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Abstract

In recent years, scholars both domestically and internationally have conducted
extensive research on regional land ecological security assessment; however, most
studies have targeted watersheds or administrative units at the county level
and above, with very few investigations focusing on the township scale. There-
fore, this study selects the Bortala Mongol Autonomous Prefecture, located in
the arid and ecologically fragile region of northwestern China, as the research
area. Supported by “3S” technology and mathematical statistical methods, and
integrating the natural geographical characteristics and socio-economic condi-
tions of the study area, we constructed a township-level Pressure-State-Response
(P-S-R) land ecological security assessment model for the Bortala Mongol Au-
tonomous Prefecture, and conducted a diagnostic analysis of the spatial pattern
characteristics and underlying causes of its land ecological security. The re-
sults indicate: (1) Land ecological security in Bortala Prefecture deteriorated
from 2011 to 2014, with the largest conversion area being from Level III to
Level 1V, reaching 2555.33 km?2, primarily within Wenquan County, followed by
conversion from Level V to Level IV covering 1356.53 km?2, mainly occurring
in Mangding Township and Tuotuo Township of Jinghe County; (2) The land
ecological security status of most townships in Bortala Prefecture is at Level
III, indicating an unstable regional ecological structure that requires urgent ad-
justment; (3) The land ecological security status of Bortala Prefecture exhibits
distinct regional distribution characteristics, with low-value areas concentrated
primarily in the desert regions of eastern Bortala, and high-value areas concen-
trated mainly in the oasis and lake regions of central Bortala. These research
findings can provide references for township-level land ecological security assess-
ment and theoretical guidance for coordinated regional ecological protection and
sustainable township development.
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Abstract

Regional land ecosystems are facing deterioration due to rapid urbanization.
To promote sustainable development of land ecosystems, evaluating regional
land ecological security is essential. While numerous studies have assessed
land ecological security, most have focused on watershed or county-level ad-
ministrative units, with few examining the township scale. This study selected
Bortala Mongolian Autonomous Prefecture (hereafter “Bortala” ) in Xinjiang
Uyghur Autonomous Region—a drought-prone and ecologically vulnerable area
in northwestern China—as the research area. Integrating “3S” technologies
(Remote Sensing, Geographic Information Systems, and Global Positioning Sys-
tems) with mathematical statistical methods, we constructed a township-level
Pressure-State-Response (P-S-R) land ecological security evaluation model tai-
lored to Bortala’ s natural geographic features and socioeconomic conditions.
Using data from statistical yearbooks and remote sensing imagery for 2011 and
2014, we established an index system comprising 25 indicators reflecting regional
P-S-R characteristics. The entropy weight method and analytic hierarchy pro-
cess were employed to determine indicator weights. Land ecological security
indices were then calculated for each township using GIS Grid analysis.

The results show: (1) Land ecological security in Bortala deteriorated from
2011 to 2014. Between these years, 2,555.33 km? of Level III (security grade)
areas transitioned to Level IV, with degraded areas concentrated primarily in
Wenquan County. Meanwhile, 1,356.53 km? of Level V areas improved to Level
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IV, concentrated in Mangding Township and Tuotuo Township of Jinghe County.
(2) Most townships exhibited Level III security, indicating unstable ecological
structures. (3) Spatial distribution of land ecological security was distinctly
regional: low-value areas clustered in eastern desert regions, while high-value
areas concentrated in central oasis zones and lake areas. These findings provide
references for township-level land ecological security evaluation and theoretical
guidance for coordinated regional ecological protection and sustainable township
development.

Keywords: township scale; land ecological security; P-S-R model; Bortala
Mongolian Autonomous Prefecture

1. Study Area Overview

Bortala is located in the northwestern border region of Xinjiang Uyghur Au-
tonomous Region, covering 24,896 km2. The terrain forms an inclined valley,
380 km long, surrounded by mountains on three sides (north, west, and south)
with elevation decreasing from west to east. The landscape comprises mid-
mountain forests, desert steppe at the southern and northern piedmonts, and
the Gobi desert around Ebinur Lake. The Bortala River in the west and the
Jinghe River in the east nurture oases along their banks. Bortala features a
typical north temperate continental arid climate, though the western and north-
ern piedmonts receive abundant precipitation during summer. The prefecture
administers Bole City, Jinghe County, and Wenquan County. [Figure 1: see
original paper] shows the study area.

