water connotation area within the reserve, its regional
industry has limited development potential and difficult industrial transformation. In 2019,
in the wake of new government policies, Mengyuan’s gross regional product grew 3.8%
year-on-year and was removed from the list of poverty-stricken counties. The promotion of
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government policies, accelerating the process of urban–rural complementation, forming
a new urban–rural relationship of common prosperity, carrying out ecological tourism
projects, increasing residents’ income and the prosperity of agricultural industries are the
keys to improving the rural habitat of the region.

Sustainability 2023, 15, x FOR PEER REVIEW  17  of  27 
 

 

3.2.2. Local Spatial Autocorrelation 

The local spatial autocorrelation LISA index allows a more intuitive analysis of the 

specific geographical distribution of the agglomerations, and it is obvious from Moran’s 

scatter plot (Figure 8) that the scatter points are distributed  in quadrants 1 and 2, with 

high–high and high–low distributions. It shows that there are cities with a high or  low 

level of rural habitat within the Qilian Mountains Nature Reserve, and the number of cities 

with a high level of rural habitat is greater than the number of cities with a low one, show-

ing an imbalance of regional heterogeneity. Cities with higher levels of rural habitat have 

a stronger radiating effect on neighboring cities, and cities in the third quadrant of low–

low are likely to be caught in a cycle of constant weakness. 

     

   

Figure 8. Moran scatter plot of rural habitat in Qilian Mountains. 

The LISA aggregation results (Table 5) show that the high–high (H-H) aggregation 

area is distributed in Liangzhou, the low–low (L-L) aggregation area is distributed in Me-

nyuan in 2000–2015, and the low–low area excludes Menyuan in 2020. Liangzhou is a key 

point along the ancient Silk Road, with a long history of humanities, rich agricultural re-

sources, superior socio-economic and natural conditions, a high urbanization rate, and 

nearly  complete medical  security and educational  systems. Local  farmers  can  increase 

their income by entering non-agricultural industries. As a competitive county in Gansu 

Province, it has a leading role in the development of the surrounding counties, improving 

the living environment of their residents. 

The mountainous area in Menyuan accounts for 83.1% of its total area, with an aver-

age altitude of 2866 m, complex topography and disparities in height. The region is dom-

inated by traditional agricultural production methods, with relatively poor natural condi-

tions, limited urbanization and industrialization, and a single industrial structure. As an 

important nature reserve and water connotation area within the reserve, its regional in-

dustry has limited development potential and difficult industrial transformation. In 2019, 

in the wake of new government policies, Mengyuan’s gross regional product grew 3.8% 

year-on-year and was removed from the list of poverty-stricken counties. The promotion 

of government policies, accelerating the process of urban–rural complementation, form-

ing a new urban–rural relationship of common prosperity, carrying out ecological tourism 

Figure 8. Moran scatter plot of rural habitat in Qilian Mountains.

Table 5. Clustering results of rural habitat in Qilian Mountains region.

Year
Clustering Model

(H-H) (L-H) (H-L) (L-L)

2000 Linze Menyuan
2005 Liangzhou Menyuan
2010 Liangzhou Menyuan
2015 Liangzhou Menyuan
2020 Liangzhou

3.3. Spatial and Temporal Heterogeneity Analysis of Influencing Factors

To investigate the spatial and temporal heterogeneity of the factors influencing the
rural habitat in Qilian Mountains Nature Reserve and to clarify the spatial distribution
pattern of the degree of action of each factor, the results of the regression parameters for
each year were imported into the GIS and visualized for analysis. The regression coefficients
of each influencing factor were then graded using the natural breakpoint method.

(1) Average temperature: The average temperature was positively correlated with the
condition rural habitat (Figure 9). The higher the average temperature of the area, the
better the condition of the rural habitat. This is consistent with studies concluding
that habitat and temperature are positively correlated [58]. The regression coefficients
of each year fluctuated with significant spatial and temporal heterogeneity, indicating
that the average temperature is a more important influencing factor on the condition
of the rural habitat.
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Spatially, the regression coefficient shows a high trend in the south and a low trend in
the north, with larger values in the low-level counties. This is because the low-level counties
are in the hilly and mountainous areas with complex topography, variable weather and
cold climate, all of which have a great degree of influence on the living and production en-
vironment. The natural environment is an important prerequisite for human development,
and climatic conditions have an important impact on the rural habitat.

(2) Fixed asset investment amount: The regression coefficient of fixed asset investment
amount from 2000 to 2020 decreases from north to south, and the high-value area
is distributed in Liangzhou and Shandan in the north (Figure 10). The regression
coefficient of the fixed asset investment amount fluctuates significantly, indicating that
the fixed asset investment amount has a strong spatial and temporal heterogeneity on
the rural habitat of the Qilian Mountains Nature Reserve, which is the main factor in
improving the habitat.

