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Construction of ecological security pattern and assessment of ecological resilience
based on ecosystem services: a case study of Changsha-Zhuzhou-Xiangtan
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Abstract; Construction of ecological security pattern is of great significance for ensuring regional ecological security and
optimizing the territorial ecological space. Ecological resilience assessment is an important issue for high quality urban
development. Taking Changsha-Zhuzhou-Xiangtan ( CZT) urban agglomeration as the study area, the ecological security

pattern ( ESP) was constructed based on the method of ecological source identification-resistance surface construction-
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ecological corridor extraction. Key ecosystem services such as carbon sequestration and oxygen release, soil conservation,
and water conservation were evaluated to identify the ecological sources. The resistance surfaces were constructed by
integrating natural conditions and human influences. Ecological corridors were identified by using Linkage Mapper tool based
on the least cost path theory. An ecological resilience assessment framework was proposed based on the construction of
ecological security pattern, then the ecological resilience was assessed by using Fragstats and Conefor Sensinode. The results
showed that; (1) There were 55 ecological sources in the CZT urban agglomeration, with a total area of 7747.75 km®,
accounting for 27.58% of the CZT urban agglomeration. The ecological sources were mainly located in the east and south,
and few were in the west. Forest land was the main component of ecological sources. There were 113 ecological corridors
with a total length of 1458.97 km. The length of the ecological corridors ranged from 0.04 km to 102.70 km, and the average
length of the corridors was 12.91 km. Most ecological corridors were distributed in the west of the study area. Few were
distributed in the center of the study area. (2) Combining the ecological sources and ecological corridors, the “one point
and one circle” ecological security pattern of CZT urban agglomeration was constructed. It improved the central area’s
ecological condition of CZT urban agglomeration. (3) The resilience index of 55 ecological sources in the study area ranged
from 0.1265 to 0.4682. The resilience index of the ecological sources was high in the east and south, but low in the west and
north. The resilience index of 113 ecological corridors ranged from 0.0027 to 0.8002. Corridors with high resilience were
mainly distributed in the east and south of the study area, while corridors with low resilience were distributed in the west
and north areas. The resilience index of ecological corridors in the center of the study area was also low. However, these
corridors played an important role in balancing urban development and environmental protection and needed to be protected.
The western and central parts of the study area might become the key areas that affect the ecological security of the CZT
urban agglomeration the most, and should receive special attention in the process of urban planning. The results can help to
optimize urban spatial layout, maintain regional ecological security and promote regional integration development, and

provide new insights for assessing regional ecological resilience.

Key Words: ecological security pattern; ecosystem services; ecological resilience
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Fig.1 Geographical location of the study area
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Table 1 Data sources of the study area
KAl Bl A Holins BRI
Data type Data time Data precision  Data sources
BT R MR Digital elevation model 2020 4F 30m B2 B 2 (http - //www.gscloud.cn)
R 2K Land use type 2020 4F 30m rh E R B BRI SR 5 S TG (hitp ://www.resde.en)
;J\?O ;ffjﬁjifime vogetation index 2020 4F 30m % A A BAE H.0 (http ://www. nesde.org.cn )
B K Slope data 2020 4F 30m [E Z L ER 2GR A R O (http ;. //www. geodata.cn )
- 3EHAE Soil data 2020 4 100m o B2 B B TR B R S B PO (http < //www.resde.en )
GBI Climate data 2020 4 1000m [ G Bk R GRS 10 (hitp : //www. geodata.cn )
W IAITYEEE Nighttime light data 2020 4 1000m Harvard Dataverse ( http ://dataverse. harvard. edu)
M EHE Road system data 2020 4F- — Open Street Map “F-£5 (http ; //www.openstreetmap.org )
IKZBHE River system data 2020 4 — Open Street Map -4 (hitp ://www.openstreetmap. org )
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Table 2 Comprehensive resistance surface weighing factor assignment

R B e I % R I
Evaluation factors Weights Range Resistance Evaluation factors Weights Range Resistance
value value
v m e 0.1380 <400m 10 A — LA B B 0.2561 >0.8 10
Digital elevation 400—800m 20 Normalized difference 0.6—0.8 20
model 800—1200m 40 vegetation index 0.3—0.6 40
1200—1600m 80 0.1—0.3 80
>1600m 100 <0.1 100
AT 0.4778 s K 35K 10 e KA 0.1281 <2° 10
Land use type L 20 Slope data 2°— 6° 20
H it 40 6°— 15° 40
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WZRERM 100 >25° 100
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Table 3 Index system of ecological source and ecological corridor resilience
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Fig.2 The ecosystem services and ecological sources of Changsha-Zhuzhou-Xiangtan urban agglomeration in 2020
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Fig.3 Single-factor resistance surface and comprehensive resistance surface of Changsha-Zhuzhou-Xiangtan urban agglomeration in 2020
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