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Spatiotemporal evolution and driving mechanisms of ecological environment
quality at Henan section of Yellow River basin

Wang Dongmei, Yang Jian
(Yellow River Conservancy Technical University, Kaifeng, Henan 475004, China)
Abstract: [ Objective ] The spatiotemporal evolution patterns of ecological environment quality at Henan section
of the Yellow River basin from 2013 to 2023 were revealed, and key driving factors were identified, in order to
provide a scientific basis for ecological protection and high-quality development in the region. [ Methods ] Based on
Landsat 8 remote sensing images from four periods (2013, 2017, 2020, and 2023), a remote sensing ecological
index (RSED) was calculated by integrating four indicators: greenness (NDVI) , wetness (WET) , dryness
(NDBSD, and land surface temperature (LST), to systematically evaluate the ecological environment quality of
the study area. Using the GeoDetector method, combined with socioeconomic factors (population density,
nighttime light intensity) and natural factors (precipitation, temperature) , the spatiotemporal differentiation
characteristics of ecological environment quality and their driving mechanisms were quantitatively analyzed.
[Results] From 2013 to 2023, the ecological environment quality in the study area generally exhibited a dynamic
trend of “degradation—improvement—relative stabilization.” Spatially, it showed a pattern of “superior periphery

and inferior center,” with high-value areas concentrated in the western and southern mountainous regions and low -
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value areas distributed in the central urban agglomerations and eastern plain agricultural zones. NDVI was the

dominant influencing factor, and NDBSI was the secondary influencing factor. The interactions among the factors

were primarily characterized by nonlinear enhancement. Socioeconomic factors (population density, nighttime

light intensity) showed a significant negative correlation with RSEI. Among natural factors, precipitation was

positively correlated with RSEI, and temperature was negatively correlated with RSEI. [ Conclusion] Over the

past decade, the ecological environment quality at Henan section of the Yellow River basin has generally and

effectively improved, and RSEI can effectively reflect the spatiotemporal changes in ecological environment

quality in this region.

Keywords: Henan section of Yellow River basin; ecological environment quality; remote sensing ecological

index; GeoDetector
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Table 2 Loadings and contribution rates of first principal
component for different years at Henan section of
Yellow River basin
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section of Yellow River basin
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Table 3 Area of various ecological environment quality grades at Henan section of Yellow River basin

RSEI 20134 2017 4 20204 2023 4F

R 1] 5/ km? Hefl/ % 1] 5/ km? Hefl/ % 1] 5 /km? Hfl/ % 1] 5/ km? e/ %
2 43.48 0.12 50.73 0.14 0 0.00 28.99 0.08
L/E 949.32 2.62 7293.82 20.13 79.71 0.22 808.01 2.23
rp 4 5058.21 13.96 13 109.32 36.18 8225.03 22.70 11 659.97 32.18
R4F 26 798.37 73.96 15 399.28 42.50 26 881.71 74.19 23417.78 64.63
i 3384.22 9.34 380.45 1.05 1047.15 2.89 318.85 0.88
Bt 36 233.60 100.00 36 233.6 100.00 36 233.60 100.00 36 233.60 100.00
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Fig.3 Distribution of RSEI grades at Henan section of Yellow River basin
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Table 4 Classification of grade change and area statistics of ecological

environment quality at Henan section of Yellow River basin

RSEI 2013—2017 4 2017—2020 4 2020—2023 4 2013—2023 4
FRE mR/kmE W/ % EAEUVkmE HB/% @WAUkm®  HB/% @EU/km® HBI/%
A AL 109.81 0.32 0.10 0.00 6.66 0.02 25.36 0.07
BTk 19 748.41 57.62 759.99 2.21 7 688.60 22.36 11717.95 32.34
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12 B ol 3t 2 033.77 5.94 17 697.75 51.36 2518.64 7.33 2775.49 7.66
IR 3.85 0.01 8.53 0.02 0.14 0.00 10.87 0.03
Bt 36 233.60 100.00 36 233.60 100.00 36 233.60 100.00 36 233.60 100.00
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Fig.4 Spatial distribution of RSEI change grades at Henan section of Yellow River basin
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Table 5 Detection results of driving factors of ecological environment quality at Henan section of Yellow River basin

2013 4F 2017 4F

2020 4F 2023 4F

YK T ¢ FHE
q P q P q » q p

NDVI 0.911 0 0.886 0 0.876 0 0.926 0 0.900

WET 0.276 0 0.746 0] 0.490 0 0.805 0 0.579

LST 0.255 0 0.666 0 0.619 0 0.489 0 0.507

NDBSI 0.706 0 0.899 0 0.813 0 0.922 0 0.835
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Fig.5 Interaction detection results of multi-factors at Henan section of Yellow River basin
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Henan section of Yellow River basin
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