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Study on relationship between rainstorm and waterlogging risk in Zhengzhou City based on Copula function//
Zhang Jinping'*, Yang Yirong', Wang Yao', Zhang Xi'( 1. School of Water Conservancy and Civil Engineering , Zhengzhou
University; 2. Yellow River Institute for Ecological Protection & Regional Coordinated Development, Zhengzhou University)
Abstract: In response to the problem of urban waterlogging caused by short-term heavy rainfall, a risk assessment index
system for waterlogging in the central urban area of Zhengzhou was constructed based on multi-source data and SWMM
simulation, considering rainfall characteristics, underlying surface attributes, socio-economic attributes, and pipeline
operation attributes. Two-dimensional joint distribution models of precipitation, rainfall intensity, and waterlogging risk
were established by introducing the Copula function. The results indicate that precipitation, rainfall intensity,
impermeability rate, average slope, and population density are important factors affecting the risk of waterlogging in the
central urban area of Zhengzhou. Insufficient drainage capacity of the pipeline network will exacerbate the risk of
waterlogging. Among 155 short duration rainfall events, the proportion of medium risk and high-risk events was 53. 5% and
22.6%, respectively, indicating that the drainage system in the study area needs to improve its carrying capacity for
moderate and above intensity rainfall. The calculation results of the Copula joint distribution model show that the
synchronous encounter probability between precipitation and waterlogging risk is 87. 2%, and the synchronous encounter
probability between rainfall intensity and waterlogging risk is 59%, indicating that both precipitation and rainfall intensity
are important influencing factors of waterlogging risk.

Key words: urban rainstorm; waterlogging risk; SWMM; Copula function; Zhengzhou City

LA B A 72 A A4 R R DX 33k T e it
T RTINS o I 5 3 T 51 24 F) Sl TR PN T A H
GEH L SR T AR SR I A3 T, O
NP s R HORKIE DR R, BFH K
A DT N R R A B S T R R N AN
JRUH T NATTER) AR i W0 77 2 2, At o 3l i 6 i S50 114
BRI TERMPEE T . B, BP0
T DA AU - 7 5 A R R AL B SR AL o X o
HEGF e TH I B EE

FURIT, [ A D238 3 T P 357 XU DAl s

B E R BERE , ARGeit e 2R 2 T X UR PR AY
DR PP T 32 IR R ADA 35127 i 3 A 242
RIMFRIAEE R &, O M e E T BT 2% 1 45 i
A5 PZOGF A 7 XU, B2, (L HE KA I 938 47 4
TEAEFAAE | 1 i e 3 A HE K 2R GEHEE BE A
RRIEVER IR B R 2 T AR
Ui WU P I AR R G Sh A8 AT Rk 5 e
Xt G R A iR | BRI v, T
H [ 2 11 DI LA R T R L A, R
AIE (AR |3 R 3 5 45 ) 55 3T P B XU, 22 [ 1Y

HEETH . BRARBIEIEETH (52379028) ;1 p &4 A% F 4R B2 36 401 H (242300421007 )
EFR N k&M (1979—) , &, #0324, FENF KR LA 5B BAFSE , E-mail ;jinping2000_zh@ 163. com

- 57 -



SCHEBLHMT B Z RV BRI R, B
KA DRESR T N 87 A AR G R 2 —  H
e 7K 55 PR AU 1) 56 28 AR fT A Ze v S & | i
SRR LRI AL R g KR
ol DI AR [R] R K BT R HE /K HERIBSENE 3 |
M SR KA I 67 A AR 0 B4 AN ] AT i 2 5 20
T F) A 355 DRSS 5 8 T i A N B T2 i R P B
A AR ven i B e D o T A A A ) P
MR ARG i HEK R GRRERE ST M 51 %
FEEAUK S LRGP KR T4 (¥ B 5
ATHER TR 5k 36 R IR 55 P 5 DX A 5 SR8 1 ] R
I B — A TR R AR 5 A XU B F 5, LA
ey BEOHE ) P 7 LB PP AR 2R

BT BRT SR AR SCLAKS M e 3l X iF 5
DX, 455 B T S m M AL B R
ABAT B AT NP5 XU A 1A 2R | 78 2 T
k-1 P XU B8 S IR AL, 2R I RASGA T 334548
BRACEE 385 51 A Copula bR 7 /K 1 | T 28
JEE 5 0 U B B 45 0 A A Y DT 48 75 [ W -5 7
57 U 22 8] AR S 2R

