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Abstract: [Objective] To reveal the spatial and temporal evolution characteristics of soil water erosion in the
middle reaches of the Yellow River in the rich and coarse sediment area from 2000 to 2020, and analyze its
dynamic driving force. [ Methods] Based on the RUSLE model, the annual soil water erosion modulus in the

rich and coarse sediment area was calculated, and the variation characteristics of soil water erosion intensity
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in 2000, 2005, 2010, 2015, and 2020 were analyzed. The spatial-temporal characteristics of soil water erosion
modulus were explored by using the Sen+ MK trend analysis method combined with the Hurst index, and
the factor probing in the parameter-optimal geographical detector with the interactive probing were used to
quantify the explanatory power of six factors, namely average annual precipitation, elevation, slope,
vegetation cover, land use/cover type, and soil type, on the spatial distribution of soil water erosion.
[Results] (1) The area of moderate, intense, extremely intense and severe erosion in the rich and coarse
sediment area decreased by 48.09%, 77.93%, 83.01%, and 36.13% , respectively, and the area of slight and
mild erosion increased by 46.22% and 0.33% ., respectively, in the five periods from 2000 to 2020. At the
present stage, the sandy and coarse sandy area was dominated by slight and mild erosion, and the proportion
of the two was 62.49% and 42.07% respectively. (2) The overall inter-annual change of soil water erosion
modulus in the rich and coarse sediment area showed a fluctuating and significant downward trend, from
2 214.89 t/(km? ¢ a) in 2000 to 1 169.44 t/(km? « a) in 2020. The spatial variation trend of soil water erosion
modulus in the rich and coarse sediment area from 2000 to 2020 was mainly in a decreasing state, accounting
for 76.13% of the total area, and would continue to be in a decreasing state in the future, with an area share
of 62.50%. (3) The explanatory power of the interactions among the six factors was greater than that of
single factor, and it was mainly manifested as nonlinear enhancement and double-factor enhancement; soil
water erosion in the rich and coarse sediment area was dominated by precipitation and land use/cover in
2000—2005, and by vegetation cover and land use/cover in 2010—2020. [ Conclusion ] Soil water erosion
condition in the rich and coarse sediment area will be improved continuously from 2000 to 2020; in the
future, the soil water erosion modulus of 62.50% of the regions will continue to decline or decline in the
future, but there is still a potential risk of increase in 20.44% of the area; the land use/cover pattern has
changed by the project of returning farmland to forests and grassland, which made the soil water erosion in
the rich and coarse sediment area. The driving force of soil water erosion in the rich and coarse sediment area
changes dynamically; the slope factor needs to be fully considered when optimizing the land use/cover pattern
for the prevention and control of soil water erosion in the rich and coarse sediment area in the future.

Keywords: the rich and coarse sediment area; RUSLE model; soil erosion; trend analysis; geographical

detector
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H 7012 t/Ckm® « ) (] 3D, MW TE], 4 32 7K b 455 B 7
2001 i K, oh 3 818.26 t/(km” + a),2015 4F 11 + 1
KRR /N, R 1343.08 t/ (km? « &), BE b LK IX
K R A ) B 5

R4 2000—2020 ELHENPXRERLEAMBETRRB AL

Table 4 Area share of soil water erosion intensity of each class in the rich and coarse sediment area from 2000 to 2020

+HEOK AR/ N A K i B R RR LG/ 2%
(o km 2 gty KRR = 2005 4F 2010 4F 2015 4F ozo | A
<1000 MR 42.74 49.88 53.01 61.81 62.49 46.22
1 000~2 500 1% i 23.99 24.54 27.59 25.50 24.07 0.33
2 500~5 000 o 20.50 17.53 14.75 10.28 10.64 —48.09
5 000~8 000 gl 9.31 5.91 3.59 1.84 2.05 —77.93
8 000~15 000 B i Z 3.14 1.94 0.87 0.45 0.53 —83.01
>15 000 Ji Z 0.32 0.20 0.19 0.12 0.20 —36.13
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Fig. 2 Spatial trends in soil water erosion modulus in the rich and

coarse sediment area from 2000 to 2020 and future
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Fig. 3 Inter-annual variation of mean soil water erosion modu-

lusin the rich and coarse sediment area from 2000

to 2020
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DAL R P4 AL 7 31X, G Al DX I8 (A S 22 52 85 XL 5 it
I B AR 2 1 OR N 3 B B2 DX B LAy o3 A
¥ S 1 SO I A Y I S R 2 DN T W R
15.77 % » E B AT AL 2 VYD DRV 3 LA B F 52
DX A B TR 3 AR AT T R 1] B SR T X Te AR A Y T
B 13 402 km®, it 17.07 % fE A Z WML TS
DXE AT 93 A1 {H 20 45 vh T — LR PR CRI B T) T3 L S8 30
TG 5E T 45 LR AR BRI B b ) B B2l B il

£S5 2000—2020 FRARKS DAL K LA MEHE
BT BB RS

Table 5  Area statistics of spatial trend of soil water

erosion modulusin the rich and coarse sediment

area from 2000 to 2020 and in the future

2000—2020 4F  TIB g/ ARREAE R s/
AL km? % #H km® %

W A 575.50 0 073 L LTE 3663.06 4.67
BEMET 476444 6,07  RELT 12377.00 1577
JHAEfE 13 402,00 17.07  JBAEfE 13 402,00 17.07
BT 2568050 3273  RETH 167688  2.14
BT 34 066.88 43.40  FFLEFFE 47 379.38  60.36

