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A study on the response of extreme rainfall in Wuhan to climatic factors
CHE Xuheng,ZHU Junjun',ZHANG Liwei, LIU Haojie,ZHOU Wangqi, DU Hong

(College of Resources and Environmental Science, South-Central Minzu University, Wuhan 430070, China)

Abstract Based on the data from the meteorological station in Wuhan from 1961 to 2020, seven extreme rainfall indices
were selected to explore the temporal evolution characteristics of extreme precipitation events in Wuhan by linear
regression analysis, Mann-Kendall test, moving average method and R/S analysis, and the responses to shifts in diverse
climatic factors were examined. The results showed that: (1) The annual precipitation in Wuhan ranged from 647 mm to
2009 mm, with an average increase of about 4.46 mm per year. Except for R95¢, other extreme precipitation indices such
as PRCPTOT, SDII, RX1day, RX5day, R95p, and R95d showed a significant upward trend. (2) The average summer
precipitation accounted for 42.81% of the annual precipitation, with an annual growth rate of 2.64 mm, making it the
season of most concentrated precipitation throughout the year. Winter precipitation accounted for only 9.78% of the annual
precipitation, with a growth rate of 1.68 mm-a™". (3) Except for R95¢ and R95d, other extreme precipitation indices such
as PRCPTOT, SDII, RXlday, RX5day, and R95p had a positive correlation with the average temperature. The
cumulative sunshine duration in each season exhibited a notable negative correlation with the average precipitation in the
corresponding period, and all kinds of extreme precipitation indices also showed a negative correlation with the annual
cumulative sunshine duration. (4) Through R/S analysis, it was predicted that the precipitation in August, September,
November, and December would show a trend opposite to the past, while the precipitation in January, February, March,
June, July, and October would maintain the previous trends, and the precipitation in April and May showed a random
walk trend. The results indicated that the extreme precipitation and the number of days with extreme precipitation in

Wuhan had significantly increased in the past 60 years, but the yearly precipitation intensity did not significantly increase ,
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indicating that extreme precipitation were more concentrated. The frequency of extreme precipitation events was positively

correlated to temperature and negatively correlated to sunshine duration (radiation).

Keywords Wuhan; extreme rainfall; temperature ; sunshine; Mann-Kendall test; R/S analysis
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Fig. 4 Scatter plot of extreme precipitation index in Wuhan from 1961 to 2020
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Tab. 2 Interannual variation rate of extreme precipitation index in different regions

TF 5% X3 PCRPTOT RX1day RX5day SDII R95p R95¢ R95d
AHIFFEIX 3K (1961—20204F) 4.5 0.25 1 0.21 3.3 0.0006 0.043
AR (1960—20204F, 25 6 1) 0.9 0.14 0.6
KR (1961—20204F ) 5.38 0.83 2.05 0.054 2 0.11 0.005
M4 (1960—20204F) 0.9 -0.437 -0.595 -0.055

VE £ 75 LD TSR
24 WHimPEKESEBHXER

E A WFIT M, SRR K R IR 25 1 Fl 2%
) AR R 2R, A ) A AR A X TR K B 43 A
BRI A BRI B 3 T T
1961—2020 4F- A [A] 25 45 7 ¥ F K & 5 - ¥ <R
KR (ES). B 5HE(a) (b) . (c) (D)5l hEFZ,
RN &SI SR ] & I RS R P
A5 L IR 2] IS Z25 1) Spearman A ¢ R £33
$7-0.07.-0.33.-0.33.0.36, B . 7] LL & 3| |5 4 7

800 R=-0.07

B, Hex 21 17 B K R 32738 2 240 B A O
JELIA AT RS BT & T2 2 B0k A T AT IR I8 <
T, S BUR KGN . H A =i Ul R AR AT,
JK R BB AT BEAZ T XL MU T R ER IR R
T2 AR AN B 5 BB B 52 3 P e
i, 33 AT BE S B il T 5 B R AR AR AR K
Z 1) B AR O K U I > 4 R [ i I
A7 BB 2L T i A o B — 2P A M i
KA B Z A1) O AR

15007 p=—033

P<0.05 1250 P<0.05
g 600 . . :
g . 1000
I8 400 { — S . Pps 750
= v * 500
% 500 ’ il P
250 & te . - *
0
15 16 17 18 19 26.0 265 27.0 27.5 28.0 28.5 29.0 295
t/oc t/OC
(a) HE OEES
R=-0.33 4001 Rr—036
600 P<0.05 P<0.05
§ 300
= 400
i) 200
%
200 100
0 0
16 17 18 19 20 2 3 4 5 6 7 8
1°C 1°C
(o) k== d) &%

5 Tua Rk i S R B R R K

Fig. 5 Relationship between mean precipitation and average temperature in four seasons
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Tab.3 Correlation coefficient between extreme precipitation index

and temperature

Wi b K HE AL TR FEL

PCRPTOT 0.034
RX1day 0.052
RXS5day 0.163
SDII 0.049
R95p 0.011
R95¢ -0.095
R95d -0.007

2.5 MuimbEKS HERBEEX R

C A WFoT 2 W B K A8 4k 5 28 UK A8 (L
FAH O T3 W W5 A 28 TBUR 1 AR S K BH R 55
S AT I T 1961—2020 4F R[] 2575
PRk i 5 H B H KA R (F6) , 7115 2

s () P 9 2 2 ol AR g B /K B84 0 . 3 — SR ] g
BT =24l Y = e, H AT E) A A 95
T A B CE RS K L R, AR H R
[i1) 5 B K 2 (R S B AR SR e 2R
26 MBEETLRERSHT

FILH R/S 43 A1 e i Ui 8 it R 7K 6 BRI T
AR % H WK 9 Hurst 3550 CHD) #1738, 45 5%
TE LR 5.1961—2020 Z 4F4F N 4 H 43 1Y Hurst (B 11
BRI 8 H 9 (11 A (12 AW HAL T 0~0.5
X T8 N, B3R B R, vl LI LB A4S H
Pk AR BH G ZRiaAMER 1 20 37,
6 H .71 .10 AW HAE T 0.5~1.0 X [A] |, #a3 Ky 5
e, DL 7SS A PR K B R KK 4 35 22 i i
#a4 H 5 H B H~0.5, T3 DL ERAS H K
N B BILIIEE ]33]

1961—2020 4F- 45 4 i B4 7K 48 2219 Hurst {EL T35
g5 S H T A W it A K O F 0.5~1.0 X [H]
N, A ke iU T 45 W st 28 7K g BT e B g
FRERE , BIDR ORRE S 2 AR R AR fh ka3

F4 BOmMAKRECS Bt B IR A R

Tab. 4  Correlation coefficient between extreme precipitation index and

cumulative sunshine time
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Fig. 6 Relationship between the average precipitation and the cumulative sunshine time in four seasons
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Tab.5 Monthly precipitation and extreme precipitation index Hurst

exponent calculation results table
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