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Abstract

Ulanqab City is located in an important section of the northern ecological security barrier and lies
within a typical agro-pastoral ecotone. Its ecological environment is generally fragile, with pro-
nounced wind erosion and localized risks of soil erosion in mountainous and hilly areas, creating
an urgent need for territorial spatial ecological restoration. From the perspective of ecological se-
curity patterns, this study established a framework integrating ecosystem service assessment, eco-
logical source identification, integrated ecological resistance surface construction, ecological corri-
dor extraction, ecological key bottleneck area identification, ecological restoration zoning, and val-
idation of typical areas. The RUSLE model was used to assess soil conservation, while a method
based on the RWEQ factor system was applied to characterize windbreak and sand fixation. Based
on the integrated ecosystem service assessment, core ecological sources were corrected using zon-
ing-based identification results from the five northern banners and counties. An integrated ecolog-
ical resistance surface was then constructed, and ecological corridors were extracted using the Min-
imum Cumulative Resistance (MCR) model and Linkage Mapper. Ecological key bottleneck areas
were further identified through kernel density analysis. The results showed that 23 core ecological
source patches were identified, covering 1716.21 km?; 42 ecological corridors were extracted, with
a total length of 1687.66 km; and 10 ecological key bottleneck areas were delineated. The ecological
security pattern of Ulanqgab City is characterized by a distribution of ecological sources with moun-
tainous concentration in the south and local supplementation in the north, as well as a corridor
structure with clear hierarchy, concentration in the central-eastern part, and local extension in the
central-northern part. Based on the spatial differentiation of wind and water erosion, the study area
was divided into three ecological restoration zones: the northern and eastern windbreak and sand
fixation zone, the central corridor improvement and farmland regulation zone, and the southern
and southwestern mountainous water conservation zone. Validation based on high-resolution re-
mote sensing imagery of typical areas further showed that the identified ecological sources, corri-
dors, and ecological key bottleneck areas were generally consistent with actual landscape patterns.
The results provide a reference for optimizing the territorial spatial ecological restoration layout
of Ulanqgab City and offer insights for ecological restoration zoning in similar agro-pastoral ecotone
areas.
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Table 2. Classification and assignment of evaluation factors for the integrated ecological resistance surface in Ulanqgab city
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Figure 1. Spatial distribution of soil conservation in Ulangab city
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Figure 2. Spatial distribution of windbreak and sand fixation in Ulanqgab city
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Figure 3. Spatial distribution of integrated ecosystem service importance in Ulanqab city
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Figure 4. Distribution of core ecological sources in Ulanqab city
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Figure 5. Spatial distribution of the integrated ecological resistance surface in Ulanqab city
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Figure 6. Distribution of ecological corridors and ecological key bottleneck areas in Ulanqab city
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