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Abstract: [ Objective] The aims of this study are to examine the relationship between gully slope slumping
erosion and topographic factors, and to provide a theoretical reference for the mechanism of gully slope
slumping erosion and erosion disaster monitoring in bare sandstone area. [ Methods] Based on in-situ
monitoring and 3D laser scanning technology, the characteristics of slumping erosion and the variation of
topographic factors were analyzed. [ Results] (1) The amount of slumping erosion was significantly
correlated with temperature and wind speed, and the correlation coefficients were 0.867 and 0.917. (2) The
topographic factor values showed an increasing trend in general, the surface roughness and surface
undulations fluctuated more obviously on the slope, and the fluctuations changed slowly in the middle and
lower slopes, and the gully density had no obvious regularity. (3) The amount of slumping erosion was
significantly correlated with surface roughness and surface fluctuation, and the relationship was polynomial

regression, there was no significant correlation with gully density. There was a certain correlation among the
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topographic factors, and the surface roughness and surface undulations showed a significant positive

correlation, and the correlation coefficient was 0.89. [ Conclusion] The erosion amount of gully slope in bare

sandstone area can be characterized by the numerical fluctuation of surface roughness and surface fluctuation.

Keywords: bare sandstone area; gully Slope; slumping erosion; topographical factor
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Fig. 1 Location map of the research area
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Table 1 Basic characteristics of environmental factors in the study area
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Table 2 Basic characteristics of gully slope erosion

Rl RIS/ cm R X = X 5

i 1] B/MA LN FEE P22 B/ 1 1/ m’ R/ kg
TD, 0.000081 2.724175 0.343942 0.436374 6200 25.98 146.837
TD, 0.000013 2.942371 0.226225 0.21075 12520 56.84 211.269
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TD, 0.000094 2.427079 0.24569 0.350029 9014 35.97 145.218
TD; 0.000086 3.144861 0.342179 0.310206 6153 23.86 134.140
TD; 0.000093 3.540313 0.328144 0.459632 9789 39.94 215.326
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Table 3 Correlation analysis between environmental factors and the amount of slip erosion

E 2 R R 22 4 K /N By S G o N EE % 7 ik 5 TR = i i
SRR 1.000

i 2% 0.703" 1.000

2 AR 0.680 0.247 1.000

e KGR 0.659 0.238 0.997" " 1.000

-2 K FH 4 459 0.220 0.594 0.055 0.032 1.000

R T 2 0.694 —0.005 0.799 0.778 —0.203 1.000

V5 R A7 1l 0.867" " 0.582 0.917" " 0.899"* 0.260 0.718 1.000

TE: " FRonTE 0.05 KF EAIRIER#F, " " FIRTE 0.01 A EASCHE W 2.

N
0 350 700 1050 1400cm

5 AEEmTHIE

Fig. 5 Change process of gully slope erosion
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Table 4 Characteristic quantity of topographic

factor variation with rainfall frequency
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TD, 2.1037 0.4529 1.4054
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TD; 2.3057 0.4752 1.8992
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Table 5 Regression equation of topographic

factor and Slumping erosion amount
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Fig. 8 Actual view of the Slumping deposit body

AT T S BUAE W D0 390 T6) b 9 PR 3 90 A Y i
BTN Z P, 3K 5 5 4 I S 0 IF ST 5 R A AL
3 FE I AT A M 0 ) 400 3 e - S UKL AR E AR
N T S A 3 Y — A R R S U 1Y
B J A X 45 5 R 35 TR AR Tl AN BB A e L s T
WO A A PSSR YR T R OB A IE FE RE ) L
y TSI REE: W v o) W OF < IR 9 Ao R A 4
AR AR o™ A Y e 2 45 8 2 1 AAR T Jon o A R Y
SR PR LA AR b b e RO T TR R T
ARAGARAE  JERECST 0K A ST A X ARl o AR o el
SRR A5 4Rk v B R B O R IR AT ST
SR AR T P S AR AR B AR S A o AS BT T X
FRER AL RD S DX 3 1 I (R 1 15 T R AR i Y o6 R
PEAT 0 A 45 2R 7R 3t MR JEE | b 3R AR 5 T T
R HAT — B ARG 5 — S g T B oY 45
Feftl . WAL STE R M IO A, R
DR D 25 (8] 3 A7 o 18 R 5 AR D 2 5 18 b 32 23 B R R
T3 B F Y 52 0 258 o DR e A 31 1) 98 R 8 A AR 22
S 3K — G505 7 O R AR T A el A g S
T ) (R e 5 i a4 R — B R T
B JE R AL IR It i A7 A — S W R R . JE DA
A AT LA M SRR A M SRR AR R AR
VU BR 8 AR S DXV ST TR AR ol 4 T S