2. Data Sources

Digital imagery data included: Landsat 5 TM and Landsat 8 OLI (30 m x 30 m
resolution), MODIS NDVI monthly composite products (500 m x 500 m resolu-
tion), and ASTER GDEM (30 m x 30 m resolution). Socioeconomic data were
obtained from the Bortala Statistical Yearbook, Bole City Statistical Yearbook,
Wenquan County Statistical Yearbook, and relevant government departments.
Field survey data included 96 spatial information points with location data and
landscape photos. Analogous standard reference data were selected to establish
evaluation criteria. Detailed data types and sources are listed in .

3. Digital Image Data Preprocessing
3.1 Remote Sensing Image Preprocessing and Classification

Landsat images were preprocessed using ENVI 4.8 software. Radiometric cor-
rection was performed using the FLAASH model [31]. Geometric precision
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correction employed control point polynomial fitting based on 1:100,000 topo-
graphic maps, with ground control point errors maintained below 0.5 pixels.
Cubic convolution resampling and Krueger projection were applied. Cloud and
snow-affected images were excluded to ensure quality.

Supervised classification was conducted using decision tree rules derived from
training samples. Land use/land cover (LULC) was classified into six categories:
cropland, forest, grassland, water, salinized land, and other. Classification ac-
curacy exceeded 94% for both years (2011: 96.07%, Kappa coefficient 0.9507;
2014: 94.05%, Kappa coefficient 0.9302), meeting research requirements. Man-
ual visual interpretation refinement was performed where needed.

4. Evaluation Indicator Standardization
4.1 Evaluation Units

Most land ecological security studies use administrative units as data carriers
due to data availability. However, county-level units lack spatial visualization
and practical guidance. Considering Xinjiang’ s vast county-level administrative
areas, this study selected townships as the minimum evaluation units. Multi-
source data were resampled to 30 m x 30 m resolution, enabling fine-grained
raster data to reflect spatial heterogeneity within evaluation units.

4.2 Indicator System and Weights

The P-S-R framework, established by the United Nations Economic Cooperation
and Development Organization [33], systematically organizes environmental in-
dicators from human-environment interaction perspectives. Pressure indicators
reflect human activities’ burden on resources and ecosystems [34]. State indi-
cators describe current natural resource and environmental quality conditions
[35-36]. Response indicators represent optimization measures and feedback for
sustainable ecosystem development [37]. The framework demonstrates strong
systematicity [38].

Based on literature review and Bortala’ s actual conditions, we constructed a
township-level P-S-R evaluation model. Following scientific, practical, and dy-
namic principles, 25 indicators closely related to land ecological security were
selected. Pearson correlation analysis screened indicators, retaining those with
correlation coefficients <0.9 with criteria or objective layers and intra-layer cor-
relations <0.8. The entropy weight method and analytic hierarchy process
were combined to determine weights, balancing regional characteristics and data
mathematical features. The final indicator system is shown in .
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4.3 Indicator Definitions and Standardization

Given diverse indicator types, direct comparison of measured values is challeng-
ing. Standardization prioritized international or national standards, followed by
local ecological civilization standards. For indicators without explicit standards,
range normalization was applied.

. . e e 1 X, —Xmin
Standardization formulas: - For positive indicators: Y,. = L~ - For

J J
o Xmer_X,
negative indicators: Yij = rtar i
J J
Where X is the original value of indicator j in year 4, and X7 and X7 are
the maximum and minimum values for indicator j.

Key indicators include: - Fertilizer use per unit cropland: Inverse indicator;
higher values indicate greater pressure. - Pesticide use per unit cropland:
Inverse indicator; reflects pesticide pollution severity. - Plastic film use per
unit cropland: Inverse indicator; reflects plastic pollution severity. - Grass-
land livestock carrying capacity: Inverse indicator; calculates livestock num-
ber per unit grassland area. - Population density: Inverse indicator; reflects
population pressure on land. - Natural growth rate: Inverse indicator; ratio
of natural population increase. - GDP per unit land area: Positive indica-
tor; reflects economic development level. - Grain yield per capita: Positive
indicator; reflects cropland’ s population support capacity. - Forest coverage
rate: Positive indicator; percentage of forest area. - Water network density:
Positive indicator; total river length per unit area. - Shannon diversity in-
dex: Positive indicator; SHDI = — Zzl P, In(P,), where P, is the proportion
of landscape type i. - Landscape fragmentation: Inverse indicator; number
of patches per unit area. - Desertification rate: Inverse indicator; change
in desertified area between periods. - Cropland irrigation ratio: Positive
indicator; ratio of effectively irrigated cropland.

