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Abstract: [Objective] Flood events are the key driving process of runoff and sediment yield in watersheds.
Revealing their rainfall, runoff, and sediment dynamic characteristics and relationships is of great significance for
understanding sediment transport in small watersheds in mountainous area. [ Methods ] The small watershed in the
Jiangzi River in the Dabie Mountain area of western Anhui Province was selected as the study area. Based on the
analysis of rainfall, runoff, and sediment characteristics, redundancy analysis (RDA) and multiple stepwise
regression were used to investigate the relationships between rainfall, runoff, and sediment. Additionally, the lag
effect of sediment transport in the small watershed was revealed through hysteresis analysis. [ Results] (1) 94.55%

of flood events occurred between March and September, with the maximum rainfall, runoff, and sediment
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concentration observed in July. During the flood events, the runoff was 4.8 times the annual average, and the
sediment yield modulus accounted for more than 90% of the annual total. Flood events with a sediment yield
modulus exceeding 50 t/km”, which accounted for only 5.5% of all events, contributed 71.2% of the total
sediment yield. (2) Runoff was the primary influencing factor of sediment yield, explaining 89.7% of the variance
(p<<0.001). Rainfall amount and maximum 30-minute rainfall intensity individually affected runoff and sediment
concentration, but the combined rainfall-runoff indicator demonstrated greater explanatory power (R*=0.61) for the
sediment yield compared to single indicators. The relationship between runoff and sediment was particularly strong.
(3) Flood events under different hysteresis models showed significant differences in sediment transport processes.
The clockwise hysteresis model, which accounted for the highest proportion (45.87%), showed significantly higher
rainfall erosivity and runoff compared to other models. The counterclockwise model exhibited the highest sediment
yield modulus, while the complex model exhibited the highest rainfall and runoff. [ Conclusion] Under heavy
rainfall conditions, the rapid sediment response is the primary form of watershed erosion, with sediment sources
mainly distributed in the middle and lower reaches of channels in small watersheds.

Keywords: Dabie Mountain area of western Anhui Province; flood event; redundancy analysis; small watershed

in Jiangzi River; hysteresis curve
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Fig.1 Location map of small watershed in Jiangzi River
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Table 1 Rainfall, runoff, and sediment characteristic
indicators involved in flood events

FRIESS R EiG] Lk
Kok T 173 t min
(SR P mm
I T o I mm/h
Vi T AR5 1IE 8 45
' S ﬁaij( 30 mmfﬁ?ﬁ I:so mm/h
KRR 4= 1 g R MI+mm/(hm*<h-a)
WS HEYmE P mm
P t, min
T W i A Q, m’/s
bR Q m*/s
& AR 18
- o (RYTRAN H mm
BIAR C TN
T i Q. m’
b S kg/m’
Je U FRAE T8 4
S PR Y, k'’

YR RN A= 1 (R ) AR $iE Wischmeier (9 3155 7 %
E HEART
R —=FEI,, (1)
A Ly o — R R 2o A8 A e K 30 min M58 (mm/h)
E 2 — R B S g (MI/hm™) , A0 F .

E=Y(e-P) (2)

e,=0.29(1—0.72 exp( — 0.082i,)) (3)
K or=1,2, -, n R — W 1% R4 H
n /NI PR AR B BER B (mm) 5 e, o on B — I B
B B R B AE LM/ Chm?® « mm) )54, & 55 r I BE R
5 (mm/h) .
1.3 WMRFA*

AWt 5% f# H IC 4% 7 Br (Redundancy Analysis,
RDAY 5 Z I8 2 BlH /- M 8 G W v A2 T 5 T b 4
i Z 18] (9 O 2, {8 T [0 43 7 R 28 58 3k 08 1 ) 1) i
JERON o RDA J&— Rl 5% i 13 A2 1 55 i B 72 1 22 ()
O F L ACHE TR i a3 0K B R e B AR TR AR
VE Sy fif B 78 it 48 Canoco 58P #E4T RDA HR5% fi#
AR B X WR) VL FE bR ORI 48 AR L U8 VD AR AR D 19 5
K 50 R 2Bk 50 DE Al HE Y Ry o A R T
T 1) 3B 45 228 b 6 O 308 ) ik B 22 DR I 3 Y AR SR
Y RDA 4k R H Canoco 5 #1421l