2.3 HEEI AL

2.3.1 BEFEM A EBCFEF K E (XD 06
WX 2) P (X3) AL B (X4 R A /8
TR (X5), HHERA(X6)6 A H I A 1, i F K
R 28 43 BRI 2000 4F L2005 4F.2010 4F.2015 4F .
2020 445 KXo - K il BRI i B D), Ak B IR
TR K A3 ] 40 0 ) S A R R

6 r n—:@ﬁ[?ﬁ(
P 5 B
K 3 r
&
2 -
1 -
1 1 1 1 1
2000 2005 2010 2015 2020
F #
—— X4 X5 X6

B4 FERFNIHEKMZTESIFNBEREN Q EURMREL

Fig. 4

Explanatory power of factors for spatial differentiation of soil water erosion Q —value and change in rank
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ELHE BB M. B 1 EFH T N
KL H 2 EFH T A A 2005—2010 4 4%
PR i 8 3 v R 58 B A8 A B S, = iR T SR A ol 5
1 ESHEF MEREE LT RS 2 TS %
KWIF RS 3 35 F ;520102020 4F4 K 7t B
TR EREAREREH 1 EFHTF A A/ E
T LR JR A A T B BRI PR T A 4
B, o, RIS AR RS ) s IR A T IR
2.3.2 R EARM A i BRI % b Y 58 HLAR
DA 43 540 2000 4F 2005 4F 2010 4F 2015 4F |
2020 4 XA T3¢ H AR F X 4 58 /K fd B £ 25 8] 43 A7 19
fiE ke ). N 6 AT LLFE i, 7E 2000—2020 4F Wi [H] 6
PR - 22 8] 14 58 A 32 82 3% 80 A Al 4 488 i 0 AL A

FHE R AR S R S A B A B X R W
25 D738 AR FH R 2 386 580 = 498 K ik 23 (8] 4 A 1)
Bh., HPh, X1NX4.X1NX5.X2N X4,.X2N
X5.X3MNX5.X5MN X6 £ 2000—2020 4 ¥ 2y dE £k
PERESR; X1 N X2, X1 N X3,.X2N X3.X2N X6,
X3NX4.X4N X6 1E 2000—2020 4F = %2y 9 2k P
BB A AR S A TR X1 X6,X3( X6,
X4N X5 £ 2000—2020 4 3= 224 A T 14 5% , 4> B
R AR PR

[i) s A2 B % 0 2% S 6 B L 20002020 4F X 1N
X5(0.1443) . X 3N X5(0.1212) . X4 N X5(0.1158) fi¥
FRE 1AL T 3 A6 5 2 5 M = HE K ik 2 [A] 43 A 1) 7
ZHKEF . HE 5a nlH L EPF R BN, X 1N X5 fif
B ) 5 B IS DB R B 7E 2005 AR TR B RO,
HF17.02% 3 X3NX5 5 X4N X5 R ) 2 AW m
B ZFHITE 2020 IR BN B KA 5 17.11 %,
15.98% . W Kl 5b A I, £ 2000—2010 4F ] [A],
XINX5 R/ 1 EFFLXEHNF . X3MNX5.X4N X5
WZ7E 2010—2015 4R WA, X4 N X5 BEFA 25 1 £
SEHENT,X1NX5.X3N X5 RZ:7E 2015—2020
AEWME L X3NX5 NS 1 ESLHEKN T, X4N X5,
XINX5WZ ., HF M2 WERTF (XD AER
PR FR 00 e 1 e R T AR TR 28 LA X3 X5
KR 2 A EHE AL,

x6 BFXHEEFHNLIEKBZTESRERN

Table 6 Explanatory power of spatial differentiation of soil water erosion by interaction factors

LHHFT 2000 4F 2005 4F 2010 4F 2015 4F 2020 4F -8
X1NX2 0.085 4* 0.114 6" 0.044 11 0.048 71 0.047 71 0.068 1
X1NX3 0.079 0* 0.087 4* 0.028 8** 0.020 741 0.02 73! 0.048 6
X1NX4 0.113 1** 0.144 2** 0.069 51 0.087 8*t 0.147 7** 0.112 5
X1NX5 0.143 5! 0.170 2** 0.124 3*! 0.126 0** 0.157 51 0.144 3
X1NX6 0.081 1* 0.087 0 0.022 5** 0.018 3* 0.024 4** 0.046 7
X2N X3 0.029 6 0.035 4* 0.021 51 0.021 8** 0.032 8** 0.028 2
X2 X4 0.039 1** 0.044 3** 0.063 9** 0.075 9** 0.116 0** 0.067 8
X2NX5 0.073 9** 0.089 51 0.106 4** 0.110 6** 0.137 6" 0.103 6
X2NX6 0.021 9** 0.032 3** 0.016 9** 0.018 9* 0.028 0* 0.023 6
X3N X4 0.037 9* 0.040 6** 0.062 4** 0.059 8** 0.101 4** 0.060 4
X3N X5 0.092 4** 0.104 1** 0.116 9** 0.121 61 0.171 1** 0.121 2
X3MNX6 0.027 0* 0.026 9 0.012 1* 0.008 6** 0.010 0" 0.016 9
X4NX5 0.082 3** 0.088 4** 0.109 8* 0.138 8* 0.159 8* 0.115 8
X4NX6 0.029 1* 0.028 51 0.036 0** 0.056 9** 0.075 7** 0.045 2
X5NX6 0.067 3** 0.075 61 0.088 61 0.101 9** 0.118 2** 0.090 3

TE: A ROR XU THg o, A A FRoRAEL R
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Fig. 5  Explanatory power and rank of X1 X5, X3 X5, and X4() X5 for the dynamics of spatial distribution of soil water erosion
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