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Abstract: [Objective] This study aims to analyze the spatiotemporal evolution patterns and driving mechanisms
of soil erosion, predict erosion trends under multiple scenarios in a river basin, and provide reliable support for soil

erosion prevention and ecological governance decision-making in the Loess Plateau region of western Shanxi.
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[Methods] This study took the Xinshui River Basin, a representative watershed in the Loess Plateau region of
western Shanxi, China, as the study area. Using precipitation, soil properties, digital elevation model (DEM), and
land use data from 1981 to 2019, this study employed the Revised Universal Soil Loss Equation (RUSLE) to
analyze the long-term spatiotemporal evolution characteristics of soil erosion in the river basin. The driving
mechanisms influencing soil erosion changes were assessed, and future soil erosion under different scenarios of land
use, climate change, and vegetation restoration was predicted. [ Results] (1) the long-term average soil erosion
modulus in the Xinshui River Basin was 1 913.31 t/km®, showing a statistically significant decreasing trend over
time. The average values reached 2 346.98 t/km” during the baseline period (1981—2001) and 1 407.36 t/km®
during the change period (2002—2019), with soil erosion intensity spatially increasing from southeast to northwest.
(2> Among different land use types, grassland and cropland were the areas with the most severe soil erosion in the
river basin, and should be prioritized as key targets for soil conservation efforts in the future. (3) Geodetector
analysis revealed NDVI, elevation, and land use type as the primary factors influencing spatial differentiation of
soil erosion modulus. The separation evaluation method indicated that climate change and human activities
contributed —56.51% and 156.51% , respectively, to soil erosion reduction, while the double mass curve method
yielded corresponding contributions of —71.26% and 171.26%. The convergence of both methods robustly
demonstrated that human activities constituted the principal driving factor of soil erosion changes in the river basin.
(4) Future land use change and climate change were projected to exacerbate soil erosion, whereas increased
vegetation cover would mitigate it. Under the combined influence of the three scenarios, soil erosion in most
scenarios was expected to intensify relative to the change period, with soil erosion intensity ranging from 1 329.24
to 1 762.02 t/km*. [Conclusion] The soil erosion modulus in the Xinshui River Basin showed a significant
decreasing trend over the past 40 years. Grassland and cropland are high-risk erosion areas, and human activities
are the main driving factor. Future climate change and land use change may aggravate erosion. Prevention and
control should focus on grassland and cropland by increasing vegetation cover and continuously optimizing land use
and vegetation restoration.
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Table 1 p values of cultivated land across different slope ranges
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Table 2 Prediction scenarios of future soil erosion in Xinshui River Basin
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Fig. 5 Interannual variation patterns of soil erosion
modulus in Xinshui River Basin
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Fig. 6 Cumulative anomaly values of soil erosion
modulus in Xinshui River Basin
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Fig. 7 Spatial distribution of soil erosion intensity in
baseline and change periods of Xinshui River Basin
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Table 3 Soil erosion modulus and erosion amount of different land use types in baseline and

change periods of Xinshui River Basin

4 Hb A 1] FR + B R A R/ TR
KA Bk /km® /% (tekm™?) Bkt /10t /%
it 1017.61 23.97 2426.88 246.96 23.37
b 1249.23 29.43 742.36 92.74 8.78
F 2039.76 48.06 2358.49 481.08 45.53
IR 7.56 0.18 1461.65 1.10 0.10

33 RELTEEMMNEMEERTMESN

Hiy I g 0 BRI 2 R 4 TR o FE
1980 4F, 45 P - Xf 4 HE A= 1l A5 4 2 [ 43 57 5% i) e K
19 ND VI, H R hy 4F [ B 4K L 4 Bl R 2780
b ORL & A5 7E 1990 4, 5% m ) de K B 2
NDVI, H R Sy A+ R 2880 g4k 0k & f ARy
T AE 2000 4 52 7 fe K RO TR, HOE +
H A 2 ND VI EP R & 8 FURY R 5 7 2010 4F
S 7 F5e K IR S R 2T RO R
NDVI B A & &t FEb KL & 6 5 78 2018 4F 52w J) e K
F DR S 9, LR R R L R 2R b
B ERER R, UL SSRGS R, R+
12 B 2 8] 43 S 19 2 22 R ND V30 + 1
I 28 B0 25 T 4 m X

FE UL SE A b, X I A 4R ik AR Ak HE AT DTk R
GYHT R 5 A3 BV R a5 R R AR L R A2
{7 26 0/ IN W 7K S 3 4 A ol 1 BT Rk R 43 S Oy
—56.51% M1156.51% . SREFMAL LG REKH, A
JEE SR - AR AR AR 1 BTER 5 LSl 171.26 6, T R

TRk - S AR b AR A B TTRK o5 L -71.26 000 i ]
W, R O7 1k ISR AS SR BN — B HR BN T,
PRLIHE AT LA S N 2055 5l o I AR B 7K 9T 3 Ja 4 38 =2 o
1 BEERB R
T4 WTAGHRISAE FE R ERNENEFIRUgE
Table 4 Factor detection ¢ values of geodetector in typical
years of Xinshui River Basin

