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Research on extreme precipitation events in Beijing based on multi-resolution rainfall data//ZHANG Wei'*?,

WANG Xuan', SUN Huichao', LI Junqi'?” (1. Beijing Engineering Research Center of Sustainable Urban Sewage System
Construction and Risk Control, Beijing University of Civil Engineering and Architecture, Beijing 100044, China; 2. Key
Laboratory of Urban Stormwater System and Water Environment, Ministry of Education, Beijing University of Civil
Engineering and Architecture, Bejjing 100044, China; 3. Beijing Energy Conservation & Sustainable Urban and Rural
Development Provincial and Ministry Co-construction Collaboration Innovation Center, Beijing University of Civil Engineering
and Architecture , Beijing 100044, China)

Abstract: Based on the minute resolution rainfall data of Beijing basic station from 1987 to 2016, Kruskal-Wallis test was
used to statistically analyze extreme precipitation event samples obtained from multi-resolution data such as 1 min, 1 h,
3 h, and 6 h. The differences in rainfall characteristic indicators of three types of exireme precipitation events, including
short extreme precipitation (SEP) , long extreme precipitation ( LEP ), and persistent extreme precipitation ( PEP) were
compared, and the temporal variation patterns of extreme precipitation events using methods such as Sen’ s slope, Mann-
Kendall test, and ordered clustering were explored. The results show that extreme precipitation in Beijing is mainly caused
by LEP events, and the resolution of rainfall data significantly affects the statistical results of precipitation amount and
duration. The rainfall data of 1 h resolution can basically reflect the main time characteristics of extreme precipitation
events. Differences in data resolution can cause deviations in the identification of rainfall concentration and rainfall
concentration periods for extreme precipitation events. Extreme precipitation in Beijing is mostly distributed from June to
October, and mainly concentrated in July and August, but there is still a possibility of PEP events occurring in September
and October. SEP and LEP events often occur at night, while PEP events are more likely to form rainfall peaks from 700
to 12:00, posing higher potential risks to residents’ emergency shelter and waterlogging emergency response. Within the

statistical period, the difference in data resolution does not have a significant impact on the prediction results of
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precipitation amount and frequency trends, but it will increase the uncertainty of rainfall duration prediction and cause a

“jump” in the year of sudden changes in rainfall characteristic indicators. The precipitation amount, frequency, duration,

and concentration of PEP events are less affected by data resolution.

Key words: extreme precipitation event; multi-resolution rainfall data; Kruskal-Wallis test; Sen’ s slope method; Mann-

Kendall test; ordered clustering method; Beijing

SAGEAR AR T PR 2 i T BE- 5 O T R R A
A 3 AR A i A R A R e Ol W
ISR A T 112 23 55 7S R PP A i o S B 3R
T A A BORE S TR R IR R A T X R i A =
AR IE AT R G VR L Wit R 51 & ) it
I FE 2 TE B A A i R RN W 5 e Al ok DK R
JHIRE Sk AR s A T A T R R 1 5 8 R kT
IKBE TAER 2255, O BCh Bl N A2 38 8 A5 ¢
T ) BB i A S 8 R i R Ao g s S
ok T e B 0 B o2 T ot B ) o R el R, AN [ &l 5
SO A A A AE AN [ B | e SO Al i AR TE G
Gi—hnifE, B R T AR AE B 9 K 2 R R B E S B
2 H AR R RS [R] P R K i SO S A T
FF iR A A PR IEAE L 24 b R A
FUBERIF 5 AR ME TR 5 348 S5 P b8 W Ao A, i 3 0 1
sy B2 FR 4 WT BETE H RUBE SR BT 9 A\ & 31—
R T S R TR AR LA A 1 e A
P e R R IR RR R W sh L R, R R
R TR ) B RE AR, B R] 23 A 32 )92 &3, Han
A5 BRSBTS ] 4 A s A S B PP 2 R 3 5
P, FFHET AR S 62 W 253 A1 W] e 2 U S AN )
P TE RS R R e T A F R RIS it e T 4
R AT T DO S i AR R AR AL, & AR
BV H AR R (] RUBE T 18 2 B0 A8 S
WA N [RHFE A ] R R R 3 IR P B 7 43 ]
FEAEAEM 225 . Deng %51 W58 A U S I K
Py s R R (FR2Emf B R T 6 h) E 2 e 0—
6 I, T LT3 Py SR AR R < (P 1) 1~ <6h) 2%
HIAE 18—24 Bif, HLEAE A (R BE g