1 HREEGRSHEERIE

1.1 HREEER

A SO FE XA TR T O IR X S T e 4 2
BBUR IS HUTFE X 38, 2 F 30°51'N ~34°57'N
113°40'E~113°46'E, #FFXXEFHR 77. 5km® , A
J994 T3, EAN T AT 7. 5% , 378 5 25
fiX, @ T2 T8 iR RS, R 22 kA2
AR 14, 8°C AR IRE K L 586. 1 mm, AF5E
XN F A KT AR BT B JLTRT 4 2590 i,
BB HE KA A T, A R A A i 7t e
IR NI A 15 /718 I 2 Ak %o 22 W9 31k 87 54 7 1B
HEHATER,
1.2 HiEkiR

AR S A A AR A A R N b A

N
* »-
L
FIK#% L
*, X "
* s
f'Jiﬁ% etk
b g
*
A
4 BAHT R
- e g
ik *%/\ﬁ*
B il 1%L Wl
A L.
= d0 FA K B
S Ll N T
* ﬂj%‘ﬁﬁ& fE T
— IR B &
C k9 X i i 0 1.5 3.0km *
| I I

E1 #REXHER
Fig.1 Overview of study area
HEFTORGE MU RECH 0. 4, 29 Ry B RE RN, Jorh
AL4% 30 min PNIET 35 377, P2 FEK B 20 mm, F K
K B 29 mm; 1 h F&RT 79 37, F3 5K & 26 mm , B
KREEKE 42mm; 1.5h FEH 38 3, F ¥R K &
33 mm, KK & 45 mm;2 h R 3 37, 34 Rk
50 mm, J KFE/KE 71 mm,

2 MIRAE

2.1 EWAHER

SWMM Sz iy 35 [ PR 15 B I % 1Y — 3K 3h 25 B 7R
R T B AN AT L 36k 75 P 7K 2 el K i A9
PR — R B SR AL 38 AT LA T3 Y
P R AT 2 SWMM. 3 g 4 22 72 0 3
SRR AR R A R BUK B 1, o,
2R 77 Ui ATAR IR K AHEAREIK TCHEEAE K 3 26
FALAK KRR S 5, Y 2 R vl 3T ) A B
LMK A, A8 R 0 9t o Y AR FH sl A D R F A
T AT B A, ek h

B EREOR RSO A R 2 an a0 _ "
PAE B BRI LR 1, SR 155 375 7y i [ T at  ox
F1 HIERR
Table 1 Data sources
Bt 44 B HARK R A F R
Wi T A 7 10 min [/l U800 (2018—2023 4F) I LZR
R KM 12.5m 9 DEM %8 (2023 4 ) AT (hitp ://www. tuxingis. com)
A Bl ) B LR R RO CHS M TITHE K T AR I )
TIFUHEEE  ESA 5 HERA 10 m (9 LR ISR , AR ARHL R BR ST ML BRZS R (hups://viewer. esa-worldcover. org)
*hox 2 DR ER InA=REe ik AN (BT GETHAE % (2023 4 ) )

.58 -



aQ a(Qz) EYA R
—+ || +gA— + =0 (2
o ax\A) & ax TEY g (2)

o A R KT ; Q i ;¢ IR ;0 Ry2s
(AR5 Z KK R MK T4 n MR ¢ HHEH
pAIIES: .

SWMM [958 W HE £k 55 730 7K IX Rl 4 2 A5 AU 4
AP, S ML R R T
B G A5 B E AR R P BE A X IR B A
JRERE A B T A R AL 5 A I, B TS X HE
TRAE W R WG A i R G, F o M K A, H
HF 9 DX IR T8 22 A S5 LA Ak T T DR oW Yl 3 AR Ak
AU % 7 T KR ) HE/K S T X B HE K S48 A T
e o W SRS U Ko R X 1T
b PR R RS A R 55, N 28 R 2 R g At
FEIX AR Z AR BT, T B ALK T
IRSCSH AR NGB K3 SRS st ik, 15
£ 160 SFICIK X 215 AR KT 88,261 ScHEKE
i, WE 2 iR,

NN
C wg X fe i I
— HEKE M 0 15 30km ILLEIE

KX : !
B2 HRAXEMBUREFICARSER

Fig.2 Piping network generalization and sub-watershed

division results in study area
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Fig. 4 Statistical distribution of precipitation and rainfall

intensity in study area
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Table 2 Joint encounter probability of precipitation-waterlogging risk and rainfall intensity-waterlogging

risk under different encounter scenarios
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I-R 14.4 30.4 14.4 9.8 0.8 9.8 9.8 0.8 9.8
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