4 % g

(D RS2 ML A SRR T AE T .



162 S ol T S 1

o531 %

15 TR A% ot 52 B S ST G 0 D/ 1 R A

T AR ik e F Y 3 3 TOUAR b e g 5 O B L B P I

Z WO R i 55 . HL TS TR i RE R X R

A AR O A O R KR 0.867,0.917,

(2) MBI FHUE SRR BT b RORRE B2
SRR 15.8 06 5 b R A AR FE B AR R S 8.9 04 5 1 AR
1211 IS 1,899, b RS 5 1 3t 358 AR ¥ i
RAE K I3 A5 T b G K b 2B Ak . i bk
REL R 32 1 = 7B OR 132 30 s 728 A 55 D W I 7 B4 ) T
B 2 AL AL

(3) 15 1R 4= T ik 5 b SRR A B2 | b = S X B A OC
PR H S Z 0 mHOC &R, 500 8% B A C AR
BTG R M S R R AR O R B KR
0.87. # ML AR AR I AF1E — 5 AR G, b SRoML R B2
A H A AR 22 W 3 IE A G OR &R MG RO 0.89,
Tt B RR B it A X7 5 ¥ TR 4 ok i T S o 2 KL
il 2 0 M 3 IR RS Y B0AH 0 3l ok SR A L AR R ihod 7R
rh i T 45 s ] B AT 55 8 1 0
2 % K (References) :

(1] XISRIE, KR # LYK A RS kLT etk
B4 1993,8(2) : 7-15.

Liu BZ, Wu F Q. Gully erosion and its development on

Loess Plateau[ J]. Journal of Northwest Forestry Uni-

versity, 1993,8(2):7-15.

(2] Z=F .+ 5% I X5 0 (= il A oK 45 4 38 1 B BF oY
[0 N R #9,2018,40(8) :96-98,119.

Li Y H. Research on hydro-physical properties of slum-

ping erosion in remained loess area[ J]. Yellow River,

2018,40(8):96-98,119.

(31 v fel g, SC 37 %, 3 2 4K, 48.2017—2018 4R 38 4 [ & i
AR — R X N T U B ) R kL A e AR LT
B2 KU, 20216 (3) 1 113-120.

Gao ] J, AiQS, Han LL Q. et al. An observation-based

dataset of gravity erosion of Xindiangou watershed in

the first sub-region of Loess Hilly-Gully Region during

2017—2018[J]. China Scientific Data, 2021,6(3):113-120.
(4]  ElRH A8 L X MVE R mIT]  EK £/, 1990

(5):25-26.

Wang B K. The erotic erosion of loess area of Haidong

city[J]. Soil and Water Conservation in China, 1990

(5):25-26.

(5] AR, D3, skif E, &8 = Bk B2 + V5 0 =2 ol A
WEFELI ] K £ R 45 .1991(7) . 21-25,51.

Zeng B Q, Ma W Z, Zhang Z G, et al. Study on erosion

of slumping in sanzhima red day areal J]. Soil and Water

Conservation in China, 1991(7):21-25.

(6] W% T.“40 + BB (975 18 =0 e BTG [T ] K L AR+
WAL, 1981,1(4):29-34.