Z 1% L I g —Fl N 24> B 722 g £ X Y



14 P i O S )

33 %

AR AT 0 S A8 i O AL e A [l R A A Y
Tk o VABETN 572 WA E 8 br o A 728 &, 4390 LA 3t
5 PR VD R AR A bR AR A PR A 8 AT 22 00 B A S
REVEAR LA (4 i A 1, o M B3+ R 4.4.3 {4
B “MASS RS A 52 91

i o A g K S R (Q S E b
(S Z B R EE k. 8 ih 2 (Q-S)
A LA 7 B S o8 U VD R AR S R VDR IRl R
LR, Q-S4 A AFh IS I At 41 AL CC W) 386 s 784
(ACW) 8 FHI(FO M 4 (CPXDO™ il i 157
HEAK 0 i 0] R A CHD 454 Q-S TE 25 34 W i 171 2%
R HIT >0 H Q-S T 25 5 M At 4+ A s 41 1, HT <0 HL
Q-ST% 2 5 16 B Sk 396 B A Y HT 4230 0 3R 8 - Al
o 2 A IR Q-STE A4S 2 W 4 I B 58 XL 3R 48y 8
TR, ARG TR A R P Q-STE A S N
T LAY CLIND , BP LA S0 v i 42 3k o 5 3 10 o () 34
], A8 B St R — 20 HIF Btk Bakpr Bt S
[l 7% B B 1 & b i (S) 22 it AR 2], AT

n

21(Sks.i— Ses)

HI =" (4)
n

s Sps HUEK EIRBTBCAEAR R QBT S, Ses. A
HEAK Il 9% By BETE AR U Q Y S n WA A ST B
HE S50 3R T R 4438409 “tdyverse” {815
1528

3000 1570
2500 12_ 4300 _
£2000 "o g
51500_ 9 .2 4600 =
i § R
73 L i S ,\
#1000 6 12 1900 X
500 | I\l =
43 41200
0_
4 1500
2017 2018 2019 2020 2021 2022 2023
E
EE ) EN)9 EN(O =HEY,
Yy, —= P, P

2 R 550

2.1 BERERRREDIFE
211 FEEFAREHFME 2017—2023 4 14 F
PR 1 524.29 mm, 4R RN 0.22 mP/ s,
AR B v BB 167.42 t/km?, 2019 4E & A= Y it
IR F AL 5 YR, A B T A5 9 K R ) 5 W A
e BF B e /NG L 43 90 910 mm, 289.5 mm, % 4F )
AP H A28 U A LT KRS Y SF- 24 g TR 0 O S AR
DRSS LK I P YD B Sy Fe /o 2020 4K HE
PFR U 2 (2500, H Q. Q. Q, ¥y £ 4 fie 171 (0.43
m*/s. 1.4 m*/s.6.13 m*/s) . SR, fx KAE = VAR 8L
CY D5 HK =y BB CY ) HBLAE 2018 4F , Hirp Y,
581.86 kg/m®, & H AW AR 4y P (E 9 5.9 4% . Btk &
Az I AR T AR I R R ) 4.8 L R
G AE [ RN B0 59.45 %, HEK 35 R i PR U B ST R T
SAE PR YRR 90 % LA B 2)
FEAE REE I P34 H B R 5 130.84 mm, H P
iy 0.193 m*/s, A ¥ ¥ & v ik 0.038 kg/m’,
TR/ AU S <) R S S VY F A e o S
F4—8H , M &= (P,)¥ K F 150 mm. £ 104 ¥ itk
KM KA 39 H ), ok R B
94.55% ANA 6 IRPL/AK F A LA T 10 H —R4E2 H
B R H R TR A 267.2 mm, fr K H A2 0.46
m’/s, KRSV EHOLkg/m*, BT 7HA2).,

1000 1.0 -0
800 N ~
. 0.8 | (5%
ﬁmo 0.6 & k)
I e
= 400 i 1.0 2
& 0.4 N 2
200 = =
m g5 ™
0 02]]1 om
0 420
123 456 7 8 9101112
A &
Bl fsvE —— AKBWE

A ARE

T QR K I - g 3 4 5 Q RN AR AR i s Q, RN ML LA 1 Y FOR AR PR VAR Y SRR MK SR i 7 AR P FROR AR R R A PR

7 K P B R

B2 BEW.RRVRDEIEERNER.E N TR

Fig. 2 Inter-annual and intra-annual variation characteristics of rainfall, runoff, and sediment indicators
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Fig. 3 Redundancy analysis results between rainfall, runoff, and sediment
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Table 2 Multiple stepwise regression analysis among rainfall, runoff, and sediment indicators
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Fig. 4 Statistical characteristics of rainfall, runoff, and sediment indicators under different hysteresis models
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Fig. 5 Runoff-sediment processes and hysteresis curves of typical flood events under different hysteresis models
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