5. Land Ecological Security Model

The Land Ecological Security (LES) index measures regional land ecological
security degree:

LES =Y P, xw,

n
i=1

Where P, is the standardized value of indicator ¢, and w, is its weight.

5.1 Evaluation Criteria

Traditional studies often use absolute thresholds (0.2, 0.4, 0.6, 0.8, 1.0) corre-
sponding to five security levels, which may cause deviations. This study ana-
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lyzed Bortala’s ecosystem conditions and referenced relevant literature [22,28,38]
to establish classification standards using ArcGIS natural breaks classification,
adjusted based on 96 field survey points and expert interpretation. The final
five-level standard is shown in .

6. Spatial Autocorrelation Analysis
6.1 Global Spatial Autocorrelation

Spatial autocorrelation explains spatial dependency relationships. Global
Moran’ s I verifies overall spatial correlation, while local indicators (LISA)
reflect correlation between local units and neighbors.

Global Moran’ s I formula:
o Z?Zl Z?:;L Wiz, —2)(z; — )
So S (@ —1)?

Where n is sample size, x; is the statistical value of region ¢, z is the mean, and
W, is the spatial weight matrix (1 for adjacent regions, 0 otherwise). Moran’
s I ranges from -1 to 1, with larger absolute values indicating stronger spatial

correlation.

Bortala’ s land ecological security showed strong positive spatial correlation,
with Moran’ s I values of 0.5990 (2011) and 0.6763 (2014), indicating significant
spatial clustering.

6.2 Local Spatial Autocorrelation

Local Moran’ s I identifies spatial clusters: - H-H clusters: High values sur-
rounded by high values (spatial homogeneity) - L-L clusters: Low values sur-
rounded by low values - H-L clusters: High values surrounded by low values
(spatial heterogeneity) - L-H clusters: Low values surrounded by high values

Significance testing used Z-scores:

I, — E(I,
Z(I,) = I — B(L)
Var(l,)
Local spatial autocorrelation analysis revealed distinct spatial patterns: low-
value clusters concentrated in eastern desert areas, while high-value clusters
were found in oasis and lake regions. [Figure 4: see original paper] and [Figure

5: see original paper| show Moran scatter plots and local spatial autocorrelation
cluster maps for 2011 and 2014.
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7. Results
7.1 Structural Characteristics of Bortala’ s Land Ecological Security

Analysis of township P-S-R subsystems revealed: - Pressure subsystem: Most
townships were at Level III. Administrative centers (Bole City, Jinghe Town,
Bogdaer Town) faced Levels IV-V due to intense environmental, resource, and
social pressures. Non-administrative townships showed lower pressure levels.
- State subsystem: Most townships were at Level III. Xiao Yingpan Town
and Wenquan County townships reached Level II due to abundant water re-
sources and stable ecosystems. Jinghe County and Bole City townships were
at Level IV, with vulnerable ecological structures due to extensive desert/bare
land areas. - Response subsystem: Administrative centers were at Levels
I-II, demonstrating effective policy implementation and good feedback. Other
townships were mostly at Level III, indicating lower policy execution efficiency
due to geographical constraints.

7.2 Spatiotemporal Patterns of Bortala’ s Land Ecological Security

Spatial distribution analysis using ArcGIS overlay calculations showed: - 2011:
Level V areas were mainly Ebinur Lake, Jinghe Oasis, and Wenquan County.
Level I areas concentrated in eastern Ebinur Lake and southeastern desert re-
gions. The spatial distribution was extremely unbalanced. - 2014: Eastern
areas showed improvement, but Level I areas remained extensive. The central
region (Wutubulage Town) showed significant deterioration. Level V areas de-
creased in oasis-desert ecotones but increased in mountainous areas.

Area transfer matrix () revealed: - 2,555.33 km? transitioned from Level III
to Level IV (mainly in Wenquan County), representing the largest degradation
area (29.99% of total area). - 1,356.53 km? improved from Level V to Level IV
(concentrated in Mangding and Tuotuo townships). - Overall, degraded area
(5,512.82 km?) exceeded improved area (1,819.73 km?), indicating worsening
ecological security.