Its regression distribution resembles the distribution of economic production, which
verifies the correctness of the research cited above. Fixed asset investment will affect the total
supply and demand, create more employment opportunities, indirectly increase residents’
income, drive economic development and promote the improvement of the rural habitat. The
increase in the amount of fixed asset investment has a positive impact on creating a beautiful
and livable countryside and increasing the income of the regional population.

(3) The ratio of secondary and tertiary industries: The ratio of secondary and tertiary
industries is positively correlated with the condition of the rural habitat environment
(Figure 11). Most of the high-value areas are distributed in central and northern
Liangzhou and Shandan, indicating that the improvement of the ratio of secondary
and tertiary industries promotes the rural habitat environment in the central and
northern regions significantly more than others. The value of the regression coefficient
increases year by year, and the distribution trend is stable, with no significant changes
except for a few areas where the grade has slightly increased, indicating that the
proportion of secondary and tertiary industries is a more important influencing factor
on the rural habitat.
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The central and northern regions such as Liangzhou and Shandan are more econom-
ically developed, and the transportation infrastructure between urban and rural areas
is rather advanced. Therefore, rural labor can flow to nearby urban areas, and the non-
agricultural part-time industry shows cyclical characteristics. Improving the proportion of
secondary and tertiary industries can significantly improve the rural economic production
environment and rural habitats. In the south and southeast of the country, the produc-



Sustainability 2023, 15, 5775 19 of 25

tion structure of less economically developed areas has a high proportion of agricultural
production and is based on monoculture.

The transportation infrastructure between urban and rural areas is somewhat back-
ward, which makes it difficult to realize the rapid flow of labor factors to cities and towns.
There is a more serious problem with brain drain and hollowing out of the countryside,
limiting the accumulation of human capital. Instead of improving the economic develop-
ment of the region, increasing its proportion of secondary and tertiary industries pollutes
the local ecological environment and intensifies the pressure on it.

(4) PM2.5 concentration: PM2.5 concentration has a negative effect on the rural habitat
(Figure 12). The lower the regression coefficient of PM2.5, the worse the condition
of the rural habitat. From 2000–2015, the regression coefficient decreased year by
year, indicating that the increase in PM2.5 concentration is detrimental to the rural
habitat. There is a significant upward trend in its regression coefficient from 2015 to
2020, indicating that the special treatment work carried out by the government has
improved the ecological and environmental problems in Qilian Mountains Nature
Reserve.
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The PM2.5 concentration values have decreased, and the local rural habitat has im-
proved markedly. High-value areas are located in the high mountainous areas of Qilian
and Menyuan, which have low population density and a better natural environment. The
regression coefficients fluctuated greatly over 20 years, which shows that PM2.5 has a
strong spatial and temporal heterogeneity to the quality of the rural habitat in Qilian Moun-
tains Nature Reserve and is the main factor affecting it. PM2.5 is a toxic substance. Small
particles linger in the atmosphere for a long time, harming human health, degrading the
quality of the ecological environment and restricting the improvement of the rural habitat.

(5) CO2 emissions: CO2 emissions harm the rural habitat. There was a decrease in
regression coefficients from 2000 to 2015 and a slight increase from 2015 to 2020, with
a slight improvement in the rural habitat (Figure 13). The regression coefficients of
each year fluctuate significantly and have strong spatial and temporal heterogeneity
characteristics, indicating that CO2 emissions are the main influencing factor in the
rural habitat.



Sustainability 2023, 15, 5775 20 of 25Sustainability 2023, 15, x FOR PEER REVIEW  22  of  27 
 

 

 

Figure 13. Spatial distribution of CO2 emissionsʹ regression coefficients. Remarks: 1. Suzhou; 2. 

Gaotai; 3. Linze; 4. Sunan; 5. Ganzhou; 6. Minle; 7. Qilian; 8. Shandan; 9. Yongchang; 10. Liang-

zhou; 11. Gulang; 12. Menyuan; 13. Tianzhu. 

4. Discussion and Conclusion 

4.1. Discussion 

The ecological and environmental quality levels showed a decreasing trend during 

the study period,  indicating  that  the Qilian Mountains Nature Reserve has not coordi-

nated its relationship with the ecological environment while rapidly developing the econ-

omy and improving the level of human habitat. Previous studies [59,60] have shown that 

improving the quality of human habitat at the expense of resources and environment is 

not the best development path. It is suggested that the local government should promptly 

adjust its development strategy, establish an ecological barrier and promote the harmoni-

ous development of humans and nature. During the study period, it was found that the 

disadvantaged areas in terms of rural habitat were mainly located in areas with a poor 

infrastructure level and rural social services. This result is consistent with Geldmann [61] 

and Lim [62], who studied the habitat quality of nature reserves, which fully indicates that 

the  index system established in this study reflects the real situation of the rural habitat 

level more comprehensively and can be universally suitable  for  the evaluation of rural 

habitat in nature reserves. 

