% 33 B 2 W K EARFEF S Vol.33, No.2
2026 4 4 A Research of Soil and Water Conservation Apr., 2026

DOT:10.13869/j.cnki.rswc.2026.02.045 CSTR:32311.14.rswc.2026.02.045
BB de, A4, RAEH, 5 ST UAV B B9 50 AR iE 2 VML DX/ S0K b 8 5 4 it 2 (] 8 A B B BOm b s D e (7). K R BRESIESE
2026,33(2):24-34.

Chen Xinjia, Fu Jinxia, Wu Chuyu, et al. Spatial optimization of soil and water conservation measures and sediment reduction potential in small
watersheds of rich and coarse sediment area in middle reaches of Yellow River based on UAV data[J]. Research of Soil and Water Conservation,

2026,33(2):24-34.

SET UAV B i 35300 v 5 2 P HLPD DX/ i bk
Kb PR 7 0 PR B O 5 ) W 5

REE, e E, REW, % A, TX#, HEW

(PEAL A bR R 2 BEIRIR S B, BRPY 4 712100)

= [BM] 0ok B s T 5 b i 22 v v X/ - R R, 48 oK A CR RS 2 RO AR &
/NG AR IR S . [AE] DI i 2 VM7 X34 LR/ G Qg 38 7 K0 X IE I R D
RWFFE X, H TN 2023 4 JE AMLIESHZ AR 2 0140 \DSM K L K 4 39 B A1 SR BEROHE 45, B RUSLE A8 |
et 2 B BB 2 R G LS 2 AR 3T 34~ /N Ui 3ok 442 ol 25 1) 28 SRR AE S HCBR 8 IR 325 4 o A 2 3 (P VOO 2 T
FRSE A N (<65 %) T+ 10 % ~35%6 LA KA I 4t 300 25 (8] ff A0 T 75 5 58, 20 T Ay B — 7K b PR Bt AN 2 45 it 4 &
Bl B 5 T v . DR (1) 34 /NI 2023 4F A+ 547 ih 35 LU R 5 42 0d ol 3 (SR 20 &% DAL 43 ik T AR
A7 HTE 11.69%0~15.65% , 7K £ R 53R A T 45.83%~65.32% . (2) 3 FE . - Hb A FH AR B 7 36 13 2 4 198 (2 1ok 45 ) A5 S
W3 T2, B S R F 28 BV A AR Gt R SR AR e o 183 L (3D /NI K (R R R e TR A R VD A % HE
HEVCHET+ 8 H RN >FVC T+ 8 >FVC IR T+ IR MU >FVC 2 7 > i — TR i . 76 ) R4 B {E X
W EVC T 35% B, 34 /NGO 70 v 11 R 23.74 % ~30.97 % s 7E FVC 2 71 35 % + A [ -+ 58 M HURC B 4% 52 F L 34/
Ui VT 1 K 26.37%6~35.71% . [4510 1 UAV $di$2 7t 1 1 55 4 ol ik 2 SE 3 K L D4 1 i 5 ) 08 A TG 5 o
JE, 34 /0N IR S A A5 ke R Al X2 1R Aot 5 9 0 S B X ok 2 e A A P LA S S R VD IO LR DA R R A
O, TR A b 7 o

KHER UAV R ; RUSLE SR, + 820k 9K B AR 5 /K AR RFR it fL b B & v ik

RESES:S157 XHEkFRIZAD A X EHS :1005-3409(2026)02-0024-11

Spatial optimization of soil and water conservation measures and sediment
reduction potential in small watersheds of rich and coarse sediment
area in middle reaches of Yellow River based on UAYV data

Chen Xinjia, Fu Jinxia, Wu Chuyu, Han Ying, Wang Wenjing, Yang Zhiyin
(College of Natural Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China>

Abstract: [Objective] This study aims to investigate the soil erosion conditions in small watersheds of rich and
coarse sediment area in the middle reaches of the Yellow River using high-precision data, and to propose a spatial
optimization scheme for soil and water conservation measures, providing theoretical references for the
comprehensive management of small watersheds. [ Methods] Three typical small watersheds (Hailesitaigou,
Liudaogou, and Yangjiagou) in the rich and coarse sediment area of the middle reaches of the Yellow River were

selected as the study area. Based on 2023 UAV orthophotos, multispectral data, DSM data, and field soil
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sampling data of the small watersheds, the Revised Universal Soil Loss Equation (RUSLE) model, optimal
parameters-based geodetector, and GIS techniques were used to analyze the spatial variation characteristics of soil
erosion and its key driving factors in the three small watersheds. Schemes for the improvement of fractional
vegetation cover (FVC) by 10%~35% within a sustainable threshold (<Z 65%) and for the spatial optimization
of terraces and check dams were proposed. Subsequently, sediment reduction potential under scenarios of single
and multiple soil and water conservation measures was evaluated. [ Results] (1) In 2023, soil erosion in the three
small watersheds was predominantly very slight and slight erosion, while the proportion of areas with intense or
higher erosion reached 11.69%~15.65%. The soil and water conservation rate ranged from 45.83% to 65.32%.
(2) Slope, land use, and FVC were the dominant drivers of the spatial variation of soil erosion, and the nonlinear
enhancement effect of the interaction between slope and land use was the most significant. (3) The soil and water
conservation measures in the small watersheds ranked in terms of sediment reduction benefits as follows: FVC
increase + terraces + check dams > FVC increase + terraces > FVC increase + check dams > FVC
increase = single engineering measures. When FVC was increased by 35% within the sustainable threshold, the
sediment reduction potential of the three small watersheds was 23.74 % ~30.97%. Under the scenario of 35%
FVC increase + terraces + check dams, the sediment reduction potential in the three small watersheds was
26.37%~35.71%. [Conclusion] UAV data significantly enhance the accuracy of soil erosion intensity
identification and the spatial optimization of soil and water conservation measures. The valley slopes and bare land
areas in the three small watersheds are the key areas for erosion control. The optimization of multiple measures in
the watersheds demonstrates significant sediment reduction effects, but vegetation restoration should be taken as
the core, with engineering measures serving as a supplement.

Keywords: UAV data; RUSLE model; soil erosion; detection of driving factors; optimization of soil and water

conservation measures; sediment reduction potential
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Fig. 1 Geographical locations of study watersheds
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Fig. 4 Spatial distribution patterns and area statistics of soil erosion intensity in three study watersheds
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Table 1 Results of single-factor detection in three study watersheds
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Fig. 5 Results of two-factor interactive detection in three study watersheds
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