The spatial pattern showed strong regional characteristics: low-value areas in
eastern desert regions, high-value areas in central oases and lake regions, with
fewer high-value areas in mountainous river valleys.

8. Discussion

The pressure and state subsystems showed higher security levels than the re-
sponse subsystem, indicating inadequate township-level responses. The 25-
indicator system, incorporating sensitive indices like NDVT and landscape met-
rics, effectively captured regional variations. However, Bortala’ s fragile arid
ecosystem, combined with increasing agricultural water use and cropland expan-
sion, posed significant challenges.
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Key findings: 1. Water resource constraints: Limited water data (only
water network density and irrigation ratio) hindered quantitative analysis of
upstream agricultural impacts on downstream ecosystems. Most water origi-
nates from glacier melt; increased agricultural water consumption in upstream
areas is the primary cause of downstream ecological degradation. 2. Desert
tourism development: The Mutar Desert and Dandagai Desert tourism zones
offer economic opportunities while controlling desert expansion, representing a
sustainable development strategy. 3. Policy effectiveness: Administrative
centers showed better ecological security due to higher urbanization, technology
levels, and policy implementation efficiency. Non-administrative centers need
improved policy execution and resource allocation. 4. Indicator sensitivity:
NDVI, landscape fragmentation, and land use type effectively reflected ecosys-
tem degradation, with decreasing NDVI and Shannon diversity and increasing
fragmentation indicating deteriorating conditions.

The P-S-R framework proved effective for township-scale assessment, though
indicator refinement is needed due to data acquisition limitations at this scale.

9. Conclusions

1. Most Bortala townships were at critical security levels (Level III) in 2011,
with Xiao Yingpan Town, Angrige Township, and Chagantunge Town-
ship reaching relatively safe levels (Level II), while Tuotuo Township was
relatively unsafe (Level IV).

2. From 2011-2014, only Bole City’ s urban street, Bailinghari Modong Town-
ship, and Bogdaer Town showed improvement; other townships deterio-
rated. Degraded areas primarily suffered from poor vegetation growth
and inadequate human response measures.

3. Spatial distribution was distinctly regional: low-value areas clustered in
eastern desert regions with simple ecosystems; high-value areas concen-
trated in oases and lake regions. This pattern reflects the fragile ecological
structure of arid regions.

4. The evaluation objectively reflected Bortala’ s land ecological security
changes, demonstrating the feasibility of the P-S-R indicator system at
the township scale. Results provide theoretical guidance for coordinated
ecological protection and sustainable development.

Acknowledgments

We thank Dr. Chen Yun from the Institute of Soil and Water Resources, Chi-
nese Academy of Sciences, and the Department of Earth Sciences, University of
Memphis, USA, for their assistance with this manuscript.

chinarxiv.org/items/chinaxiv-201711.00115 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00115

ChinaRxiv [$X]