During the study period, it was found that the rural habitat in Qilian Mountains Na-

ture Reserve showed a significant positive spatial correlation, and  the cities with close 

rural habitats were spatially adjacent. This  is consistent with the findings of Yoshinaga 

[63] and Květoň  [64]. The reason  for  this may be  that  the advantageous area has good 

economic conditions and  the  local government pays attention  to  the  investment  in  the 

construction of rural habitat, which has a radiating effect on the construction of habitat in 

the surrounding areas. 

PM2.5 concentration and CO2 emissions were found to be the main influencing fac-

tors on the level of rural habitat in the Qilian Mountains Nature Reserve during the study. 

This is inconsistent with the findings of KEMPERMAN [65]. This may be because the gov-

ernment departments in the Qilian Mountains region have not coordinated the relation-

ship between environmental protection and habitat development, making ecological and 

environmental factors the main factors influencing the level of habitat. 
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2. Gaotai; 3. Linze; 4. Sunan; 5. Ganzhou; 6. Minle; 7. Qilian; 8. Shandan; 9. Yongchang;
10. Liangzhou; 11. Gulang; 12. Menyuan; 13. Tianzhu.

High emissions of carbon dioxide, a greenhouse gas, can lead to an increase in regional
temperatures. The total area of glaciers in the Qilian Mountains Nature Reserve is 1300 km2,
with a storage capacity of 40 km3. This makes the reserve a “solid reservoir” and a “natural
water tower.” The increase in carbon dioxide emissions and temperature in protected areas
has led to the melting of glaciers, degradation of permafrost and the rise of the snow line in
the Qilian Mountains Nature Reserve. The results show a decline in water containment
functions and damage to the rural habitat.

4. Discussion and Conclusion
4.1. Discussion

The ecological and environmental quality levels showed a decreasing trend during the
study period, indicating that the Qilian Mountains Nature Reserve has not coordinated its
relationship with the ecological environment while rapidly developing the economy and
improving the level of human habitat. Previous studies [59,60] have shown that improving
the quality of human habitat at the expense of resources and environment is not the best
development path. It is suggested that the local government should promptly adjust
its development strategy, establish an ecological barrier and promote the harmonious
development of humans and nature. During the study period, it was found that the
disadvantaged areas in terms of rural habitat were mainly located in areas with a poor
infrastructure level and rural social services. This result is consistent with Geldmann [61]
and Lim [62], who studied the habitat quality of nature reserves, which fully indicates that
the index system established in this study reflects the real situation of the rural habitat level
more comprehensively and can be universally suitable for the evaluation of rural habitat in
nature reserves.

During the study period, it was found that the rural habitat in Qilian Mountains Nature
Reserve showed a significant positive spatial correlation, and the cities with close rural habitats
were spatially adjacent. This is consistent with the findings of Yoshinaga [63] and Květoň [64].
The reason for this may be that the advantageous area has good economic conditions and the
local government pays attention to the investment in the construction of rural habitat, which
has a radiating effect on the construction of habitat in the surrounding areas.



Sustainability 2023, 15, 5775 21 of 25

PM2.5 concentration and CO2 emissions were found to be the main influencing factors
on the level of rural habitat in the Qilian Mountains Nature Reserve during the study. This is
inconsistent with the findings of KEMPERMAN [65]. This may be because the government
departments in the Qilian Mountains region have not coordinated the relationship between
environmental protection and habitat development, making ecological and environmental
factors the main factors influencing the level of habitat.

4.2. Conclusions

(1) The levels of infrastructure, economic production and rural social services in the Qilian
Mountains Nature Reserve from 2000 to 2020 showed an overall upward trend, and
all of them decreased in some areas in 2020 due to the impact of COVID-19. Ecological
and environmental quality showed a downward trend, and from 2015–2020, the state
introduced protection policies to resolve the ecological and environmental problems
in Qilian Mountains and slightly improve their ecological and environmental quality.
The task of environmental protection in the region is still difficult.

The advantaged areas of rural habitat level are located in Liangzhou and Shandan,
which are flat, complete with supporting resources and convenient transportation. The
disadvantaged areas of rural habitat are distributed mostly in Qilian, Menyuan and other
mountainous and hilly areas with poor natural conditions and blocked roads. Restricted by
the development of protected area resources, there are imperfections in the supporting sys-
tems in disadvantaged areas, inconvenient transportation, and a single source of livelihood
for residents, which collectively lead to a poorer quality of rural habitat.

