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Effects of rainfall characteristics on runoff and sediment yield under different
land use types in typical small watershed of Jialing River

Huang Wei', Kuang Zhiyu®, Yin Huiyan', Zhang Zhiwei'
(1.Xizang Agricultural and Animal Husbandry University, Linzhi, Xizang 860100, China;
2.Sichuan Province Shengzhong Water and Soil Conservation Monitoring Station, Nanbu, Sichuan 637388, China)

Abstract: [ Objective | The effects of rainfall characteristics and land use types on slope runoff and sediment yield
in a typical small watershed of the Jialing River were investigated, in order to provide technical support and a
theoretical basis for soil and water conservation and erosion control in this region. [ Methods] The Lizikou small

watershed in Nanbu County within the Jialing River Basin was selected as the study area. Based on five

I %5 B 85 : 2025-05-05 &2 B #3:2025-08-11 % F B #:2025-08-18

FEHITE : VE 5 H 16 X 2025 4F 5 A5 AF A& 1R300 B T8 7 R K 1 IR B A S AR EE R R (XZ2025012Y0130) 5 78 Jk A 40 K 2%
CHAER RN SR E M S R AR A R R il 5T T (XZNMXYRCXM-2024-06) 5 P4 i A 7 X 3 88 Bl 2% 3 4
(X7Z202501ZR0063) 5 P4 78 A 0 2% b2 11 0% B3 H (533325001

F—EHE (1992, 5 (B, WA R R B 0F 58 A4 B9 O 0] K B R 45 552 LB 6 . Email: 291001530@qq.com .

BEMEE REAR1987—), T (DU, BEFE A MR T A 1, B2, 3520 A giK 4 PR 4F B e 85 R B8 i A% D7 T (A% . Email: aiwoweige@.

163.com,



88 JK A PR T A 545 %

consecutive years of observational data from 2019 to 2023, including rainfall, runoff depth, and soil loss, K-
means clustering method was used to classify rainfall characteristics, enabling analysis of erosive rainfall
characteristics and types. Pearson correlation analysis was applied to evaluate the strength of linear correlation
between rainfall characteristics and runoff and sediment yield. Multiple linear regression analysis was used to
construct predictive models for runoff depth and soil loss based on rainfall characteristics. Additionally, the
geodetector method was employed to explore the explanatory power of single factors and their interactions on
runoff and sediment yield, so as to reveal the effect ive patterns of rainfall characteristics on runoff and sediment
yield under different land use types. [Results] O Erosive rainfall in the small watershed was classified into three
types: Type I (small rainfall amount, short duration, low intensity) , Type Il (moderate rainfall amount, long
duration, moderate intensity), and Type [lI (large rainfall amount, medium duration, high intensity). Compared
with Types T'and 1T , Type Il rainfall occurred less frequently but exhibited higher erosivity. For the same land
use type, Type [l rainfall resulted in significantly greater slope runoff depth and soil loss. @ Significant
differences in runoff and sediment yield were observed among plots with different land use types. Runoff depth and
soil loss decreased in the order: bare land > slope cropland > arbor forest land. @ All rainfall characteristic
indicators were positively correlated with slope runoff depth and soil loss under different land use types. Among
them, rainfall amount and rainfall erosivity had more pronounced effects. @ Within the small watershed, rainfall
amount had the greatest single-factor explanatory power for slope runoffl and sediment yield, followed by I
(maximum 30-minute rainfall intensity). After interaction-factor detection, most interactions were characterized
by double-factor enhancement or nonlinear enhancement. [ Conclusion] In the low mountainous and hilly regions
of northeastern Sichuan, rainfall amount, I, and rainfall erosivity are the most critical factors influencing slope
runoff and sediment yield. Slope cropland is the primary cause of soil erosion in this region, while arbor forest land
can reduce runoff by up to 88% and sediment yield by up to 99% compared to bare land through multiple
hydrological regulation mechanisms. Therefore, returning cropland to forests and grasslands is an effective
measure to reduce soil erosion.

Keywords: low mountainous and hilly regions of northeastern Sichuan; rainfall erosivity; runoff and sedi-

ment yield; geodetector; returning cropland to forests
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Table 1 Basic information of runoff plots
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Table 2 Rainfall clustering results and rainfall characteristics of Lizikou small watershed
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Fig.3 Runoff and sediment yield characteristics of land use types under different types of erosive rainfall
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Table 3 Average runoff depth, average soil loss and total runoff depth and total soil loss of different land use types

1 B H 122.60 613.01 3.799 18.995
2 i 242.33 1211.63 16.797 83.985
3 A 130.51 652.57 1.404 7.019
4 B H 123.88 619.38 2.606 13.029
5 A b 29.09 145.43 0.076 0.379
6 VN 29.63 148.15 0.059 0.295
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Table 4 Correlation between runoff depth, soil loss and rainfall characteristics of different land use types
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Fig.4 Results of single-factor detection by geodetector
for runoff depth and soil loss in plots
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Table 5 Multiple linear regression results of runoff depth, soil loss and rainfall characteristics of different land use types
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S 24 6 TR i BE 2.151 0.036 1.216 0.229

