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Abstract: The Yushen mining area in northern Shaanxi is an important coal production base in China with a fragile
ecological environment. It is of great significance to analyze the influence of coal mining on the stability of the regional
ecosystem for the ecological restoration of the mining area. This study takes the watershed where Yushen mining area is
located as the study area. Based on the distribution pattern of land use in the past 10 years, the direct and indirect
influenced areas of industrial and mining activities have been determined, and the evolution characteristics of different
impact areas of coal mining activities have been analyzed. By selecting the key indicators of the ecological environment in
the study area, establishing an ecological elasticity index system, combined with the spatial principal component analysis
method, comprehensively evaluates the spatial and temporal evolution characteristics of the ecological system elasticity in

the study area, and analyzes the impact of industrial and mining activities on the ecological system elasticity in the study
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area. The results show that (1) the spatial pattern of land use in the study area has undergone great changes in the past 10
years, the ecological environment has improved significantly, and the city has undergone further expansion. Among them,
the area of forestland and grassland has increased significantly, and the industrial and mining land has increased from 8.4
km’ to 14.2 km®. (2) The resilience of the ecosystem in the study area showed an increasing trend as a whole, but the local
fluctuations were large, mainly affected by the two indicators of vegetation coverage and groundwater runoff. From 2009 to
2015, the ecological resilience of the areas directly and indirectly affected by coal development showed a decreasing trend.
In comparison, the ecological resilience of different areas affected by coal development increased significantly in 2018. (3)
The geological environmental problems caused by coal mining activities have degraded the ecological environment of the
mining area, resulting in the ecological resilience of the areas directly influenced by coal development being lower than that
of the indirect influenced areas, with an average of 9.23% lower. Therefore, timely restoration and control measures to
reduce the geological environmental problems caused by coal development are of vital importance to improve the ecological
environment of the mining area. The results of this study can provide a scientific basis for optimizing the ecological pattern of
the mining area, as well as the ecological protection management and healthy and sustainable development of the mining

area.
Key Words: Yushen mining area; land use; ecological resilience; principal component analysis; spatiotemporal evolution
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Table 1 Ecological resilience evaluation indicator system
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Table 2 Evaluation of runoff simulation results at Gaojiachuan and Shenjiawan hydrological stations

IR 3k IR 3L

Hydrological A Period R? PBIAS/% || Hydrological I3 Period R? PBIAS/ %

stations stations

EBFEN HEW (1960—1974) 0.71 -2.60 RIS HEW (1960—1970) 0.58 3.19
IAEH (1975—1989) 0.66 16.05 KAE] (1970—1980) 0.59 8.92

R? . Y€ 24K The coefficient of determination ; PBIAS ; E 5 AR 25 The percentage bias
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Table 3 Land use area transfer matrix of study area from 2009 to 2018

+ b H Hi b b L A K35k KA Lo HH 2009 45 SR
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A FIHIHL Unused land 115 88 1128 112 4.5 1871 3.4 3321.9
T8 FH Mining land 0.1 1 0.6 2.3 1 0.7 2.7 8.4
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Table 4 Surface runoff of different land uses
HhA Hh A
LA 2009 4 20124F  20154F 2018 4F LA 2009 4F 2012 4F 2015 4F 2018 4
Land use Land use
#EH Cropland 15.38 46.77 12.51 72.87 || E#HHL Urban land 48.69 70.77 28.50 104.13
Mt Forestland 14.37 36.95 11.98 58.54 T FHHh Mining land 35.46 62.50 24.50 77.73
HH Grassland 15.67 36.74 12.94 59.07
x5 ZTEEBSITHEEHSFEE LERNE
Table 5 Percent and accumulative eigenvalues
P FE A 5r— First principal component F 45— Second principal component
Vear R PHEIL R A P i
Eigenvalues Ratio of eigenvalues Weights Eigenvalues Ratio of eigenvalues Weights
2009 0.05 0.60 0.70 0.02 0.26 0.30
2010 0.08 0.68 0.78 0.02 0.19 0.22
2011 0.07 0.66 0.77 0.02 0.20 0.23
2012 0.04 0.55 0.68 0.02 0.26 0.32
2013 0.12 0.72 0.8 0.03 0.18 0.20
2014 0.10 0.75 0.83 0.02 0.15 0.17
2015 0.04 0.63 0.72 0.01 0.24 0.28
2016 0.12 0.72 0.82 0.03 0.16 0.18
2017 0.17 0.74 0.80 0.04 0.18 0.20
2018 0.10 0.70 0.82 0.02 0.15 0.18
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