(2) The 2000–2020 Qilian Mountains Nature Reserve rural habitat shows an obvious
positive spatial correlation, and rural habitat is close to the city in spatial proximity.
The high–high (H-H) agglomeration is distributed in Liangzhou, the low–low (L-L)
agglomeration is distributed in Menyuan from 2000 to 2015, and the low–low area is
removed from Menyuan in 2020.

(3) This paper analyzes five influencing factors selected from three dimensions—geographic
environment, economic development and ecological environment—and finds that the
influence of each factor on the habitat shows obvious characteristics of spatial and
temporal heterogeneity. Among them, the amount of investment in fixed assets, PM2.5
concentration and CO2 emission are the main factors in the quality of the rural habitat
in Qilian Mountains Nature Reserve. The average temperature and the proportion of
secondary and tertiary industries are more important influencing factors.

5. Suggestion

Combining the basic characteristics of the ecological environment of the nature reserve
and the demands of rural habitat construction in the process of new urban–rural integration,
this paper presents four suggestions for optimizing rural habitat.

(1) The first suggestion is that the government should classify and promote the im-
provement of the rural habitat environment and establish a long-term mechanism to
improve it. The development of the rural habitat environment in the Qilian Mountains
Nature Reserve varies greatly, and the government should take the basic principle of
adapting to local conditions and enact policies to improve the area.

For areas with a high value of rural habitat, management should build a remediation
model with the participation of multiple subjects such as villagers, enterprises and the
government; establish a long-term working mechanism; and improve the economic income
level of residents. For the medium–high-value areas of rural habitat, the government should
take planning as the first step, formulate scientific and reasonable rural habitat planning,
highlight the characteristics of rural development, and promote the orderly circulation of
elements between urban and rural areas. The medium–low-value areas should develop
special rural economies according to local conditions and strengthen education and skills
training for villagers. They should also villagers to start their own businesses and stimulate
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the inherent vitality of rural development. For areas with a low value of rural habitat,
policies for the benefit of the people should be formulated, and whole village improvement
and poverty alleviation development projects should be implemented.

(2) The second suggestion is that the government accelerate the development of rural
specialty industries and help residents transform their livelihood strategies. Industrial
prosperity is central to rural revitalization. The residents in the nature reserve are
deprived of the right to use ecological resources, and some of them struggle to survive.

The local government should vigorously guide farmers to rely on natural conditions
to develop industries such as the cultivation of the Chinese medicinal herbs, forestry and
fruit industry, and the secondary processing of agricultural products to increase their blood-
making capacity; reduce the degree of dependence on natural resources; and help residents
transform their livelihood development.

(3) The third suggestion is that ecological migration be accelerated to continuously im-
prove public services in the countryside. For residents in high mountainous, alpine
and extremely poor areas, the government should carry out ecological relocation work
in an orderly manner, relocate people from the mountains, and transfer villagers from
protected areas to towns and shallow mountainous areas.

In addition, the government should improve rural public services such as education,
medical care and social security; recruit more rural teachers and doctors; and protect
children’s education and basic medical services for families in need.

(4) The fourth suggestion is to promote clean engineering projects and increase invest-
ment in environmental pollution control. The local government should promote
clean-up projects and separate humans from animals. Local government should im-
prove the living environment of residents in a gradual manner, pay attention to green
low-carbon development, give financial and technical support to the production and
consumption of clean energy, raise residents’ awareness of low-carbon environmental
protection and resource conservation, and strengthen ecological and environmental
management, in order to promote the improvement of the rural habitat of Qilian
Mountains Nature Reserve.

6. Research Limitations and Prospects

The study of rural habitat environments involves numerous influencing factors. How-
ever, ecotourism, rural household waste, natural disasters, sewage treatment and policy
factors are not included in the index system of influencing factors due to the limitation
of data acquisition. At present, this is the limitation of this paper and the focus of future
research. Subsequent research should include relevant indicators in the system as far
as the conditions allow, and explore the comprehensive driving mechanism of multiple
elements and subjects to promote the improvement of rural habitat levels and enhance the
effectiveness of rural governance. In addition, the research on smaller spatial units and
microscopic scales needs to be further expanded and deepened. Future research on the
rural habitat environment should focus on the specificity of rural areas and the regularity
of rural habitat environment evolution, explore in depth the inner evolution mechanism
of different rural types of habitat environment quality, and promote the optimization and
control of different types of rural habitat environment quality according to local conditions.
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