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Erosion characteristics and influencing factors of production
roads in Ningxia under heavy rainstorm conditions
LiJiamin', Zhang Yi*, Liu Xiaojun', Hu Renzheng', Lei Xueyi', Chen Kai’, Wang Jing’
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2.College of Geology and Environment, Xi’ an University of Science and Technology, Xi’an, Shaanxi
710054, Chinas 3.School of Ecology and Environment, Ningxia University, Yinchuan, Ningria 750021, China)

Abstract: [Objective] The erosion conditions of production roads in Ningxia Hui Autonomous Region under

heavy rainstorm conditions were investigated, in order to provide a scientific basis for regional soil erosion control

and high-quality development. [ Methods] Based on remote sensing images and meteorological data, 17 small

watersheds in 9 counties were determined as field survey areas, and 25% of earthen roads were selected in each

watershed. Methods such as UAV (unmanned aerial vehicle) aerial photography and RTK (real-time kinematic)

measurement were employed, combined with the cross-section method to determine the road erosion intensity.

[ Results] The surveyed area was dominated by loess roadbeds (156 road sections, with a total length of sampled

sections of 9.01 km). The average width and depth of road erosion gullies were 0.20—0.76 m and 0.09—0.37 m,
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respectively, the width-to-depth ratio of erosion was 1.40—4.11, the road slope gradient ranged from 1.84° to
10.11°, and the soil bulk density was 0.94—1.71 kg/m®. The surveyed roads were dominated by moderate erosion
(44.87% ). The most severe erosion occurred in Yuanzhou District of Guyuan City and Tongxin County, where
the road erosion intensity was predominantly classified as ‘moderate erosion’ and ‘moderate + severe erosion’ ,
respectively. The corresponding average erosion gully densities were 19.80 m/m? and 43.37 m/m?, both indicating
that the widening rate of road erosion was higher than the downcutting rate. Analysis of the causes of road erosion
showed that road surface conditions and land use types on both sides were the most important factors affecting road
erosion, with direct contribution rates of 9.39% and 9.00% , respectively. In addition, the interaction between
factors significantly affected road erosion. [ Conclusion] Under intense rainstorm events, existing production roads
in small watersheds have weak soil and water conservation capacity and are prone to erosion. It is urgently
necessary to promote site-specific technologies combining vegetative buffer strips and drainage facilities to alleviate
the severe regional road erosion problems, thereby reducing the risk of soil erosion and ensuring the ecological
security and regional sustainable development of the Loess Plateau.

Keywords: road erosion; intense rainstorm investigation; production roads; soil erosion; Ningxia Hui

Autonomous Region
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Fig. 1 Distribution of surveyed small watersheds and cumulative rainstorm of three heavy rainstorm events

1.2 HERIE

AR YR R A T 0 AE R T M X £
Hi ) 28 3 R S A A RE (2024 4D o - bR
5 TR EG A R U5 b R R 27 B R R B R 2 5 A b
O s I — AL B H8 BCOND VD B 5 A [ 5 SR %
AR vl I kA Y 36 E =S iR R (NASAD
MODI13AT1 7™ fi 5 05 = f A5 8 (DEMD 3k B M 2
25 [ B0 = 5 &, 3R BHi 2 F 1% DEM 42 BUAE B
AT 147 ok W e 5CH0E D) R K R e DR 2 5O
PRAE S BT B ¥ 58— F R O 30 m X 30 m %S [A] 43
R IR WGS 1984 UTM _Zone 45N #5% Ak b
RHATHCUE S 5 L5 T .
1.3 MRFZE

TE 7 T 9K 20 1 38 B 42 ool A R, AR il i R 1 4
MR EBRREMESEE, LB REThERR
I P % 1T A o p R X — K Ty 2R R RS R B £
HEWy I 5 A R 2 X L PR A e R A
HIRMENIESSECNEE 5 KE, T HE
FEIFAER T B S B0 R AR

A 7 3 ARl R A T A 32 A SR Pl B8 A B
A1 Ml S b 35l 000 5 5 43, 4 T DT A T B 0 ok iR B &
HAZBRRAE . Pl THE R ZAE 3T, HIERFEIK

