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Effects of extreme rainfall events on runoff and sediment in the southern red soil area: A
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Abstract: This paper explored the influence of extreme rainfall on flow and sediment in the southern red soil region based on the
daily rainfall, runoff and sediment discharge data of from 1984 to 2020, in the Upper Ganjiang Basin of the Lake Poyang system in
Jiangxi Province. The 95" percentile method was used to isolate extreme rainfall, and the minimum inter-event time method was
used to split rainfall events. The Pettitt test and linear regression method were used to analyze the abrupt change and influencing
factors of flow and sediment. The results showed that; (1) The period of extreme rainfall events was the critical period of sediment
output in the basin, and the contribution of extreme rainfall to sediment was 85.58% —87.79% , while the contribution to runoff was

38.33% -43.42%. (2) Under the extreme rainfall scenario, the annual runoff decreased from 209.21%10° m* in 1984-1995 to
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165.23x10% m® in 1996-2020, while the annual sediment increased from 3.65x10* t in 1984-1995 to 12.8x10* t in 1996-2020,
and compared with 1984-1995, the percentage of runoff and sediment generated by extreme rainfall in 1996-2020 has a decrea-
sing trend, respectively showed from 43.42% to 38.33% and from 87.79% to 85.58%. (3) Rainfall was the main factors influen-
cing flow-sediment changes in the basin under extreme scenarios, with standardized regression coefficients of 0.39-0.57. The flow-
sediment changes under the normal rainfall scenario was mainly influence by the antecedent rainfall, with standardized regression
coefficients of 0.10-0.29. (4) For extreme rainfall only, the standardized regression coefficients of rainfall on runoff and sediment
increased from 0.33 to 0.36 and from 0.12 to 0.17, respectively, from 1996 to 2020 compared with 1984 to 1995. It suggested that
the effect of antecedent rainfall on flow-sediment change was more significant in the period of “reduced runoff and increased sedi-
ment” . Therefore, when formulating basin management strategies, attention should be paid to the influence of extreme rainfall on
the flow-sediment changes to ensure that the measures are feasible.
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Fig.1 The location of Upper Lianjiang Basin and the distribution of hydrological stations and rainfall stations

(Rivers in the study area as a result of spatial analysis)
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Tab.1 Statistical characteristics of different rainfall types in Upper Lianjiang Basin

FERIJEm  AREAR R HIfH RKE F/ME brifE2E Cy( ERH)
Wi R/ (mm/a) 743.00 1384.99 264.36 251.61 0.34
R T B i)/ d 19 32 7 5.68 0.3
i/ (mm/d) 39.88 48.64 31.04 4.61 0.12
LB R/ (mm/a) 811.21 1127.89 621.03 95.01 0.12
W i)/ d 114 157 87 12.62 0.11
Wi/ (mm/d) 7.16 8.21 6.30 0.47 0.07
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Fig.2 Annual variation of extreme rainfall days (a) and extreme rainfall (b) in Upper Lianjiang River Basin
(The solid line represents the median, the cross represents the mean, the upper and lower boundaries
of the box are 75% and 25% quartiles, the whiskers above and below the box

represent 90% and 10% quartiles, and the dots above the horizontal line are outliers)

2.2 ST bk b I 4T

THEVL b Ui T AR U RN VD Bt B9 A PN 40 AT U S M R R A B, VR (4—9 1) DR LR E A (4—6
R ) At A v i R IR S 0 2 AR i A VD i AE 6 0y B AR KA s T AR AR R, JR R 10—
12 A R 2 0 N (B 3) o BRVE RIS 1984 — 2020 47 4F 42 3 1 FAR S Vb 2 19 28 AL R AT
R AR T R A RO S AR R VD R 3 a3 M a3 R 805 512 - 0.78 F1 4.59,5 4R 2 F-H{E
TE B BRI I 3 5 AP 42 2 R AT i 10 2 1 AR Ak I R 58 42— 3K, (ELUR7E 2000 47 5 1 & 19 28 Ak 1 B #8E r 4d
o, L A R Y R R B (BT 3) .

SHBFFEASRITD BY B i 7K VD AR AR, B 4 b 5 B i v et 7 A 0 DR R, AR Sl Y Pttt 467 36 %86 VI I 5
37 AR VD A TS AR RO, R AR AL e R U ek A S8 A8 5 A N TE 1997 AR 1995 A (8] 3) o BRARIA
VAR SR B R 2 BE R 1995 AEAE RIS AT ST 5 RN 2 R, AR 2 FTLLE H, RS
1984— 1995 4F- Z2 AP s R T Ko 107 RS- 2042 5 4 209.21x10° m? | A8 Ak 3 il 247 40.06x 10° ~382.32x 10° m” ; 2745
J& 1996 — 2020 4F: Z2AF M Sk TR % 7 1 - 148 T f Ry 165.23x10° m® | AR (K Rl 49.64% 10° ~ 443.70x10° m’ ,
ZRASHT 1984 — 1995 4F S A S P R % 7 A Vb4 3.65%10° ¢, AR AL ] 0.45%10% ~7.14x10° t; 748 f5
1996— 2020 4 ZAFHS 2 55 T XoF 107 S B v 12.80x 10% 1, AR AL T Ll 0.74x10% ~61.74%10* 1, W] L, 58748
J& 1996— 2020 442 37 2 A V0B A e R (B AR AT A KRR 4R e , 78 Sk i, (EL AR S B AR i, U
UL s,

