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Abstract: Due to the combined effects of global warming and the acceleration of urbanization, ex-
treme rainfall events have occurred frequently in Xi’an in recent years. In July 2020, there were
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two consecutive extreme rainfall events in a short period of time. The resulting inundation disas-

ter has caused great harm to the society and has become an important factor restricting the eco-

nomic and social development of cities. By investigating the actual situation of inundation in Xi’an

in July 2020, this article analyzes the causes of inundation in Xi’an from three aspects: hydrometeorology

and underlying surface factors, municipal engineering and drainage facilities factors, and facility management

factors; it also puts forward the forecasting and early warning work of rainstorm-induced inundation,

strengthening the construction of flood control and drainage infrastructure, advocating system govern-

ance and gray-green coordination of inland cities to prevent inundation.

Key words: urban inundation; extreme rainfall; causes for inundation; sponge city; flood management
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Fig. 1 Distribution map of inundation location in July 2020
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Fig. 2 Process of two heavy rainfalls in July 2020
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Fig. 3 Distribution map of cumulative rainfall in July 2020
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Fig. 4 Impervious area near Jinhua Tunnel, Xi’an
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warning of urban inundation

— 77 T 38 AR A G TR B R R gt A
BRSSO T JR 2 T BT B TR AT L B i 9 5 K
B0 T ORS JBE L AT 7 A W R 31Ok T A 9 B K
AR AT R AT TE B AR T U RSl . S —
D7 T T 5y i i AR A BRI 38 4 AR R e S 4
We AR A B BUKAR B 8 e+ B 0 R T 5l IE
R B B 7 S S R BT AR B O A B
Gy T AVEAS U & AR5 T8 2R A I %
BUKAR B R EE T R A7 . [R5 AR5 5 B A
DRV 73 K A 2 i 22 42 0 S AR 4 R A R
S A8 1 28 48 S HE A AR G BUR ST BY R 4. L3S
SR EPT AR A ST R
2.2 fin5E B HE S5 B IR M BUE

D) 42w ARV 5 S b DXl ARk v HE K RE
TE W5 BUK By K2 (098 2830 38 N BEAT Bl R 5 ol 19 4
PRofcis 4R THH N 2 HE K BE T o B E Y A HE K
I B A R AR I KB 1 3 R il KA A AR
B KU A B AR ST AT BRI RE T L e
KA 74

2) A BRI IX A HEK B I8 3 R ge . il i
P AR Il DX HEK A 3R L 54T R e AL P b i L o A
BERE AR ARG . [ A & B T30 X RN 7K
e () AT AT ) 0 A 0 R HIE K 0 £ B0 £ L B
T (A X1 HE K fE

3) BEAT T HE KA R 95 20 0 . K R
GE AT PR A - TR AR O 5 7K R GE R U
P A TR T T TS 0 i e e O A A
I8 BB T A, SRR L T5 K e S i e Ak B R K
HEATIE 39 55 30T K BE T L ¥5 K A5 K AL B
PEATALBR AR . AN B A R 2R R R IX L A B T
IR 309 7 25 e 5 D A 0 A T A L sl S HE K BEL

4) R PO I B P K i BEL 1 e A 7K
TEA . 5B B B Ik 01 B 7 35 e 24 7K 35k , B 3%
B DX A i T AR T AR DXAEG AR Y 7K X85, AT B2 AR
TAREE X BUK D88 T DXCHEZK B AT Sk 25 3k 0 2
7K IR 2 R Bl HER K B L 2% phst I, 4n 10 BR

Bahizki

10 RS 3 Pk
Fig. 10 The “automatic retaining water wall” at a tunnel
2.3 RERFEERRKRENEIHE
2.3.1 fnsRAR R ISk S A R AR AR Sk B
[ 1= P 6 1 2
FE 8 R/ A R IX G B A S R T IX
Sl T K A Pl AR YA L K R L (R TS/
MUBL P2 RERY IR 58 i i RS R
TRt 205 8 1T 23 R ) S (5 B il 35t el 2 AN 3 K T L 1
JNRT 2 32 (RE W A Bt . W 11 B

P11 9B AT K £ B A B s = A
Fig. 11 Gray-green infrastructure of the sponge city

A e A AT 58 43 A i K DX G HE
KB, 20 b3 R K, S BLAR A R e 1 U Sk AR
TE K Bt T 7K DO 58 A 3 8 o ol 5 % 2R T A i
Jit TR AT T U AL A 2 e T KU I S L S
If AR, R A ST TR, W T R A 22
DX, DA A P 397 5 22 A P 05 L SR 5 20 M
Sy KR . TE P EE ™ DO B K (3t i £
Pl 3 T 255 AR L SR THHE K RE T
2.3.2 JFJEMMRIEREE R TR AR

