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Abstract: [Background] The plentiful and coarse sediment area of the middle Yellow River is the
main source of sediment, and the annual average sediment transport load is 1.182 billion tons,
accounting for 73.9% of the total sediment flow into the Yellow River. Soil erosion in this area is very
serious and the ecological environment is fragile, causing heavy ecological pressure, which not only
threatens the local ecological security, but also has a great impact on the downstream river, posing a
serious threat to human production and life. [Methods] In order to quantify the potential probability of
regional soil erosion and identify the key factors of soil erosion, revised universal soil loss equation

(RUSLE) and ArcGIS technology were applied in this study to comprehensively evaluate the sensitivity
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of soil erosion. The key sensitivity factors were also identified by superposition ranking analysis (2010,
2015, and 2020). Visualization of the spatial and temporal distribution of soil erosion sensitivity and key
sensitivity factors was achieved. [Results] 1) Soil erosion sensitivity showed a decreasing trend from
southeast to northwest. The extremely sensitive and highly sensitive areas were mainly found in the
central and eastern parts of the study area, while moderate sensitive areas showed a large staggered
distribution. 2) From 2010 to 2020, the overall soil erosion sensitivity increased first and then
decreased. The west of the study area showed relatively stable low sensitivity, the south, north and some
eastern regions of the study area showed a relatively obvious decline, mainly due to the increase of
insensitive (6.0%), and the southeast and other eastern areas of the study area increased, mainly due to
the expansion of highly sensitive and extremely sensitive areas (1.2%). 3) C factor mainly had a great
influence in insensitive areas; K factor controlled most of the central and eastern regions of the study
area with the grade higher than slightly sensitive. In the western part of the study area, the combination
of R and C factor increased the risk of soil erosion in the area with insufficient vegetation cover, and in
the eastern part, the combination of R and K factor had a greater impact on the area with serious soil
damage. The LS factor had minor effect on soil erosion in the whole study area. [Conclusions] In
summary, soil erosion sensitivity in plentiful and coarse sediment area of the middle Yellow River
decreased overall, while soil erosion sensitivity in the central and eastern parts was higher, which was
mainly affected by K and R factors. The research results provided theoretical guidance for the
delineation of key soil erosion protection zones, meanwhile providing support for the targeted
management of regional soil erosion.

Keywords: revised universal soil loss equation (RUSLE); soil erosion sensitivity; spatio-temporal

variation; key factor identification; plentiful and coarse sediment area of middle Yellow River
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Fig. 1 Map of plentiful and coarse sediment area in the middle reaches of the Yellow River
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Tab.1 Data source

HAE AR I3 3 B Hli IR

Data name Resolution ratio Data sources
T r i 22 YR VD X A i TR AR
The boundary data of the high and coarse sediment yield in the —
middle Yellow River Tl 5K UK N5 b B 2 540 v 0
Tt Ft - U PE (HWSD) () vh [ R R 4R (v1.1) National Cryosphere Desert Data Center (http:/www.ncdc.ac.cn)
Chinese soil dataset based on the World Soil Database 1:1x10°
(HWSD) (v1.1)
ERNESE: NIRRT SRR IRV E/E S . . ‘
Daily meteorological dataset of China National Surface — HIRAFA L

National Meteorological Science Data Center (https://data.cma.cn/)

Weather Station
Aster GDEM# 7 = F2 14 B (8] e =
Aster GDEM digital elevation data 30m GSCloud (https://www.gscloud.cn/)
2000—20224F 71 [H 30 m4F it KNDVIFIE £ . . R
The annual largest NDVI dataset of 30 m in China from 30 m ARG

2000 to 2022

National Ecosystem Science Data Center (http://www.nesdc.org.cn)
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Tab.2 Evaluation index and classification standard

R R 121 7g i AR
R SRS - UEUE HE T 25 P I
Rainfall erosivity R Relief degree of
Sensitivity B Soil erodibility K Vegetation coverage C Assigned value
(MJ-mm/(hm™h-a)) land surface LS

AR Insensitive 0 ~ 800 0~0.016 0~35 0~0.01 1
U Slightly sensitive > 800 ~ 1 000 >0.016 ~ 0.018 >35~10.5 >0.01 ~0.09 3
8% Moderately sensitive > 1000 ~ 1500 >0.018 ~ 0.020 >10.5~16.5 >0.09 ~0.20 5
5 £ B Highly sensitive > 1500 ~ 2 000 >0.020 ~ 0.022 >16.5~245 >0.20 ~ 0.45 7
W iU Extremely sensitive >2 000 >0.022 >24.5 >0.45 9