& 3 SRR D B AR o0 A B B — B, BT FIRII(4—9 7)o #F 2Bt AR
OIS S T R AR AR YD B 0 o LU AT T (3R 2) SRR b R e R A 3 R 7 AR B R AR T AR D
5 AT R AR VD Y 45.95% ,39.98% F1 86.29% , TE AN [ B WA AR s KA T 155 S0 7 A R TR AR 07
T WA ANI], 1984 — 1995 4F[8] =3 1Y 5 Hu a5l 0 44.73% 43.42% F1 87.79% , 1fif 1996 — 2020 4F[i] | 43



2138 J. Lake Sci.(#:a#2) ,2023,35(6)

(a) (e)
e +s/ﬂ%fﬂmﬁ g 150 - - )
4 BRI "'L%‘Qj((’fl(}lh = 100 B
= 1000 2 sl r
g o .
Z -50F B
IH_ 100 I é
£ 150 = é#
€% 1990 2000 2010 20204 12345678 91011124
- (d) (
D i +5¢«@mﬂﬂuﬁ g 300 351
— U - 2R (Vb5 T L =30k
=700 iy el = ﬁﬁ’%‘“ (Vb it % 200 2ol
600 £ 100 . X 20l
< 500 5 ok 19954 =
2400 & g 151
15 300 £-100F / = 10- :
L =l N B il
& 2 300 [ e TR 0 ==

ooV | A 2 =300
> 5 5o > o & %0 1900 2000 2010 20204 T 234567 01112
CllSH \o,o» USRNSSR & EE 71980 199 0 4 345 39 A

P 3 PR AR A A v R A AERRAE L (a b)) (AR A (e d) FIAE N2 (e f)
(Hor e i f P sEgRAR R PSR, LSRR IME, HHERY T A 75% i 25% Wik,
FHE T AYZRIBICER 90% T 10% B4 i %%, Bk F 7 B A FfE)

Fig.3 Interannual variation (a, b), mutation point (¢, d) and annual distribution (e, f) of
runoff and sediment in Upper Lianjiang River
( Where the solid line in e and f represents the median, the cross represents the mean,
the upper and lower boundaries of the box are the 75% and 25% quartiles,
the line caps above and below the box represent the 90% and 10% quartiles,
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Tab.2 Extreme rainfall and runoff and sediment transport in different periods and account

for the proportion of total rainfall, total runoff and total sediment respectively

g ] VISUE = i wKMH He/MHE brifEzE Cy( L)
Bk s 4% T e/ mm 743.00 1384.99 264.36 251.61 0.34
5 A LA % 45.95 64.00 24.64 9.08 0.20
B/ (%100 m?) 179.49 443.70 40.06 88.45 0.49
o5 AR LA % 39.98 59.01 24.02 8.26 0.21
bR/ (x10% 1) 9.83 61.74 0.45 10.79 1.10
o AR L % 86.29 98.95 64.31 9.79 0.11
1984— 1995 4F % 3t K88 T H/ mm 721.85 1162.96 264.36 286.18 0.40
o5 AR LA % 44.73 58.56 24.64 10.68 0.24
R/ (x10° m?) 209.21 382.32 40.06 92.63 0.44
o5 4B LA % 43.42 59.01 24.02 10.23 0.24
bR/ (x10% 1) 3.65 7.14 0.45 1.99 0.55
o5 AR LA % 87.79 98.95 67.53 10.06 0.11
1996— 2020 4F % St B T H/ mm 759.27 1384.99 417.28 232.52 0.31
o A LA % 46.53 64.00 33.91 8.14 0.17
R/ (x10° m?) 165.23 443.70 49.64 82.65 0.50
5 AR LA % 38.33 50.21 26.58 6.51 0.17
bR/ (x10% 1) 12.80 61.74 0.74 11.96 0.93

TRl % 85.58 97.48 64.31 9.58 0.11
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Tab.3 Event scale labels and contents of sediment indicators
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Fig.4 Correlation analysis of extreme andnormal rainfall events with runoff and sediment
('The lower triangle area shows the scatter plots, the diagonal line indicates the distribution status of the
corresponding data; and the upper triangle area indicates the correlation coefficient and the level of
correlation, Corr is for all rainfall events, ER is for extreme rainfall events, GR is for normal
rainfall events * represents P<0.05, =% represents P<0.01, s#% represents P<0.001)
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Tab.4 Standardized regression coefficients of runoff and sediment transport under extreme and
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Fig.5 Spatial distribution and area changes of orchards in Upper Lianjiang Basin
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