References

[1] Liu X L, Yang Z P, Di F, Chen X G. Evaluation on tourism ecological security
in natural heritage sites-case of Kanas nature reserve of Xinjiang, China. Chi-
nese Geographical Science, 2009, 19(3): 265-273. [2] Li X B, Tian M R, Wang H,
Wang H, Yu J J. Development of an ecological security evaluation method based
on the ecological footprint and application to a typical steppe region in China.
Ecological Indicators, 2014, 39: 153-159. [3] Zhou K H, Liu Y L, Tan R H, Song
Y. Urban dynamics, landscape ecological security, and policy implications: A
case study from the Wuhan area of central China. Cities, 2014, 41: 141-153.
[4] ITASA. Modeling land/cover change in Europe and Northern Asia. 1999
Research Plan, 1999. [5] Huang L, Yan L J, Wu J G. Assessing urban sustain-
ability of Chinese megacities: 35 years after the economic reform and open-door
policy. Landscape and Urban Planning, 2016, 145: 57-70. [6] Christiansen F.
Food security, urbanization and social stability in China. Journal of Agrarian
Change, 2009, 9(4): 548-575. [7] Ezeonu I C, Ezeonu F C. The environment and
global security. Environmentalist, 2000, 20(1): 41-48. [8] Huang J F, Wang R
H, Zhang H Z. Analysis of patterns and ecological security trend of modern oa-
sis landscapes in Xinjiang, China. Environmental Monitoring and Assessment,
2007, 134(1/3): 411-419. [9] Turner B L. Local faces, global flows: The role
of land use and land cover in global environmental change. Land Degradation
& Rehabilitation, 1994, 5(2): 71-78. [10] Hughey K F, Cullen R, Kerr G N,
Cook A J. Application of the pressure-state-response framework to perceptions
reporting of the state of the New Zealand environment. Journal of Environmen-
tal Management, 2004, 70(1): 85-93. [11] Sun L Y, Liu Z J, Zheng M G, Cai Q
G, Fang H'Y. Temporal variations of ecological security with soil and water loss
stress in black soil region of northeast China: A case study on Baiquan County.
SpringerPlus, 2013, 2(S1): S6. [12] Liu D, Chang Q. Ecological security research
progress in China. Acta Ecologica Sinica, 2015, 35(5): 111-121. [13] Xu X B,
Yang G S, Tan Y, Zhuang Q L, Li H P, Wan R R, Su W Z, Zhang J. Eco-
logical risk assessment of ecosystem services in the Taihu Lake Basin of China
from 1985 to 2020. Science of the Total Environment, 2016, 554-555: 7-16. [14]
Zhang J S, Gao J Q. Lake ecological security assessment based on SSWSSSC
framework from 2005 to 2013 in an interior lake basin, China. Environmental
Earth Sciences, 2016, 75: 888. [15] Li X B, Tian M R, Wang H, Wang H, Yu J J.
Development of an ecological security evaluation method based on the ecological
footprint and application to a typical steppe region in China. Ecological Indica-
tors, 2014, 39: 153-159. [16] Wang G, Liu Y S. Dynamic early warning research
on ecological security in old industrial base areas based on matter-element anal-
ysis model. Chinese Journal of Agricultural Engineering, 2012, 28(5): 260-266.
[17] Zhang F, Cao L, Wang J, Yang S T. Application of entropy-weight fuzzy
matter-element model in land ecological security evaluation: A case study of
Jilin Province. Acta Ecologica Sinica, 2014, 34(16): 4720-4733. [18] Li X B,
Tian M R, Wang H, Wang H, Yu J J. Development of an ecological security
evaluation method based on the ecological footprint and application to a typi-
cal steppe region in China. Ecological Indicators, 2014, 39: 153-159. [19] Zhou

chinarxiv.org/items/chinaxiv-201711.00115 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00115

ChinaRxiv [$X]

