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Abstract; [ Objective ] Accurately assessing the ecological and environmental effects of hydropower development in high-altitude,
ecologically sensitive regions is essential for maintaining the ecological security barriers of these areas. Therefore, an improved
Remote Sensing Ecological Index (IRSEI) model is proposed to study the effect of hydropower construction on regional ecological
environment quality in a specific area of the Qinghai-Xizang Plateau. [ Methods | Taking a hydropower station in the Qinghai-
Xizang Plateau as the study object, and considering the fragile soil and complex topography of high-altitude regions, a normalized
difference mountain vegetation index (NDMVI) was established. At the same time, soil erosion modulus was introduced as a soil
erosion indicator. An improved remote sensing ecological index (IRSEI) for high-altitude hydropower development areas was
proposed. The spatiotemporal dynamics of the /RSEI and its driving factors were analyzed using method such as Theil-Sen slope
estimation, Mann-Kendall trend analysis, and Hurst exponent. [ Results]By replacing NDVI with NDMVI and incorporating the
soil erosion indicator, IRSEI was more suitable for ecological quality monitoring in areas with complex topography. The results
showed that hydropower development significantly affected the landscape structure of the basin, particularly grasslands and
forests, leading to a reduction in their area. The average IRSEI value decreased from 0. 53 before hydropower construction to 0. 42
after construction, with the most significant ecological degradation occurring in the second year of construction. During the
operational period, the value increased to 0. 57. The IRSEI grades of forests and grasslands in the basin were mainly excellent
and good, while construction and cultivated land areas were mainly poor and very poor. The future development trend of IRSEI
was expected to stabilize, with more than 60% of the basin area remaining unchanged. The main controlling factors for the spatial
differentiation of /RSEI in the study area were annual precipitation, average annual temperature, NDVI, and land use changes.
[ Conclusion ] During the construction phase, hydropower development significantly affects the landscape pattern and IRSEI of the
study area. During the operation of the hydropower station, the ecological environment of the study area shows an overall positive
change, with ecological deterioration mainly concentrated in urban areas. In the future, it is essential to enhance ecological
restoration in this basin, taking into account human activities and climate change, and ecological protection and restoration efforts
should be carried out. The research findings provide theoretical and data support for implementing targeted ecological protection
and promoting high-quality development in the basin.

Keywords: hydroelectric development; Qinghai-Xizang Plateau; Google Earth Engine ( GEE); improved remote sensing

ecological index; geodetector; Hurst exponent; influencing factors
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Table 1  Calculation formulas for Improved Remote Sensing Ecological Index
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Table 4  Principal component analysis results of IRSEI

Hi—F o PC1 ; o
F b NDMVI WET NDBSI LST SEM HHAE(E LSS
2008 0.413 8 0.529 1 -0.517 9 ~0.468 2 -0.247 8 0.148 8 74.01
2009 0. 460 4 0.503 9 -0.508 6 -0.431 4 -0.298 8 0.154 2 76. 67
2010 0.456 7 0.520 1 -0.524 3 -0.391 6 -0.304 5 0.147 0 78.79
2011 0.492 1 0.505 9 -0.5256 -0.403 9 -0.250 0 0.149 3 72.32
2013 0.475 5 0.509 9 -0.546 9 -0.360 3 -0.291 6 0.153 5 74.18
2014 0.476 6 0.513 5 -0.529 3 -0.300 1 -0.372 9 0.148 8 79.98
2015 0.463 8 0.503 4 -0.533 3 -0.368 7 -0.333 4 0.157 0 75. 67
2016 0.480 1 0.5212 -0.548 2 -0.3279 -0.299 8 0.148 5 74.75
2017 0.468 4 0.503 7 -0.5313 -0.344 2 -0.3552 0.154 0 76. 52
2018 0.430 4 0.5112 -0.5552 -0.3419 -0.358 2 0.148 1 79. 54
2019 0.477 8 0.492 6 -0.530 6 -0.3550 -0.348 5 0.158 3 76.59
2020 0.433 6 0.509 2 -0.528 0 -0.399 6 -0.338 1 0.151 4 71.77
2021 0.468 1 0.502 9 -0.534 3 -0.376 3 -0.317 6 0.158 8 76. 94
2022 0.487 7 0.501 8 -0.5332 -0.3329 -0.339 5 0.159 0 77.08
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Table 5 Principal component analysis results of RSEI

