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Fig.1 Location map of the Middle Reaches of the Yellow River
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Table 1 Ecological resistance coefficients and weights in the Middle Reaches of the Yellow River
FH 3 7 & AE Assignment W
Resistance factor 5 4 3 2 1 weight
SOMZER Landscape type ER A, RA A Hith Hitth it K, 0.19
4 7 55 ¥ Vegetation cover <0.3 [0.3,0.5) [0.5,0.6) [0.6,0.8) >0.8 0.16
#H 7K 5 25 Distance from water source /m =1000 [500, 1000) [200, 500> [100, 200> <100 0.19
H JE B AU B Distance from residential area /m <200 [200, 500) [500, 1000) [1 000, 2 000) =2000 0.10
72 Elevation R E AR s A 5 R RN HIE DY 54 44 34 20 1 0.07

W Slope
+ 321 Soil erosion degree

R B R A A 5 FOF RN HIE DY 54 4. 34 20 1 0.11
MR 8 AR 5 9 5 KPR BN HIBE N 5+ 45 3. 24 1

0.18
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Fig.2 Spatial distribution of ecological sources in the Middle
Reaches of the Yellow River from 2000 to 2020
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Table 2 Statistics on the number and length of ecological
corridors in the Middle Reaches of the Yellow River

A 25 RTE LS IS

FEA Ecological corridors Potential ecological corridors
Year & K HE K

Quantity Length/km Quantity Length/km
2000 96 7632.72 11 1698.19
2005 95 8028.83 12 1148.02
2010 103 765591 12 1404.76
2015 103 7479.69 13 973.12
2020 103 8205.00 15 2062.84
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Fig.3 Spatial distribution of ecological corridors in the Middle
Reaches of the Yellow River from 2000 to 2020
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Spatio-temporal evolution and optimization strategy of ecological security
pattern in the Middle Reaches of the Yellow River of China

WANG Zhenglei' , QIAO Jiajun** , LIU Hailong® , WANG Gaiyan® , FENG Yanwei® , ZHU Qiankun®

(1. Key Laboratory of Geospatial Technology for the Middle and Lower Yellow River Regions, College of Geography and Environmental
Science, Henan University, Kaifeng 475004, China; 2. School of Geographical Sciences, Shanxi Normal University, Taiyuan 030000,
China; 3. Key Laboratory of Regional Sustainable Development Modeling, Institute of Geographic Sciences and
Natural Resources Research, CAS, Beijing 100101, China)

Abstract: The Yellow River Basin is geographically critical to protect the ecological environment in China. But there is a large
demand for agriculture, rapid economy as well as ecological and environmental pressure in the Yellow River Basin, especially
in the Middle Reaches of the Yellow River (MRYR) at present. An ecological security pattern (ESP) is also very urgent to
clarify the ecological bottom line and areas for restoration, in order to maintain a green ecological protection barrier. Taking
MRYR as the study area, this study aims to construct a scientific ESP for the restoration and protection of the ecological
environment. Firstly, the core area was calculated using morphological spatial pattern analysis. The national nature reserve was
also superimposed to screen the ecological sources. Secondly, a comprehensive system was constructed for the resistance
surface indicator. Then the circuit theory model was used to identify the ecological corridors, ecological pinch points, and
barrier areas. The ESP of MRYR was constructed to obtain the dynamic trends and features of ESP from 2000 to 2020. Finally,
some strategies were proposed to optimize the ESP for ecological and environmental protection, according to specific
ecological conditions. The results showed that the number and area of ecological sources remained basically stable. The eastern
basin and mountains were distributed densely, while the western plateau was distributed more sparsely. The number of
ecological corridors evolved from 96 in 2000 to 103 in 2020. There was a dense distribution in the eastern part of the country,
where the mountains were widespread. While in the western part of the country, the ecological corridors were sparse and
spanned longer distances. The area of ecological pinch points remained stable. A slight decreasing trend was observed in the
area of barrier areas. The pinch points and barrier areas were most densely distributed in the connecting area of the source and
the corridor and in the middle of the corridor. The ESP presented a dense spatial pattern in the southeast, while the sparse
spatial pattern in the northwest. Pinch-point protection arcas were changed frequently in the sparse western corridors. The
barrier restoration areas were concentrated in the basins or plains with high human activity intensities. The sparse source-
protected areas required stable "staging areas" to maintain corridor connectivity over long distances. The number and length of
corridors showed an increasing trend. The ESP shared the promising potential during this time. The spatial difference in the
ESN between the eastern and western parts of the MRYR was attributed to the combination of high-intensity human activities
and ecologically sound mountainous areas concentrated in the eastern part of the region, and fragile ecological environments
and irrational development activities in the western part of the region. According to the specific ESP and the actual ecological
situation in the region, some measures were proposed to restore and protect the ecological sources, and corridor elements. The
finding can provide a strong reference to optimize the ESP in MRYR, particularly for the high-quality development of the
ecological environment.

Keywords: ecology; model; security pattern; circuit theory; morphological spatial pattern; spatial and temporal evolution;
Middle Reaches of the Yellow River
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