7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Tu A Q. Sluggish erosion of ‘red soil” steep slope and
its prevention and control[]J]. Bulletin of Soil and Water
Conservation, 1981,1(4) :29-34.
S L JE e, B SR AN TR R R A5 R IS R A
AR A2 ol o B R B AR L K AR R
2£,2019,17(1) :10-15.
Chai Y F, Zhou B, Li W Q, et al. Erosion process and
infiltration features of red soil slumping slope sediment
under artificial simulated rainfall condition[]]. Science
of Soil and Water Conservation, 2019,17(1):10-15.
Kuhn J N, Oost V K, Cammeraat E. Soil erosion, sedimen-
tation and the carbon cycle[J]. Catena, 2012,94.1-2.
K S0, ARG L R L AR VD BT RO R AR A 5 R bl
FEU A RO AR [T XA SE . 2020,87(3) 1 757-764.
Zhang ] W, Li P, Gao H D, et al. Response relation-
ship between micro-relief variation and slope erosion
under sand-covered conditions[ ] ]. Arid Zone Research,
2020,37(3) :757-764.
TR IR A Kl B b R AR K R
W R AR S S R R T P EK L
PREERE2%,2018,16(6) : 31-37.
Wang Y. Zheng Z C, Li T X, et al. Change of soil surface
roughness during maize growing season and its relationship
with soil erosion amount on slope of contour tillage during
water erosion process[ ] ]. Science of Soil and Water
Conservation, 2018,16(6) :31-37.
T X A YT AL 7 AR R G T 2 R A R i R R
ST 1] R 2 W, 2016,22(14) : 108-110, 116.
Ding L, Liu H. Characteristics of gully density in the
Yanhe River Basin and its influencing factors[J]. Anhui
Agricultural Science Bulletin, 2016,22(14):108-110,116.
Morbidelli R, Saltalippi C, Flammini A, et al. Infiltra-
tion on sloping surfaces: Laboratory experimental evi-
dence and implications for infiltration modeling [ ] ].
Journal of Hydrology, 2015,523:79-85.
BT 22 W0 28 . B AR B SR R T 4R b
MRS BE 1 28 8] 59 R M [ ] 0K b fR #5224, 2021, 35
(3):46-52.
Qian Q Y, Qin F C, Li L, et al. Spatial heterogeneity
of surface roughness of slope erosion under natural
rainfall[ J ]. Journal of Soil and Water Conservation,
2021,35(3) :46-52.
Zheng Z C, He S Q, Wu F Q. Changes of soil surface
roughness under water erosion process[]J]. Hydrological
Processes, 2014,28(12):3919-3929.
Tl . MR R E S KUK £ 5RO 5 M4 AT
(DR H PRI K5, 2014,
Wang ] Y. The correlation analysis between relief degree
of land surface and regional scale of soil erosion intensity
in Chongqing City[D]. Chongging: Chongqing Normal
University, 2014.



o8 S A5 R R D S XV S TR R SRR AE 5 TR TR TR S R

163

[17]

(18]

(19]

[20]

[21]

[22]

[23]

TR BT AR T B R i AR
BE o D5 ik L K R R FEHE ST, 2017,24(3) : 39-44.

Wu B X, Hou L, Song M M, et al. Gully density anal-
ysis based on flow accumulation method[J]. Research
of Soil and Water Conservation, 2017,24(3):39-44.
PRez L T/ INZE S D R PG A8 MR AR e (R T3 0T
W5ELT] K LA REE . 2016,36(3) : 265-270, 370.

Chen X X, Zhang X J, Chang Q R. A study on optimal
statistical unit for relief amplitude of land surface in
Shaanxi Province [ ] ]. Bulletin of Soil and Water
Conservation, 2016,36(3) :265-270,370.

F - F 3 THT 7K e AR v 2 AR T K 8 Al R AR
W5 (D] BR PG % - P4 AL RARFL B K%, 2007.

Zheng Z C. Study on the effect and change characteris-
tic of soil surface roughness during the course of water
erosion [ D]. Yangling., Shaanxi: Northwest A&.F
University, 2007.

SCEC U R ET B AR B 0 R R B B S B A
5K g B R [T ] R TR A 4, 2019, 35
(24):136-143.

Wen H, Ni S M, Feng S Y, et al. Effects of developmen-
tal stages and parts of collapsing gully on soil hydraulic
properties in southern Jiangxi[ J]. Transactions of the
Chinese Society of Agricultural Engineering, 2019, 35
(24):136-143.