4 0.761 0.818
5% K 30 min 75 (1) —3.079 0.003 —5.693 0.000
2 TR =2 1 4.169 0.000 7.759 0.000
% T 1 0.706 0.483 0.339 0.736
Y- 1A 6 TR i BE —0.015 0.988 —0.138 0.891

5 0.774 0.848
5% K 30 min R 5% (1) —3.976 0.000 —5.120 0.000
2 R =2 1ok 6.060 0.000 8.189 0.000
o T 0.137 0.891 1.974 0.053
Y- 1A 6 T e BE —0.181 0.857 0.080 0.936

6 0.804 0.821
5K 30 min M3 (1) —4.653 0.000 —3.894 0.000
R T 42 1ol 7 7.084 0.000 5.639 0.000

7+ fe K 30 min FR 88 7 mm /b



94 IK A 3 47 5 45 4%
262 MEIEFALYVRLIEFEMNLER H g EYAE 0.77 LA b RSB T J Bsf 53 [ T 5 LA 52 g

F 5 AT 2 W 7 3 v B SR 3 A S B
XA 5~ 38 5 AV PR AR e P 1 o, X A28 30 TR 2 T [ 22
AR 5 SR R B A (X)) 5 b R e R 1 32 E
VE At B8 e s, (B3 7E 0.71 LA b, U B & W 1 i
AR TR EEZ o H A R 30 min W 5
(X5 FER A Xo—X, 5 XUA 53 5 A, g (H 3975
0.66 LA I, 5AERET P Xo—X,o 5 PR 2 1R 4 5 1

qE
0.945
0.051 0.053 0.053
> 0.762
0.053 0.053 0.053 H_,
0.036 0.038 0.053 0.053 0.053 0.579
0.140 0.143 0.143 0.172 0.172 0.172 'E::
oy
® 0.396

0.213

0.030

X3 X4 XS X6 X7 XR XD XlO
5 AT

3 0w

3.1 RSN RN

TF 5 245 S 22 BR3P S TR) A R 28 R o 3 T 7
T VD RS M R T R oYk B R A
T D BsE S 2 [ R 5 B e K 30 min M5 (1) FE RN R
Tl 1K 25 1 1 /DN S AR ok AR TR 43 Sy 3 288, R ) i T 2
RN 7= i 7= U 0 R i KN Dy < T 2R B I > 11 2 B W
= T SRR, RO R R L o R 1 O W AR R i
TR K £ WK R EE MR R R, X 55k A
5 ST 5 AR ok TR TR 43 28 RO [ A g I R X A 0
W AR A B R B ST A5 e — 8. Hodh, T KRR
W C/NTR B 08 7 i IS ) & AR OB T4 3, o
12l P A T VR 1) 68.5 %%, 122 TR AL I 5 IX. i AL 1Y
(Rl PERE R A BARAE MR R L 0 1
FAH T I, M A 4 /5 I 2B TN Ch il i L K
B bbb D K BN 313, R T O A
28.7% 5 I A W T RN o= P D7 I g 8 8D & A T B
H 3%, 5 BT R B 2.8% . MR B oY X W
PTRSR e O 1<% 55 BT A= S N | (Y 3 s
TGN - 3 4% B 43 A B AE H B A 40 %6 R 50 %6
AL, o s s 5 T X A S R R - B S A A B i)
T g R U s R X K R B T R
I 2H% o R 2SR o 2R 80 ) 42 ok 3 ko6t 3 o T

PRl 8 Al P 1 5 B R 5 0 A O R i TR 1 52
RIS RN R A S AR R 30 min F 58 45 A B R
PR B i B (X)L R R (X R IR E B AL
JE (X 3 BELBE (X038 AR S e L g
{EHAE 0.70 L L, U I 3 A M8 0t 2% 19y 5 2 JU IH B
IR 7 RAAN A o B R L R R R A AL
J B A LB R T A RO U R R

b EEAKE 0.0523 ¢ qfE
2119 2 10
0.955
0.0523 0.054724968
0.052 0.055 0.055 B 0.766
0.055 0.055 0.055 [ i
0.013 0.016 0.055 0.055 0.055 B 0.577
0.055 0.058 0.058 0.063 0.063 0.063 B =
ﬁ&g
X, 0388
(R 0.326 | 0.409 [UREZMNREZS 0.374 | 0.374 | 0.374 | X,
0.199
0.020 [EPFAREIER 0.109 0.047 0.047 0.104 0.104 0.104 e
0.317 | 0.328 | 0.331 | 0.330 | 0.711 | 0.487 | 0.487 X
0.010

Xl X2 X3 X4 XS X6 X7 XR XD XlO
CAIS
5 MEBHRUSFMNINRERRSIERAELEERFRUER

Fig.5 Results of interaction-factor detection by geodetector for runoff depth and soil loss in plots
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