B VR A /N It Sl B ] 300 1 TR I S R AR BN O i AT
il 3 A B 5[] 25 A RO A /)N U el B R i RS kAR
YR N WK 7 T I T U 00 5 ek AR 0] A /0N Y J8 G T YT Ak 1Y
IR SCHE R 5 fe 2 MRl e T DR /N S 32 R EE AR L L 1R
oA~ B 174> BRI G IR A0l 9 A DB AR R AT
WTC AW AR R4S A |, 1 T B LA 15 28 BB It
B 25% A B AR B B HEAT A . B 17 AN bkdR B
X AT 325, Geit 45 B X 4 i A 7= 3l g SR A KRR
P A A% A 4R AR TE AR BSOS o Ak TR 3 R W T vk
HEAT VR A R Dl i 3 S B A A iR S
ZMAEREWHENER S5 k. BERRER . H
Je A8 P R R S sl A 0 R I Y (real-time
kinematic, RTK)SZ RS o M & H bR i 51 % B IF 4k
HUERG BE AR A o B 8 100 m 45 ROR A I8 4 1
Bt (50~100 m A4, IF R AT 50 m 48 RUPE 4fl Pl & 42
WS S Ao FE v, T A0 % O W4
I B A RE AR AR [] ol TR 70 325 0 - S
1.3.1 4rLAZF ik

TE 5% T 2ok 5 B 2R e AL CI o 38R 78 £
UEAR Fr D 46 1 T 43 98 N T 30 em W 464 F L 3T
AT AL T AN AT AR AN B AR . R
A 5 Y I A AR 1 177.52 km?, S B T4 AR OR



194 K A A3 i

46 %

834.66 km’, 4t — K F WGS-1984 Ak b5 & , 1 Hfr v HL
MBS, PR LN 105°E, HEAT BB .
Jo N AL AL B B PR R B3 F T8 N BL W OE 5 5 1R E
(DOM) FL7 o B R (DSMD Y L F“ B4 /)
Wil 44 FRATC AHLEE AR H 5% T “DOM.GLE” A, 7
GIS AT B4 /N4 FR\6 18 B 0 A \G1S
B PE\GIS . gdb\I& # % fet B | 42 U/ i 380 BT AT
T [ 2 B A3 A0 1 O, SR AT A I B AR B R A,
SR PR 4R R A T TE B DAL AT AR B BT A B
B P A 77 T K R g 4 901.01 ko F IEGE % W) +
by R P 2 AY v AR RO 3N 43 A I AR S Rl RE AR
BE AR W 259 AR I K E AT R A, A
ArcGIS 10.7 84 |, ¥ 38 #% 4% 100 m A [a] B %1 53 B

a &I AR

ZAF B B GE B 3 25 A0S J2 100 m (14t AT i — A4~
T # B, 78 Excel 2021 W@ sy SCE4 B4 /it
4% FR B BRRE Go 3t xIsx”, IR X T A T B B AT
B ML FE K 3t B 7 5 BEAE GIS BiE P 45 2 75 1A
A BAE R 1, HoAth 7 % B O, K 2 A 1Y)
T BT S L TR B AR TE
“CE A NI IR 4 FR\6 TE I E A \GIS B \GIS.
gdb” v B 5 Ry kmz/kml SCPE, SCUE 4 R < TE A F
% B KML”, JF 5 A FHLE O R CR4E/GPS 55D .
iR 3 PR T BR B K 9 9.01 ko IR < SR AR
% KA R B B2 6] A A R O AR TE B B
JEE 5 DOM/DSM, finl /s it 38 i 545 B A 38 36 4 A
JH AT BB o (B 2)

b F K AR

MEBRRASS B O

— R — EH
o 48
%%%w 0 0.85 1.70m

2 MoMREETERRBETFRREZSESH

Fig.2 Spatial distribution of production roads and sampled sub-road sections in some small watersheds
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Table 1 Classification of road erosion levels
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Table 2 Basic characteristics of production roads in surveyed counties and districts
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Table 3 Damage characteristics of production roads in surveyed counties and districts
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Fig.3 Average erosion gully width and depth of sub-sections of production roads in surveyed counties and districts
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Fig.4 Erosion intensity of sub-sections of production

roads in surveyed counties and districts
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counties and districts
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Fig.7 Erosion conditions at road corners in Qianjinggou small watershed
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