WEET oK EIFERIIES 0, M) X
A BFE50 i P- M ALS3 A4 Gumbel 4347 ™ SUAAE 53
A1 45 I 3K BB B 45 b R B R K = 0 S8 PR 4 A R
FEN T BS54 2 0K 56 7 7 N 16 B S b S WA
Ui P T AR AL LA, AR S8R 90 7 IR A R T R R SE it
AIAT H AR B B 0 3 M, Santos 2RI A
Mann-Kendal ( M-K) K358 11 Sen” s £FHR 4081 & FL,
%G oF HfE 8 B K i 5 D B, Jiang
AEUOSE T M-K AR IR TR S A R IR X AR
Ui B 7K R 2R AR ARGy . SR M-K A 36 TR ) 28 A
ERAEEAF IR N A 2% m 2 TR 228 s R0, A T
M AR as A w5 pER s 2275
. 124 -

FR /NSO AR P B AR m S B L, W
FETERT P o3 A AN 5] e A8 SRR (R E S IR 5
KRG FE B UIAROC b BE A R BSCE A B T U I
W R Al AR H B Tl AR SR A, B i 2 Bt o i
FIELL TR 6 h2 G A BE T RO T R e
A o5 I SR T T 0 i 3 T AR 552 il ) A 5

PRI, AR SCEE B AL S AR 3 1987—2016 434 47
Bk A T RS L A SO A X B i oA 7K 4 1R
A SE I, 43 A4 B I A T . SCRIVRRAE 43 A 1Y) 3
EUECHRRG R, B DA 30 R i R T A B () R | AR A
PN S RRAE | LU Ay Sl i A 2800 08 A5 iy [ T =
R ) N B UK [ SIS 2%

1 WRFE

1.1 HRinEREGNS

B | It | A T S S DTN Vs e A2
39°56" R4 116°207 , ATEL X BN AL 55 20 M FEI R K
Hb TSGRk (P8 1) o ASSCEE T2 o 2 i Y
AR G ul b T B A (X a5 54511) 1987—
2016 432 53 Bi0ks B R R A5 I R BT
i
o EFG— Il

o [ R PHEAE
* [E GG IEA

i a®

N

A AR
13k 40 °.4:_A I

L el

G ilie

E1 dtETERFSEUNESH
Fig.1 Spatial distribution of national meteorological

observation stations in Beijing
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Fig.2 Schematic diagram of division of extreme

precipitation events
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Fig.3 Sample distribution of conventional and extreme precipitation events based on rainfall data with different
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Table 2 Test values of temporal variation trends of various extreme precipitation characteristic indexes

*&fﬁ%ﬁ%ﬂj‘%ﬂ PA PF PD PCD P(‘.P P’]‘
EP,, 0.0030 0.0000 0.3600 -0.0029 -0.2844 0.0045
EP,, 0.0022 0.0000 0.3067 -0.0009 -0.2767 0.008 1
EP,, 0.009 1 0.0000 -3.2375 -0.0033 -0.4666 -0.0273
EPy, 0.0111 0.0000 -13.4260 -0.0032 -0.3561 -0.0434"
EPg, 0.0889 -0.0001 3.4964 " -0.0070 -1.3725 -0.6464"
SEP,, 0.0230 -0.0001 1.3187 -0.0119 " -2.1401° -0.4451
SEP,, 0.4433 -0.0012 0.0000 0.0040" 0.9010" -0.8571
SEP5, 0.0000 0.0000 0.0000 0.0065* 1.3548" 0.0000
SEP, 0.0386 -0.0001 2.8104 -0.0095 " -0.2763 " 0.0473
LEP,, 0.0141 -0.0001 2.4673 -0.0093 " -0.4005 0.0222
LEP,, 0.0550 -0.0001 0.1896 -0.0153" -1.1239 0. 0680
LEP,, 0.1917 -0.0002 7.7538 -0.0063 " -1.0306" -0.1062
LEPg, 2.6654 0.0005 -14.5300 -0.0112" -1.9448 " 0.4330"
PEP,,, 1.0024 0.0011 -23.5290 -0.0105" -1.8183" 0.3284
PEP,, 1.1931 0.0002 -26.3240 -0.0029 " 0.2469 " -0.0949
PEP;, 0.8658 0.000 1 -4.3089 " -0.0099 0.1669 " -0.1514
PEPg, 0.0030 0.0000 0.3600" -0.0029 " -0.2844 0.0045"
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Fig. 8 Identification results of abrupt changes in various indicators of extreme precipitation events in different years
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