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Fig. 1 Overview of the study area
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Tab.1 B value under different combinations of land use types and different vegetation cover

AN R 55 B (%) s HH BT Bt Hi
0~20 0.100 0.450
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7% F Landsat £ 371 38 852 1% JE A7 A1 FH 28 A 35, SR BRI A8 T 42509 g e o
(11) F1E20104F ., 20154 F20204F R I 25 (FVC), AT .

M J, N D

FVC,\=| D2/ Tx FVC > j 2 /Tx FVC,+ > j 2/ IXFVCy | /> 2/ (11)
i=0 i=4 i=J, i=J
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Tab. 2 T values under different slope conditions
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Fig. 2 Distribution of K, LS and T factors in the Wangmaogou watershed from 2010 to 2020
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Fig. 3 Distribution of R, B and E factors in the Wangmaogou watershed from 2010 to 2020
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Tab. 3 Variations in the area of different types of
terraced fields in the Wangmaogou watershed

T I 1A R (hm®) 20104F 20154F 2020 4F
KR H 27.78 20.04 14.60

=0 85.04 121.43 123.32
it 112.83 141.47 137.93
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Fig. 4 Land use types of the Wangmaogou watershed from 2010 to 2020
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Fig. 5 Land use/cover change in the Wangmaogou watershed from 2010 to 2020
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Fig. 6 Distribution of soil erosion intensity for the Wangmaogou watershed from 2010 to 2020
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T (F4) . 20104 F12020 4 4= pafe BE A5 7™ 8, I 24ROl oy R AR TR AR 1k, 29 331 o
20.09% F121.99%, oAl 47 1o B S8 205 b o #4945 20154F R ph F2 B %, DA
(38.66%) . ¥ (17.62%) FIFFE (16.09%) +HEEMEZL, B HEEM S LD,
10 49.40% 20154 4H LL20104F fU B - 498 4= b T ARG T 42.93 hm®, i) Z1 4= B 4% o 1 AR ik
/259,85 hm'; 2015—20204F {8 B -1 198 45 o 77 L4 74.07 han?, B 510 £ 198453 o i 5L 49
70.47 hm*, AR 1l B 2SR BEAH T A0 4= 1 S AR 1) A2 4k

A AR HOr B R R AT IR (3R5), 2010—20204F60.44% )13 R 1l 55 4%
H161.65% 1 I ZUR I AT o As . B2 (70.93%) . T (76.45%) ., 5851 (85.22%)
PR ZL (72.05%) RUMAFHAE SR, HH116.20% F112.72% 1Y fHURE A= 4t ) 52 B R0 v
RIMFEFS, 19.78%F19.45% A Jll AR fokt 1] B 5 B0 A ZUAR PG RS, ph R0 N2 38 1w ) 271
T ARk A R Bl SR 2. 75% 17 .24% ,  H I Z R B A B 3 fURE - Rk

Fz4 20102020 E X KARB LEEM S LER L

Tab. 4 Proportion of soil erosion classification area in the Wangmaogou watershed from 2010 to 2020

P 20104F 20154F 2020 4F

TR (hm®) A1 (%) 1A (hm?) 1 (%) TR (hm?) A1 (%)
f 173.34 30.98 216.27 38.66 142.20 25.42
R 84.51 15.11 98.55 17.62 81.27 14.53
s 74.52 13.32 90.00 16.09 76.86 13.74
el 58.95 10.54 46.44 8.30 57.87 10.34
Liaiedl 55.71 9.96 55.62 9.94 78.21 13.98
JEZs 112.41 20.09 52.56 9.40 123.03 21.99

Mt 559.44 100.00 559.44 100.00 559.44 100.00
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Tab. 5 Transfer matrix of soil erosion classification area for the Wangmaogou watershed from 2010 to 2020 (hm®)

(CE TRRE RRE iz el g el 20104F it
W 104.76 28.08 22.05 7.47 6.21 477 173.34
R 19.17 24.57 13.41 10.62 10.62 6.12 84.51
ez 11.34 11.34 17.55 10.08 13.86 10.35 74.52
il 3.42 10.35 9.45 11.07 9.72 14.94 58.95
liaiedl 1.98 4.41 8.19 8.01 15.57 17.55 55.71
JEN 1.53 2.52 6.21 10.62 22.23 69.30 112.41
2020 4F 231 142.20 81.27 76.86 57.87 78.21 123.03 559.44
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BRI R, 439 R13.69 t hm™ a ' F112.99 t hm™ a™', /b 7 2 570 FH Hb 4 34 {8 5%
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P A3 FH 202048 19 4% Bl A i 511201 04F 112,891
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Fig. 7 Changes in soil erosion modulus of different land use types in the Wangmaogou watershed from 2010 to 2020
XoF TV U S b R T2 R A AN R AR ok A i AR E AT e (3R6), 1E20104FF
20207 5l B A% 5k 2R 2 4R Pl AR o B R 3K 48.27% H146.57% , {H £E20 1 54F- RE ML ) 45 47
AR 2], WO AR PUAOR s AR LR3I v o S 4R i B B AR A Y o L S
BB, EL R AR B AR kAN 23] MO TR 61.81% . 71.85%157.93%, {2
ARGERLF s BRI R IR, 20104F 5201 SAERUE R MR 2, 435 S #H
TA34.88%F127.07%, 20204FFEARIMAG 5 HIFAR, (Uh16.83%, SULFEmT, i
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Tab. 6 Areas of different erosion classification for various land use types in the Wangmaogou watershed
from 2010 to 2020 (hm®)
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Spatial-temporal evolution of soil erosion in a typical watershed
of the Loess Plateau
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Abstract: Soil erosion is influenced by various factors, such as land use and climate change.
The Wangmaogou watershed, as a typical area for soil and water conservation in the hilly and
gully regions of the Loess Plateau, has implemented a series of measures since the 20th century,
including the Grain for Green Project. This study evaluated the spatial and temporal evolution
characteristics of soil erosion intensity in the watershed in the years of 2010, 2015, and 2020
using the CSLE model. It also studied the situation of land use/cover change (LUCC) to
analyze the spatial distribution patterns of land use and the responses of soil erosion in different
time periods, thereby verifying the effectiveness of the soil and water conservation measures.
The results revealed that from 2010 to 2020, the annual average soil erosion modulus in the
study area decreased by 0.11 t hm™ a”, indicating a slight improvement in overall soil erosion
conditions. However, the proportion of slight erosion decreased by 5.56%, while severe erosion
increased by 4.02%, with the higher erosion zone mainly distributed in the northern, central,
and northwestern parts of the watershed. Compared to the year 2010, soil erosion conditions in
the watershed were greatly relieved in 2015 due to the decrease of rainfall and restoration of
vegetation, but rebounded in 2020 resulting from the extreme rainfall events and declining
vegetation cover quality. From 2010 to 2020, there were significant conversions between
grassland and farmland in the northern and northeastern parts of the watershed. The decline in
grassland quality resulted in a higher average soil erosion modulus compared to farmland, at
13.69 thm™ a™' and 12.99 t hm™ a™', respectively. This study would contribute to figuring out the
relationship between soil erosion in typical small watersheds of the Loess Plateau, extreme climatic
events, and land use changes, providing scientific data support for future efforts to improve soil
and water conservation benefits and mitigate soil erosion risks.

Keywords: soil erosion; CSLE model; LUCC; Loess Plateau



