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Identification of ecological restoration priority areas based on ecological security

patterns and risk assessment: a case study of Shenmu City
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Abstract: The ecological security pattern is an effective tool for delineating ecological land use and improving and
implementing regional control policies such as ecological function zones and main functional zones in China. It can guide
and restrict the disorderly expansion of cities and human activities by implementing relevant laws and regulations, thus

achieving permanent protection of ecological security at various scales, regardless of national territory, regions, and cities.
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The coal resource development in Shenmu City has resulted in a series of ecological problems. Despite the government’s
implementation of certain measures and their positive outcomes, there remain unresolved issues, including the neglect of
crucial ecological source areas, insufficient comprehension of the consequences of coal mine subsidence caused by energy
transition pressures, and a lack of awareness of ecological restoration. It is urgently needed to optimize the ecological
restoration strategy of Shenmu City more scientifically and reasonably. This study was based on the basic research framework
of “ construction of ecological security pattern-ecological risk assessment-restoration zoning-optimization of management
strategies”. It combined ecosystem service function evaluation with circuit theory methods to construct an ecological security
pattern with the optimal ecological corridor width for Shenmu City. This study encompassed ecological risk assessments to
mine subsidence, landslide, water pollution, surface damage, and land desertification. It employed conflict analysis
techniques to ascertain the nature and intensity of conflicts among crucial ecological components, thereby identifying priority
zones for ecological restoration. The results showed that the ecological security pattern of Shenmu City encompassed 37
ecological sources, covering a patch area of 1139.2km’. Additionally, there were 70 ecological corridors spanning a total
length of 380.0 km, with an optimal corridor width determined by a cumulative resistance threshold of 80000. Furthermore,
the analysis revealed the presence of 28 ecological pinch points, occupying a combined area of 140.4 km®.Dianta Town,
Xisha Street, Jinjie Town, and Sunjiacha Town in Shenmu City were the areas that were most affected by mining activities,
as indicated by their higher or above-average level of ecological risk conflict in the comprehensive evaluation. Based on the
distribution of ecological elements and the level of ecological risks, four restoration zones were identified in Shenmu City,
namely mining restoration zone, desertification prevention zone, comprehensive service zone, and water and soil
conservation zone. This study improved the traditional ecological restoration zoning model, explored a county-level ecological
restoration technical system that integrated “understanding ecological base-identifying restoration space-optimizing protection
measures” , and implemented research in specific township-level administrative areas, thereby making theoretical research
more targeted in guiding county-level ecological restoration and management. At the same time, it can provide reference for
the construction of ecological security patterns and the implementation of ecological restoration strategies for similar resource

development-oriented cities in the middle reaches of the Yellow River region.

Key Words: ecological security pattern; ecological risk assessment; Shenmu City; circuit theory; landscape connectivity
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Fig.1 Schematic diagram of the study area
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Table 2 Setting of threshold values for the area of ecological source patches

TR B A WAL B A A A B TR 5 b — S 2 ki
Minimum ecological Total number of ecological Total area of ecological Difference from the
source area threshold source patches sources previous level

0.00 9790 1,761.90 0.00
0.50 319 1,483.90 278
1.00 173 1,384.70 99.2
1.50 115 1,313.70 71
2.00 85 1,262.50 51.2
2.50 78 1,246.40 16.1
3.00 68 1,219.00 27.4
3.50 60 1,192.60 26.4
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Table 3 Evaluation index system for the comprehensive ecological resistance surface in Shenmu City

et FRL 7 7 FH A1 Resistance assignment &
Type Resistance coefficient 1 2 3 4 35 Weight
AR EF/m 0—1000 1000—1100 1100—1200 1200—1300 >1400 0.13
Ecological PR /(°) 0—s5 5—20 20—35 35—50 >50 0.06
property H—fbipiie% NDVI  0.8—1 0.6—0.8 0.4—0.6 0.2—0.4 0—0.2 0.12
AR TR + b H st K3 it Hhh A FAtbJH b 0.20
Human PE/K RBEES/m 0—500 500—1000 1000—1500 1500—2000 >2000 0.08
interference T8 PR PR S/ m >2000 1500—2000 1000—1500 500—1000 0—500 0.41
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Fig.3 Screening of ecological sources
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Table 4 Principal component load matrix, cumulative contribution rate, and weights

AT EHr PC E
Evaluation factors PC1 PC2 PC3 PC4 PC5S PC6 Weight
72 DEM 0.08366 0.79934 0.27867 0.20567 0.47773 0.07662 0.25
Wi JF Slope 0.01607 0.38731 0.36065 0.00182 0.81987 0.21791 0.23
VA —fbAB 7 35 15 %0 NDVI 0.00674 0.04189 0.05419 0.09824 0.21371 0.96951 0.13
+ A Land use 0.03846 0.11114 0.16812 0.96388 0.15035 0.079 0.04
#E /K B BE B Distance from water 0.27915 0.40674 0.84035 0.13665 0.17696 0.02152 0.14
HE 14 P4 R B9 Distance from road 0.95567 0.1775 0.23428 0.0176 0.00062 0.00042 0.21
FHAF(E Eigenvalue 0.08551 0.04731 0.01984 0.01296 0.0056 0.00278 —
R 49.1423 27.1879 11.4042 7.4509 3.2186 1.5961 —

Accumulated contribution rate
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Fig.4 Minimum cost path
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Fig.7 Schematic diagram of ecological restoration zones and structure
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