HF/4E4y  19804F 19904F 20004F 20104F 20184F

T HE R 2SR 0.042  0.037  0.033  0.036 0.013
A T 0.048 0.024 0.013 0.012 0.003

NDVI 0.091  0.084 0.033 0.023  0.006
53] 0.006  0.005 0.002 0.001  0.002
573 0.048 0.037 0.034 0.029 0.020

bk 75 ik 0.024 0.025 0.020 0.018 0.012
Bk 0.024 0.025 0.019 0.018 0.013
Bk i 0.013  0.016 0.013 0.015 0.010
HHUBS® 0.017  0.019  0.010 0.010  0.008

GDP 0.001  0.001  0.001  0.001 0.001
UNEE:T) S 0.001  0.001  0.001 0.001 0.001
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Table 5 Impacts of climate change and human activities on soil erosion in river basin

ik i%@@&ﬁ%/ Wik 7K i A1 A5 1k N ZE3 2y it B A2 1k
(tekm ) AR/ (te km™?) Tk /% A/ (te km™?) TR 7 L/ %
O3 BV 939,62 530.95 —56.51 —1470.57 156.51
W R LRk 669.57 —71.26 —1609.19 171.26
34 REKITEBEEMHETN Bl R 52 F0 Mg S AR S, Rl T RUSLE #8244 i
341 Kok A RFAA N A 2018 4F A H A 2040 4F I WA A 5T 19 IR peR G (BT 8, R D),

FA &5 5 52 PR ) 2018 4F 4 M I 2E 47 X e 56 0E |, 75
F| Kappa {d }y 0.924 8, 3 B iz A5 0, 25 S 7 I A J3E 48
1o, A RAXT 2040 4F A= 3 A FH AR B0 47BN B 2040
AF A M FOICR 0 WL 6. 45 SRR, ROk 2040 4F
Tt TRt R 5 P T BB AT T N T bR M
K S TR g S s

F6 20184 2040 £ I8 0 F AR

Table 6 Land use composition of river basin in

16 MG =B E TRERM., EHR 1T, %R
PHAELEL R 1 506.57 t/km”, ML TAE4L ), B = T +
BEAZ I T 7.05% , 0T LA H R Sk A AR ik 2
SIS RGN, TS R 2, 3,4 1 R DR EL
AL T AR, 2 B T 2.72%,8.15% #112.78 %,
FLAE A A5 AN AR B 0 F A8 9k ik 52 A b vy
S8 {2 b SRR R /N B R B B 26 A 8 i X 4 B 4R
TR B TR R SEE R . 1 525,670 L4

2018 and 2040 f= ol A5 B M B T AR AR BT, 43 i g i T 36.98%,
Oy B Mmoo KB @M 17.05% #141.20% , HAE Ho Al 2 F AR R B0 T L B
2018 940.52 122551 2110.38  4.19 37.04 KAk L R 1 - S 52 o A K A R R
2040 1074.15 1110.00 2081.26  4.01 46.23 BRASRURETREN. = 3HNLXFEW
T, 28018 50 AR PR X T AR A B 2 T+ 4
3.4.2 XEBARFM LR FETARE LA R0ERE SRR 1 329.24~1 762.02 t/km’,
£7 ERAAREREI6HES THTESMEY
Table 7 Soil erosion modulus under 16 future scenarios in Xinshui River Basin
e e 1% 5% R/ (L km ?)
1 b ) 2 A A R R AN A SR A 1506.57
2 - M 2 AU AR 5 AR B AT+ AN 1369.03
3 A bR P 28 BN AR A b BEAE R O+ AR 1292.61
4 - bR 2 TS A 2 B RO+ SRS 1227.56
5 A Hb A FH 28 R AE R WK B R A8 + RCP2.6 1927.86
6 - Hb R 2 AR AR A K A AE -+ RCP4.5 1647.38
7 - Hb R 2 RN A+ A K A4S+ RCP8.5 1987.16
8 - Hb R P 28 A Ak - 4R BE A PR 2 + RCP2.6 1709.43
9 - bR 2 B A A+ B BB+ RCP4.5 1460.74
10 - bR T2 RS b+ 5 B AL B S + RCP8.S 1762.02
11 TR 2 RS b+ P A B ST+ RCP2.6 1626.73
12 - bR P 28 B A Ak A+ b BEAE YK 2+ RCP4.5 1390.07
13 - R 28 80 Ak - b BEAE PR 2+ RCPS.5 1676.77
14 - Hb R 2 B Ak + 5 BE ALK S+ RCP2.6 1555.54
15 A R 2 RS AL+ 5 BRI T + RCP4.5 1329.24
16 e Hb 2 RS b+ A B O+ RCP8.S 1603.39
4 W 1913.31 t/km?, J& T4 [ (2 ltsi [, H 52 BT R

41 TEEMERIFEHEITESH
AR RUSLE B PEAE T W 7K ] i 48 1981—
2019 4FE ) MR PR I, 2 4F 3 + R ph B

o EAP R, 3 T B o o 2 B 5
% EL ) 0 0245 5 o T B 2%
TR A 0 4 A 5 2 5
AR FEUG LI A IR B o 9
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T 2 AR T 3 L R B R 43 ) Ry 2 781.74 t/km?,
2 438.98 t/km?, 3 543.7 t/km?, 3% 5 A SCAH N B B Ay
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2 o 5 N R (1990—2010) F FE 0] 7 B
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Fig. 8 Prediction of soil erosion intensity under two typical
future scenarios in river basin
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