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Abstract: Soil erosion, as a global ecological and environmental issue, severely threatens soil productivity and ecosystem
stability. Investigating its spatiotemporal dynamics and driving mechanisms holds significant scientific value for the
sustainable development of ecologically fragile regions. To address the limitations of traditional assessment methods in
capturing dynamic response characteristics and evaluating ecosystem resilience, this study proposed a soil erosion
vulnerability assessment framework based on the " Frequency-Magnitude-Resilience" paradigm. Utilizing multi-source
spatiotemporal data from 1990 to 2022 and integrating the optimal parameter-based geographical detector model, this study
systematically analyzed the evolution of soil erosion and its driving mechanisms in Yunnan Province, a typical ecologically

fragile region. The results indicated that; (1) Mild erosion dominated in Yunnan Province, accounting for over 76.80%,
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with a positive trend of increasing low-intensity erosion and decreasing high-intensity erosion. (2) The spatial differentiation
of soil erosion vulnerability was pronounced, with stable and relatively stable zones dominating (58.21%) , while certain
localized areas exhibited high vulnerability (10.84%). (3) Slope had the strongest explanatory power on the spatial
differentiation of vulnerability (¢=0.2240). (4) The driving mechanisms exhibited a gradient response pattern: soil erosion
in stable and relatively stable zones was primarily regulated by temperature and vegetation cover; in moderately vulnerable
zones, it was jointly driven by vegetation cover and soil organic carbon content; in relatively and extremely vulnerable
zones, precipitation and slope were the dominant factors, with soil properties and vegetation cover playing an increasingly
significant role in extremely vulnerable areas. The " Frequency-Magnitude-Resilience" vulnerability identification method

proposed in this study provided a novel theoretical perspective and technical tool for soil erosion assessment.
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Table 1 Data description
B Data B VR Data source
ASTER GDEM V2 Hi 32 5 = (hitp 2/ www.gscloud.cn)

Landsat 2 7154 (1990—2022 4F) Landsat series data( 1990—2022)
(Landsat 5 TM, Landsat 7 ETM+, Landsat 8 OLL/TIRS, Landsat 9)

H PN, H S Daily precipitation and temperature op B2 B BRI R R 58 EE TG (hitp -/ www.resde.en)

[E P9 AE 7= BME Gross domestic product ( GDP)

AN Population density ( POP)

M B Soil properties data S - SRR (HWSD) (http ://www. fao.org)

+ R HEHE Land use data DK 2EH) CLCD B8 4E (https ; //zenodo. org/ records/5816591)
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Table 2 Verification results of soil erosion modeling in 16 prefectures or cities of Yunnan Province in 2022

M e EEPNE AR 2 M SR R T AR AHXF R 2
Prefectures or Reference Simulated Relative Prefectures or Reference Simulated Relative
cities area/km” area/km? error/ % cities area/km? area/km? error/ %
Rt 5331.08 6381.72 19.71% PHXLRR AN 3619.59 4733.21 30.77%
W3 T 9309.97 10202.45 9.59% peLiLl 7155.05 8139.06 13.75%
s T 7164.71 7921.97 10.57% TN 2118.92 2083.86 -1.65%
ERCSi 3013.26 3012.69 -0.02% [ITRARIH] 5903.38 4590.07 -22.25%
PRl 4626.79 4794.74 3.63% RITHM 4026.93 4990.61 23.93%
HE MM 6130.39 7064.11 15.23% SR 3100.02 2947.51 -4.92%
EARGIE 8640.20 8350.84 -3.35% I v i 6847.36 8124.07 18.65%
palip 11759.89 11575.35 -1.57% &1t Total 97893.55 104928.20 7.19%
SLRIA] 9146.01 10015.93 9.51%
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Table 3 Soil erosion intensity classification standard
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Table 4 Slope correction coefficient assignment

Wi Slope 0° <6<8° 8°<h<15° 15° <0<25° 25° <#<35° 35° <0<45° 45° <6<60° =60°
B 1E R %L Correction factor 1 0.8 0.6 0.5 0.4 0.3 0.1
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Table 5 Description of potential predictive factors

R Attribute HF Factor Hifith Code 18 Description
S Climate iR X1 AEEIR IR/ C
Fi7K X2 ARF R R K/ mm
R Vegetation A 5 X3 AR A b T %) 3 BB TR e T XU IR 19 43 L/ %
HiJE Topography =y X4 2R AR AR B/ m
e X5 MR HITCREG MR/ (°)
MR Soil properties hr X6 TP EPRL R %
HRi X7 TS ORRL S R %
Rk X8 YRR R %
A Bk X9 TS E LR 7 %
#4245 Socioeconomics [ A B E X10 WNT A 45515 sh e %
NA%E X11 B+ T AR N A4/ (A /km?)
2 H#REHW

2.1 RIRAR A A AR

HLT RUSLE B8, WSS ALITAl T 1990 4F 2 2022 4F = B4 19 TSR MUR L (181 2)  fi78 T AN IR] 3 4%
R B 440 14 45 ) A R AIE LR TR M 3% 6 R, 75 25 33 AR IR) BBE (R I AR 2 o 4 B Sz,
TR PP IR A 76.80% LA E IF S B8 BT R8BI =, U3 R 0t B ok b g 0 £ 1 BLAE 2022
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B BRSO 3 FLAR fb i B 5 TR 4R Il RBSOMI S AR R £ el 0 (D A4S 40 ) 1 B AR 2002 AR
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Table 6 Area proportion of different soil erosion intensity classifications from 1990 to 2022

E’D}Tﬁ’\g& . 1990 4F 1994 4F 1998 4F 2002 4F 2006 4F 2010 4F 2014 4 2018 4F 2022 4F
Erosion classification

121 No apparent erosion 77.78%  78.69%  78.39%  76.80%  81.46%  78.42%  82.30%  77.34% 82.93%
BRI {21 Slight erosion 13.70%  12.86%  13.51%  14.42%  10.78%  14.20% 9.85%  14.00% 9.03%
HEE {21 Moderate erosion 3.28% 3.38% 3.39% 3.43% 3.34% 3.60% 3.55% 3.41% 3.51%
SRZUZ 0 Intense erosion 2.24% 2.27% 2.13% 2.33% 2.08% 1.84% 2.11% 2.30% 2.24%
PSR ZUZ B Very intense erosion 2.02% 1.95% 1.79% 2.07% 1.67% 1.37% 1.60% 2.02% 1.71%
JIZU4Z 1 Severe erosion 0.98% 0.86% 0.79% 0.95% 0.67% 0.57% 0.59% 0.94% 0.58%
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Fig.2 Spatiotemporal distribution characteristics of different soil erosion intensity classifications from 1990 to 2022
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Fig.3 Spatial distribution characteristics of the three-dimensional indicators of frequency, magnitude, and resilience
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Fig.6 Analysis of the differences in the driving mechanisms of soil erosion in areas with different vulnerability levels
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