Wy, EAKCE PN S5 AT =Bt HME RN
AE B A WAL £ ol 3% T8 AR 0 50 L] K A 27
#,2016,30(2) :14-19.

Xu ] P, Wang Q X, Deng Y S, et al. Study on charac-
teristics of erosion surface on weathered granite soil
based on three-dimensional laser scanning technology
[J]. Journal of Soil and Water Conservation, 2016, 30
(2):14-19.

KM AR AT T S5 S B GPS, = 4EEOLH A
0 At A = e 0 £ AR W 0 9 ol gk R AR L B SE LT . K
+ PR 2, 2008,28(5) : 11-15.

Zhang P, Zheng F L, Wang B, et al. Comparative
study of monitoring gully erosion morphology change
process by using high precision GPS, leica HDS 3000
laser scanner and needle board method[ J]. Bulletin of
Soil and Water Conservation, 2008,28(5) :11-15.

AW Bk RS e 2 . B AL B 4 X M T R S B
KR [I].F R XKW 2009,26(4) :599-606.

Li M, Du] W, Gao W Y. Study on the relationship
between geological disasters and precipitation in the
Loess Plateau in North Shaanxi Province[ J |. Arid Zone
Research, 2009,26(4) :599-606.

JUE . L TR AR AR R I B TE ) AR A R A AL
(DAL R « K% T K2, 2013.

Yan Q. Simulation of gravitational erosion in the loess

[24]

[25]

[26]

[27]

[28]

[29]

[30]

gully wall based on various rainfall condition [ D J.
Dalian, Liaoning: Dalian University of Technology,
2013.

KEE ZEC.F . E MU E X EMM R ELS
R ™ Y R R 56 & L]0k £ AR RS, 2022, 29 (6)
21-27,35.

Zhang R X. Qin F C, Li L, et al. Responses of slope
microgeomorphology to erosion and sediment yield in
arsenic sandstone areal ] ]. Research of Soil and Water
Conservation, 2022,29(6):21-27,35.

TR0 K Pl AR v b 2 S S Al K AR o 132 [ D . Bk
P47 % - PO AL RARFH K2, 20165,

Liang X L. Soil surface roughness change and erosion
response in the process of water erosion[ D]. Yangling,
Shaanxi: Northwest A & F University, 2015.

R L 4 ik, 2R 0, A5 R0 T TS Bk TR b O Ak K
FE 5 W i R AR LT L AR TR 242, 2015, 31(24)
127-133.

Tang H, Li Z B, Li P, et al. Surface micro topography
quantification and its relationship with runoff and sedi-
ment under simulated rainfall[J]. Transactions of the
Chinese Society of Agricultural Engineering, 2015, 31
(24):127-133.

K SCTHE. A 4 25 b R G TR B A T R ol v R B
W T 19 52 W LD BRPE 4% 9 - T4 R AR B} 42 R 2% , 2020.
Zhang W B, Effects of soil structure on erosion sediment
yield and surface roughness of engineering piles[ D].
Yangling, Shaanxi: Northwest A&F University, 2020.
ZEVEIR T SC U A 75 3, 5 RN i R Ml 3RORE FE X 3 T
H IV B A5 i i 8 e [ A VIR 7 B BE 4l , 2019, 36 (1)
41-47.

Li Q X, Ding W F, Zhu X D, et al. Effects of rainfall
intensity and land surface roughness on microtopography
and runoff and sediment yield of slope[ J]. Journal of
Changjiang River Scientific Research Institute, 2019,
36(1):41-47.

AT B, AT, B RAT S 30T X DX
L B s (1] T 5 X %I 5 5, 2018, 32
(5):97-103.

Zhao S Q, Wang X H, Shu T Z, et al. Research on
topographic factors in relation to regional soil erosion
in Karst Region[]J]. Journal of Arid Land Resources
and Environment, 2018,32(5):97-103.
Troe s ZERH . FVE 3 55 O B SRR R AE 5 4R 1
BRAL AP EAK LR CP3E30, 2020, 18(6) -
9-14.

Qiao R R, Ji S X, Bai X L, et al. Relationship between gully
quantitative characteristics and soil erosion amount[ ] ].
Science of Soil and Water Conservation, 2020,18(6) .
9-14.