KH,LiuY L, Tan R H, Song Y. Urban dynamics, landscape ecological security,
and policy implications: A case study from the Wuhan area of central China.
Cities, 2014, 41: 141-153. [20] Wang H W, Yang S T, Tashpolat T. Analysis of
ecological carrying capacity in the Keriya River Oasis at township scale. Arid
Land Resources and Environment, 2015, 29(10): 48-55. [21] Meng J J, Yang S
T, Tashpolat T. Land ecological security change in Ordos City based on land-
scape patterns. Journal of Natural Resources, 2011, 26(4): 578-590. [22] Zhang
F, Cao L, Wang J, Yang S T. Spatiotemporal variation of landscape patterns
and ecological security evaluation in the Ebinur Lake Basin of arid inland areas.
Bulletin of Soil and Water Conservation, 2015, 35(3): 253-259. [23] Wang G,
Liu J, Qiao X N, Liu Y S. Spatial-temporal differentiation analysis of landscape
ecological security in modern agricultural areas of Sanjiang Plain. Chinese Jour-
nal of Agricultural Engineering, 2016, 32(8): 259-267. [24] Wang G, Liu Y S.
Ecological security measurement and evolution in coastal areas: A case study
of Wafangdian, Dalian. Acta Ecologica Sinica, 2015, 35(3): 670-677. [25] Wang
G, Liu Y S. Cultivated land landscape ecological security evaluation method
and its application. Chinese Journal of Agricultural Engineering, 2014, 30(9):
212-219. [26] Wang G, Liu Y S. Wetland ecological security evaluation and early
warning research in the Tumen River Basin based on 3S technology. Acta Eco-
logica Sinica, 2014, 34(6): 1379-1390. [27] Wang G, Liu Y S. Land use change
and ecological security research in Jining City. Acta Ecologica Sinica, 2012,
32(8): 928-935. [28] Han B L, Liu H X, Wang R S. Urban ecological security
assessment for cities in the Beijing-Tianjin-Hebei metropolitan region based on
fuzzy and entropy methods. Ecological Modelling, 2015, 318: 217-225. [29]
Wang G, Liu Y S. Spatiotemporal changes of landscape ecological security in
the Bailong River Basin based on the P-S-R model. Acta Ecologica Sinica, 2015,
35(6): 790-797. [30] Wang G, Liu Y S. Landscape ecological risk assessment and
ecological security pattern optimization in the Shule River Basin. Chinese Jour-
nal of Ecology, 2016, 35(3): 791-799. [31] Wang G, Liu Y S. Ecological security
early warning measurement and spatiotemporal pattern in Shandong Province.
Acta Ecologica Sinica, 2015, 35(11): 166-171. [32] Wang G, Liu Y S. Township
spatial function zoning for economic coordination development. Resources and
Environment in the Yangtze Basin, 2016, 25(3): 375-386. [33] Wang G, Liu Y
S. Ecological environment quality evaluation in the Ebinur Lake Basin. Arid
Land Resources and Environment, 2007, 21(5): 63-67. [34] Wang G, Liu Y S.
Impact of different radiometric correction methods on land cover remote sensing
classification using Landsat TM data. Journal of Remote Sensing, 2005, 9(4):
405-412. [35] Wang G, Liu Y S. Decision tree classification method and applica-
tion based on Landsat TM and MODIS data. Journal of Remote Sensing, 2014,
18(2): 320-334. [36] Wang H, Long H L, Li X B, Yu F. Evaluation of changes
in ecological security in China’ s Qinghai Lake Basin from 2000 to 2013 and
the relationship to land use and climate change. Environmental Earth Sciences,
2014, 72(2): 341-354. [37] Wang G, Liu Y S. Cultivated land pressure research
in the Three Gorges Reservoir area: A case study of 28 townships. Chinese
Journal of Agricultural Engineering, 2014, 36(7): 1365-1373. [38] Wang G, Liu
Y S. Township land ecological suitability evaluation: A case study of Makou

chinarxiv.org/items/chinaxiv-201711.00115 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00115

ChinaRxiv [$X]

Town. Territory & Natural Resources Study, 2013, (4): 60-62. [39] Wang G,
Liu Y S. Comprehensive evaluation model for county-level ecological environ-
ment quality: A case study of Huidong County. Chinese Journal of Ecology,
2013, 32(3): 719-725. [40] Wang G, Liu Y S. Ecological security evaluation of
the Dongyang River Basin based on the P-S-R model. Resources and Environ-
ment in the Yangtze Basin, 2014, 36(8): 1702-1711. [41] Wang G, Liu Y S.
GIS-Markov model for spatiotemporal evolution of regional ecological security:
A case study of Ganjingzi District, Dalian. Acta Ecologica Sinica, 2013, 33(8):
957-964. [42] Wang G, Liu Y S. Landscape ecological security spatiotemporal
changes in the Bailong River Basin based on the P-S-R model. Acta Ecologica
Sinica, 2015, 35(6): 790-797.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201711.00115 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00115

	Evaluation of Spatiotemporal Patterns of Land Ecological Security at the Township Scale: A Case Study of Bortala Mongol Autonomous Prefecture (postprint)
	Abstract
	Full Text
	Preamble
	Abstract
	1. Study Area Overview
	2. Data Sources
	3. Digital Image Data Preprocessing
	3.1 Remote Sensing Image Preprocessing and Classification

	4. Evaluation Indicator Standardization
	4.1 Evaluation Units
	4.2 Indicator System and Weights
	4.3 Indicator Definitions and Standardization

	5. Land Ecological Security Model
	5.1 Evaluation Criteria

	6. Spatial Autocorrelation Analysis
	6.1 Global Spatial Autocorrelation
	6.2 Local Spatial Autocorrelation

	7. Results
	7.1 Structural Characteristics of Bortala’s Land Ecological Security
	7.2 Spatiotemporal Patterns of Bortala’s Land Ecological Security

	8. Discussion
	9. Conclusions
	Acknowledgments
	References