S— s PCI g gk

R NDVI WET NDBSI LST HHE(E Lo
2008 0.520 8 0.493 1 -0.2711 -0.642 0 0.132 1 65.52
2009 0.479 1 0.491 8 -0.409 5 -0.600 8 0.147 4 68. 67
2010 0.3993 0.524 0 -0.4857 -0.574 6 0.1370 66. 65
2011 0.417 9 0.556 0 -0.469 8 -0.543 6 0.140 5 65. 09
2013 0.389 8 0.564 2 -0.528 2 -0.500 7 0.129 5 67.54
2014 0.354 2 0.510 8 -0.5579 -0.549 9 0.097 4 71.21
2015 0.3859 0.57517 -0.482 8 -0.5352 0.126 8 65. 12
2016 0.364 4 0.546 8 -0.534 1 -0.5319 0.107 3 62.72
2017 0.374 1 0.547 5 -0.5220 -0.536 5 0.113 6 65. 40
2018 0.4380 0.623 6 -0.5150 -0.392 5 0.083 1 57.98
2019 0.361 8 0.5735 -0.522 1 -0.517 4 0.136 1 61.17
2020 0.497 6 0.541 6 -0.456 9 -0.500 4 0.093 1 62.98
2021 0.358 5 0.589 8 -0.514 5 -0.508 8 0.128 3 68. 18
2022 0.358 6 0.558 7 -0.550 2 -0.506 5 0.128 0 69. 68
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Fig. 4 Current status of land use
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Table 6 Variation in IRSEI area

At ] %l S AT km? LBl % KA km? L 45l %

Bk AR 2 0.10 0.04 8.55 3.52
% 8.45 3.48

2008—2015 4E N A PRIE 2 228.53 94.03 228.53 94.03
LA §0 5.72 2.35

[ ARG 0.24 0.10 5.96 2.45

Bk AR 0.03 0.01 29.30 12.05
% 29.27 12.04

2015—2020 4F ~ A e R 210. 24 86. 54 210. 24 86. 54
b 3.40 1.40

g i AR 0.01 0.01 3.41 1.41

SE AR 0.00 0. 00 14. 47 5.95
LA 14. 47 5.95

2020—2022 4 N A JoAEAk 152. 30 62. 66 152.30 62. 66
A gf 76.27 31.38

& i ARG 0. 00 0. 00 76.27 31.38
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A
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Fig. 7  Characteristics of IRSEI variation at different stages of hydropower development
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Table 7 Future change trends of IRSEI

BN 3.40 %, FEAMAIEVIICER S HRHIX; T P A L) A %
B AR X N 86. 54 %, B 13.57
K S SE IR FN B AT, BFIE X A2 2SR b WO 19.47
FAAAE 66. 96

BT, Hih 31,38 %Ry X, FEME
FEWFSE DX A R b FUMR b 5 AR AR DX BR A LG 5.95 %, 7
HiE T T SRR X S R R AT
2.6 AEBTMERERRTUBEETN

WF9E X Hurst 38500 0. 103 ~0. 730, ¥4J1# 0. 520,
Hirp 41, 64% B X/ T 0.5, 8. 34% 1 XK T 0.5
[WLIE 8(a) ], A IRSEI #AKFa%E, 66.96% 1 X 15k
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Fig. 8 Hurst exponent of IRSEI in study area and future change trend
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Fig. 11  Correlation coefficients of IRSEI and RSEI with each indicator
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Fig. 12 Variation in each indicator of high-altitude forests
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