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The dynamic changes to ecological risk in the loess hilly —gully region and its

terrain gradient analysis: a case study of Mizhi County, Shaanxi Province, China

LIU Di, CHEN Hai" , LIANG Xiaoying, MA Sheng, WANG Jiani
College of Urban and Environmental Science, Northwest University, Xi'an 710127, China

Abstract; The land ecosystem, the area utilized by man for economic gain, is an essential part of the global terrestrial
ecosystem. Anthropogenic changes to land use inevitably result in a variety of changes to the structure and ecological
processes of ecosystems, which result in ecological risks. It is therefore important to quantify and evaluate the ecological
risks driven by many different sources. Ecological risk assessment can provide a strong scientific basis for future research on
the relationship between the ecological environment and anthropogenic effects, especially in the loess hilly-gully region of
Mizhi County, Shaanxi Province, China. Land use data for 2009—2015 showed that seven types of land use can be
categorized in this area; farmland, forest, grassland, orchard, water body, construction land, and wasteland. A 2 kmX2
km grid was established as the auxiliary evaluation unit for this area, and ArcGIS was used as the data integration analysis
platform. The agricultural background and socioeconomic development of the research area were taken into consideration and
the Agricultural Ecological Risk Possibility ( AERP) and Natural-Social Loss Index ( NSLI) were used to construct a
Comprehensive Ecological Risk (CER) evaluation system. The land use change characteristics in the research area were
analyzed quantitatively and maps of comprehensive ecological risk were then generated using spatial interpolation. The
spatial-temporal variation for ecological risk was also investigated. Finally, the relationship between ecological risk and

terrain relief was examined using the terrain distribution index. Several conclusions were drawn from this analysis: 1)
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although land use in the Mizhi area has experienced considerable change, farmland and grassland still accounted for more
than 68% of the land use in this region. However, land use change data showed that there had been a reduction in farmland
and an increase of forest and wasteland. The policy of returning farmland to forest or wasteland, a result of various economic
factors, has led to a significant transformation of farmland to forests. 2) The study area was divided into five ecological risk
classes using the natural breaks method. These were risk region I ( CER < 0.095), risk region II (0.095 < CER <
0.139), risk region III (0.139 < CER < 0.183), risk region IV (0.183 < CER < 0.24), and risk region V (CER >
0.24) . Between 2009 and 2015, the comprehensive ecological risk index increased from 0.1466 to 0.1607, which was an
increase of 9.65%. The ecological risk levels showed a tendency to increase during the study period, which indicated that
ecosystems had become degraded. The ecological risk assessment showed that the comprehensive ecological risk level moved
from the II/1II level to the III /IV level between 2009 and 2015. Spatial differences in comprehensive ecological risk were
also significantly different in the research area. Regions with a higher risk level were mainly located towards the center of the
research region, and are the key areas for ecological restoration and pattern regulation. 3) Ecological risk was closely related
to terrain relief. Regions with lower risk levels were mainly distributed in areas with a higher relief, and vice versa. The
results showed that at risk areas began to move on to the higher relief land during the study period. However, regions with

higher risk levels were mainly concentrated in the lower relief areas.
Key Words: ecological risk; land use; spatial-temporal distribution; terrain relief; Mizhi County
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Fig.1 Location and DEM of the Mizhi County
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Table 1 Changes of land use types from 2009 to 2015 in the Mizhi County
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Year Farmland Orchard Forests Grassland Water body Construction land Wasteland
2009 43.41 12.35 11.01 28.55 0.73 3.17 0.78
2015 40.74 12.38 11.95 28.71 0.77 3.23 2.22
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Fig.2 Spatial distribution of Agricultural Ecological Risk Possibility from 2009 to 2015 in the Mizhi County
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Fig.3 Spatial distribution of Natural-Social Loss Index from 2009 to 2015 in the Mizhi County
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Table 2 Transition matrix of Comprehensive Ecological Risk from 2009 to 2015 in the Mizhi County
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Fig.4 Spatial distribution of Comprehensive Ecological Risk from 2009 to 2015 in the Mizhi County
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Table 3 The distribution relationship between comprehensive ecological risk and terrain relief

A SRR S5 4% 1 2 3 4 5
Ecological risk grades (0.01—1.41 m) (1.42—4.37 m) (4.38—8.38 m)  (8.39—14.49 m)  (14.5—44.32 m)
1 2009 4F 0.92 0.97 1.00 1.05 1.07

2015 4F 0.92 0.98 0.99 1.04 1.04
i} 2009 4F 0.96 1.01 1.01 1.03 1.06
2015 4 0.98 1.00 1.01 1.06 1.11
11 2009 4F 1.03 0.99 0.99 0.98 0.97
2015 4F 0.97 1.01 1.01 1.00 1.00
v 2009 4F 1.11 0.98 0.98 0.91 0.87
2015 4 1.14 0.98 0.99 0.96 0.96
v 2009 4 1.03 1.01 1.01 0.99 0.93
2015 4F 1.06 0.99 0.99 0.95 0.86
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