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Abstract: [ Objective] The aims of this study are to investigate on the evolution of rainstorm events and the
sources of water vapor transport in Hefei under the background of urbanization, and to provide scientific
basis for local rainstorm forecast and formulation of adaptive disaster prevention and reduction policies.

[ Methods] Trend analysis, Mann-Kendall non-stationarity test, GIS spatial interpolation and other methods
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were used to explore the spatiotemporal evolution of rainstorm events in Hefei, on this basis, the
characteristics of rainstorm water vapor transport were analyzed based on the backward trajectory HYSPLIT
model of Lagrange method. [ Results] (1) The urban heat island effect showed an upward trend (0.266°C /10 a),
impervious water surface continued to increase by 4.99%, the large-scale interannual variability of urban-
suburban rainstorms had a feature of asymmetry, with an increase in the amount and number of days of
urban rainstorms and a decrease in the intensity of rainstorms at a rate of —1.7 mm/(10 a *+ d); and an
increase in the intensity of suburban rainstorms at a rate of 1.1 mm/(10 a » d); and a decrease in the amount
and number of days of rainstorms. The spatial distribution of the large value area of rainstorm intensity
extends outward from urban areas. (2) Urbanization had increased the number and extremity of rainstorm
events in downwind urban areas, and the urbanization effect was more pronounced in the rapid development
phase than in the slow development phase. The contribution of urbanization effects to the rainfall, number of
days and intensity of rainstorms was 41.2%, 50.1%. (3) The water vapor transport from the Indian Ocean,
the Bay of Bengal to the South China Sea and the Western Pacific accounted for 44 %, 64% and 54% of the
total water vapor, respectively, and the water vapor mass from the southwest was the main source of water
vapor during the rainstorm process because of its low initial height and large specific humidity. [ Conclusion ]
The asymmetry of rainstorm events in the suburbs of Hefei is more significant in the rapid development stage
of urbanization. In the future, we should strengthen the research on the mechanism of rainstorm time change
under the background of urbanization.

Keywords: urbanization effect; spatial and temporal distribution of rainstorm; water vapor transport; Hefei
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Table2 Percentage of different urban land-use in

Hefei during 2003 —2020 %
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KK 10.42 10.31 10.05 9.71
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320 S ol T S 1

o531 %

(=)
(=]
1

ABBRWEE

W
(=]
T
]
2|

B,
B

=

o
1

N
=)
T
B

EWHH/4
S 38

—
(=]
T

(=

Ll

6 7
A #
4

E%Eﬁ.-m
1 2 8§ 9 10 11 12

10 - C WBHWH

EWHH/4

D N n

S O — —

A &N & &N &N &N © O O O <@ O
ﬁﬁﬁﬁﬁﬁﬁ A N & & A

Bﬁ%%ﬁ@%

D BRI

4 1971—2020 FEEH —NEFTHHATH . EXZTHE. HEMBEEFTL

Fig. 4 Monthly variation, rainstorm rainfall, rainstorm days and rainstorm

intensity in urban and suburban Hefei during 1971 —2020

HEAT ST R DX 2 T S 18] 5 51 0 26 1
3R 4 R B2 TR S 1 AR A — E 1A R FR
ST AT DX A 2 T T 8 A #5302 5.5 mm/ 10 a FiI
—3.1 mm/10 a; 4F X5 H B Lo e 1k 03 5 oy
0.03 d/10 a FI—0.07 d/10 a;4F- 34 5 R 38 3 1 22 M 25 Ak
FFEHH —1.7 mm/(10 a » O, 1.1 mm/(10 a * d),
Rk T 2 B A 1 22 e A, R v i R A e
PSRRI TR A 1Y 22 e (H 2 R R 1 A H £k
VB AR T A A R I A R i K
PERYRIFSE i RV ST A2 f ) A0 i g 7K A7 4
SR 22 L H IFAN 2 O W i e 7K AP G A R AR R 5 A
i FE L, R USSR R G0 A SRS 3
A JE e o B K A R A 2 1 B T

3 T B3 T Sl A0 R DX 3k 2 R 1 0 AR AR AR
e % (3 3) , T 2% T A 2 R H R KA Y
BAE 21 A2 10 4FAX, 28 W 5 BE 5 R(ELHE BRAE 21 i
LAY IR 10 s 150 DX 2% W R R A H B0 K X B
20 g 80 44X, % WY 3 fi R AH H BLAE 21 42 10 4F
o 20 2 70 ARACR T H PR S A L BilE ST b
K B FAFIEAZ S, 90 4E D, EA 21 i
al e T A AR R R B B, B T SRR, 2T
FRER L HOBORS8 JEE 35 A D s (. 28 TR R A X A
5 LR A E R H B Z B 45 ie i — 2,
FEHR L 20 HH28 80 AFAR LI, 7R - 5= X 5 J3E Ik
559+ 7 AN A7 AN W R A% 8 e ) 9 B K 4 e 2R AR
HARF B 21 HBON 2 2 W S,

R3 HHAERTH —BEREGHHERREL

Table 3 Interdecadal variation of rainstorm events under the background of urbanization

s Z T i #/ mm 2T H#/d FFMAE/(mm - d ")
) R IX. i R IX. i R IX.

1971—1979 211.8 249.8 2.8 3.3 73.6 67.8
1980—1989 212.3 258.1 2.9 3.4 77.6 72.1
1990—1999 192.4 247.9 2.8 3.1 62.5 68.6
2000—2009 171.8 223.9 2.2 2.8 83.9 72.0
2010—2019 262.9 253.0 3.6 3.3 72.2 75.8
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Table4 Variation difference of rainstorm events and urbanization contribution rate
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R,/mm R,/d R./(mm-+d ") R, R, R;
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—36.4 100 —100
W 2003—2020 243.6 3.2 77.7
19712020 246.6 3.3 77.9
20.3 25.6 —100
1971—2002 302.9 3.9 76.6
RBIX 2003—2020 278.2 3.5 78.0
41.2 50.1 —100
1971—2020 291.6 3.7 77.2
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Fig. 8 850 hPa Vapor flux of typical rainstorm process
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Fig. 9 The water vapor change in height and specific humidity of typical rainstorm process
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