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Abstract [ Objective] This paper aims to systematically investigate the spatiotemporal distribution patterns of rainfall of varying
intensities in Shanghai City, with a particular focus on the spatiotemporal heterogeneity of rainstorms and urban-suburban disparities
through spatiotemporal statistics and clustering analysis method. The goal is to provide a scientific basis for urban waterlogging

prevention and planning. [ Methods] Based on observational data from 160 rainfall stations in Shanghai City from 2014 to 2017, the
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K-Means clustering algorithm was used to classify 24-hour rainstorm events. Statistical methods were applied to quantify urban-suburban
differences, and geographic information system ( GIS)-based spatial interpolation was used to map the spatiotemporal distribution of
rainstorms. [ Results] Light, moderate, and heavy rainfall showed relatively uniform spatial distributions across districts in Shanghai
City, although their rainy-day frequencies varied; rainstorms exhibited significant spatiotemporal heterogeneity, with higher frequency
and intensity in northern and southeastern coastal areas compared to inland western regions; rainstorms were strongly seasonal, mainly
occurring during the flood season (>55% of total ), with peaks in June and September. Urban areas experienced more frequent
rainstorms during these months than suburban areas; K-Means clustering identified four types of rainstorm patterns. The bimodal type,
accounting for 38% of cases, had the highest cumulative rainfall ( mean value was 81.95 mm) but the lowest temporal concentration
(peak precipitation ratio was 30.7% ) ; Different rainstorm types exhibited varying probabilities of occurrence across administrative
districts and months; urban areas experienced significantly higher rainstorm frequency (5 d vs. 2 d), intensity (71. 82 mm vs. 62.46
mm) , and peak precipitation ratio (30% vs. 20%) compared to suburban areas. [ Conclusion ]  This paper recommends
implementing zone-specific urban drainage strategies tailored to rainstorm heterogeneity, prioritizing drainage capacity enhancement in

areas prone to bimodal-pattern storms, and optimizing drainage system designs in central urban areas based on precipitation

concentration characteristics. This paper provides valuable data support and decision-making references for refined urban drainage

planning and management in Shanghai City.

Keywords rainfall at different levels rainstorm K-Means analysis
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Tab. 1 Statistics of Land Area and Impervious Surface
Ratio by District in Shanghai City!""’
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Tab.2 Results of Cross-Validation

X3 AR P MAE/mm PR
FOEX 12 4.72 5.7%
FATLIX 17 9.58 11.3%
HifIX 10 5.02 6.9%
£1lX 13 12.42 14. 0%
X 13 17.23 15.5%
BIATIX 11 13.45 13. 4%
FIX 13 6. 46 8.1%

AR 44 21.42 17. 6%
gL 27 9.73 10. 7%
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TUFERTR | A/ ME I (a4 o PR g, R B AT 9

[ 72/ SRR T/ mm W E KK L - \ RN
- e - 1 5 IR T A5/ (LR R )4 TP g,
T g A4 550 58.99 37.10% . it ey o
e s o2 - 00 RAEAET Ao A DXAYZERIH AR - 551 DX LA 2
' ' TR 35 A DX T LI DX T AL A g L XU Y
J ) 366 80.78 37.70% RN g L a1y L
s ool i1 s ‘0. 700 TR E , AETE RN L BT B T AR b & AT BUIX AR
- - ANTRLA 453 R OGRS R A BR R SR
0.7
-
m—
0.6} vz I e
= LI 7R
05
&
5 0.4t
®
=03
%
0.2+
0.1
0.0 ' M 7 Z Vi Z

X4k
7 EXEBERWREARE

Fig.7 Rainstorm Types Composition of Different Regions

K RBERK RGK SR AHE didd

— 155 —



RN, R R, A

2014 4F—2017 4F L ¥ 17 [ 7 I 28 7 A1 A8 A S HEom 22 5

Vol. 45,No. 4,2026

0.5 05r
i 2 LRl 3]
041 0.4}
i -
03 03
5 g
‘é 02t ?,3 02t
0.1 0.1
00 L L L L A A 1 A L A1 ' 1 0 ' ' ' ' L A
18 28 38 48 5H 68 78 87 9A 10711 A128 1A 20 31 48 50 6f 7H 88 9H10H11 H12H
Ay Aty
0.5 05r
. R .
0.4} 04
B 3%
£03 £ o3}
¥ =
iz 02} é 02t
i )
0.1 0.1

At

0 1
1A 2H 3H 48 5H 68 7H 87 9H10A11 H12AH

olb——
1A 2H 38 480 5H oA 70 87 9A10H11 H12H
Ay

8 BAXBRWENSH
Fig. 8 Monthly Distribution of Various Rainstorm Types

2.3 WMEMERLEE

RSO B XA RBIX AR, 5 rp ot 9 X
Xttt RES IR AEKERIN(L N 18%) ,
AHALG TAVIX @RI, 4 TR Tk X,
MELMR R BRI RBRRAE, ML Z T, 2 B XA 3%
IKFL Ry 25% A s T4 1L X, JF H ik
HREWR =L S A A B, S R IR F & A
RN H G VR, BEAF A B < IR T A KB IX A
R IEIE A 1E 0 5 H oD R X (>90% ) 1% HxF 4
27 RN 9 R T IR RRF T I 2 R PR A X L g
MAHFRT DU L T 0 B W EOR H O T A
WX, A3 e 1509% F1 15% 5 17 0 2 T A e {1
B 7K Lo i 122 B X, FE B[] RUBE | 9 4 v o
T O FR RN LA g R R NI AR Ry 2 A L
i 75% ;B JR e B B W b A, Hogy 3 BN EE
WE DX o5 F T 7R 30% 247, DA EgESRE I T
X AW AE H A, B B E) A 4 A v T T AR
TRBIX, I H AR b 25 W DX, i ol 1) X000 7Y 2

7 WHOLMEEXERBESITE

Tab.7 Characteristic Statistics of Rainstorms in
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