- s 0.5,0>5°

DRBF o SR FIBESC3 256 ™ 4 th 1 H B 9 42 2 0% 30 <9<
STy <
TR —(_22_1) =103 1°<o<3 + (7
n 02,0<1°
R =« Py, 2 .
j Z( f (2) 10.85in0+0.03, 6 < 5°
} 101 S ={ 16.8sin-0.50, 5<6<10° (8)
a=21.5868"""; (3) 21.9sin0—0.96, 6 > 10°
18.144 24455 . - . wr e
B=08363+——+=——; (4) A ANKPFEK, my m KB, 22X N 1
d y

Xy RN A HBIRE T, MI'mm/(hm™h-a);
N AN A R PERE N (H BN & = 12 mm)
RAEWTTE], d; PORER AN H WA H AR el H 1%
W&, mm; a, BABRZSE, &N N 1; Py AR
B A0 L 22ME, mmg Py AR U R R SR 248, mm

2) KT FH Sharpley 2" {IFE ) EPIC
B ST KR 2 45 il 6 o B A6

S%it
Kepic = (0.2 + o.3exp(—0.025 65 e (1 _ 2 ))) x

100
0.3
i 2

Ssnll x 10_ 0 5Som )X

Sclay + Ssil[ Som —exp (372 —-2.958 om)
0.7S .,

1.0- ; 5
( Sn1+exp(—5.51+22.9Sn1)) (5)

K =(=0.013 83+0.515 75Kgpc) X 0.1317,  (6)
fQ':F‘: Ssand\ Ssilt\ Sclayﬂeusgmﬁj\%uy\jﬁ//l\*j\ *53\7{‘9_\ ?ﬁ*ﬁ
A HLITST 555, Y05 S o SRS KL AR LA, %0, 38
HN: S =1-8 a/100.

3LSFF. A Lin %™ 2l asit e
LS F, 5 20N

ONBEFE, (°).
A)CH T o R s Y S 1 O W
7, HE A

1, £.=0
C={ 06508-03436log,f.. 0< f,<783% .
0, f,>78.3%

(9)

A f B 5 L, %o
3 HERS55HR

3.1 HEFEEMERMRETF

] 2 AT 4N, BF AR X N B R AR il /) S R e ik
A RO S R . BR RN D I 2015 4
A1, o A5 ok 77 e e 3 i Ak T R UK R LB K
¥, 2010 4F A1 2020 G HL A S IR 74.3% F1 79.6%; H
A A B R BRI A R e dbig k. K K
TERIFFE X A RS 23 DX IR I A AR U, o 2 T AR
57.4%, TR 4.5 75 km®, T E A5 T 0 E X
L AR LA S R, I AN A B U AR
B4 ANBURTIF N 2.3 5 km®, B T



52 W FAEE

N (a) 2010-R

(d) 2010-

(b) 2015-R

(e) 2015-C

: TR YYD X IR AR R AR AL 59
(¢) 2020-R

(f) 2020-C

RURPESFYL Sensitivity

- AR Insensitive

- T HUR Slightly sensitive
\:\ 1 AHURS Moderately sensitive
- Fe FEAHURK Highly sensitive

- M AR Extremely sensitive

0 75 150 300 km
T Y

B2 SRR UL R T R AR L

Fig. 2 Spatial pattern of single variable of soil erosion sensitivity
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Tab.3 Comprehensive evaluation of soil erosion sensitivity from 2010 to 2020

2010 2015 2020
RS R
i T =A] T Ee 51 T =A]
Sensitivity
Area/km? Proportion/% Area/km? Proportion/% Area/km? Proportion/%
AU Insensitive 23438 29.9 44723 57.0 28 163 35.9
% FEHIURK Slightly sensitive 21 640 27.6 25 648 32.7 18332 23.4
o1 J¥ B Moderately sensitive 25 855 329 7 462 9.5 23 445 29.9
1 P U Highly sensitive 6591 8.4 605 0.7 7504 9.5
I8 Extremely sensitive 966 1.2 53 0.1 1046 1.3
N
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Fig.3 Spatiotemporal variation of soil erosion sensitivity of plentiful and coarse sediment area in the middle reaches of the

Yellow River
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Fig. 4 Transfer string map of soil erosion sensitivity from 2010 to 2020
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