W R 2 R 1B AR (IR BE TR 9 A I T A0 ) i 1
Hh TR 2ok I I R B RS AT S D i O 7S K A



274 PH 22 1 TR 2322 4R (20200 45 36 55 3 1

WK i 8 & S Sl GE , BT s K R R TR
Bk VG K AL BT UEAT AR R, G 12 R, dn SR i
B KA TR, TR R A AE S TR K CHE 97 38 38 & HER )
fE , KK B K FE R R

3t i X 5k
L T A
A '5 41 7k
7K
Bl 12 Wi )2 R E R 58
Fig. 12  Urban deep tunnel system
3 % i

BT R RGBT BUR R A Ok
A o A M T PAY T 3R T P % T 2020 AF 7 A K
A B A AR R EE N R B K SO R H R
PR T BT R HEK Bt R B B R . H
PR LAy < iy A A ol DX T AN 2 K T AR A 3 4
T s ST R b e R e e R B AS 2L ®
FIOH S 2 A0 A2 5 3k i A 4 L B R A 8 it AN
ISAR T R B B = AR G ML, Bl R A S
T 5 T R SIS A 7 0K HE B Bt . G X 2B P
VoA R R SCHR T 9 RSl T A9 9 957 7 3 08 5 AL
5 IR A 5 O O A U S 65 iR By ik B A il
Bt i AR AR AR GE IR LK 2R B[R] 25

B30k

(1] sket =, KRS, EREP, . BARE T TR
FRJE 5P T3k SCso i [T, KBl i
2014, 25(4): 594-605.
ZHANG Jianyun, SONG Xiaomeng, WANG Guoqing,
et al. Development and challenges of urban hydrology in
a changing environment: 1. Hydrological response to
urbanization [ J]. Advances in Water Science, 2014, 25
(4): 594-605.

[2] TOTARO F, ALBERICO I, DI MARTIRE D, et al.

The key role of hazard indices and hotspot in disaster
risk management: the case study of Napoli and Pozzuoli
municipalities (Southern Italy) [J]. Journal of Maps,
2020, 16(2): 68-78.

[3] TANAKA T, TACHIKAWA Y, ICHIKAWA Y, et
al. An automatic domain updating method for fast 2-
dimensional flood-inundation modelling [ J]. Environ-
mental Modelling & Software, 2019, 116. 110-118.

[4] GERAVAND F, HOSSEINI S M, ATAIE-ASHTIANI
B. Influence of river cross-section data resolution on
flood inundation modeling: case study of Kashkan river
basin in western Iran[ J]. Journal of Hydrology, 2020,
584 124743.

(5] RfAm. 78 Ak ¥R 858 T B 18 M 2 0 4ok i 3t 335 o P AF
FE[D]. PI% . 9L TR, 2019,

ZHU Laifu. Research on urban flood process based on
overall model in changing environment [D]. Xi’ an:
Xi’an University of Technology, 2019.

(6] 5K, 2% 53k, fir3Car. 45, £ T MIKE URBAN H74
2O R U AR AL [T ] KBRSk TR
R, 2019, 30(6): 157-163.

ZHANG Xu, LI Zhanbin, HE Wenhong, et al. Simula-
tion of flood process in the central urban area of Xi’an
based on MIKE URBAN [J]. Journal of Water Re-
sources and Water Engineering, 2019, 30(6) . 157-163.

L7] WeMESE. ST fb i A8 X V5 22 K R 78 46 5 7K SCRFE /Y
W [D]. W KR, 2018,

YAO Bingguang. The influence of urbanization on wa-
ter system changes and hydrological characteristics in
Xi’an [D]. Xi’an: Chang’an University, 2018.

(8] XBFF, 2k, w2, W AN Ak 3T i 7K BF 558 20 0z
FUMIRLT]. HERRLEHER, 2011, 30(3): 275-281.
LIU Zhenhuan, LI You, PENG Jian. Progress and per-
spective of the research on hydrological effects of urban
impervious surface on water environment [ ]J]. Progress
in Geography, 2011, 30(3). 275-281.

(o] BEKEH, E0, ZEMR, 55, 3T 30 J7 Bk 0w 205 o
HE A T T AR E AT ], K R L AR AR, 2018,
37(3): 40-49.

HOU Jingming, WANG Run, LI Guodong, et al.
High-performance numerical model for high-resolution
urban rainfall-runoff process based on dynamic wave
method [ J]. Journal of Hydroelectric Engineering,
2018, 37(3): 40-49.

(it M

"o 7



