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Abstract: The urban hydrological model is introduced into the urban flash flood forecasts and warning op-
eration. The data of land use and land cover types and gridded urban drainage network capacity are param-
eterized in the model. Forced by the radar rainfall estimates, the model simulates the urban surface hydro-
logical response and hydraulic processes. The hydraulic model is based on the shallow water equation, and
the alternating-direction-implicit is used to solve the differential equation by two steps in the x direction
and y direction, respectively. This solution comprises the back water effects in simulation and indirectly
emulates the multiple flow direction methods, recalling the surface water dispersion in turbulence or diffu-
sional effects. The case study demonstrates the online and offline running of the urban hydrological model
for the purpose of flash flood warning, partially for the model validation. The online hydrological model
takes the case study on the 21 July 2012 thunderstorm in Beijing, in which the radar quantitative-rainfall

estimates are forced on the model for reproducing the gridded inundation mappings. The model simulation
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results resemble the flash flood scenarios of the waterloggings and water inundations on the 21 July 2012

thunderstorm day. The offline model simulation addresses measuring the rainfall intensity threshold for

the ranked risks of the storm producing flash floods, especially the rainfall intensity thresholds for floods-

susceptible places (FSPs). Therefore, the hydrological model simulation deduces the 1 h, 3 h and 6 h cu-

mulative rainfall thresholds inducing water inundation depths over 0.2 m, 0.5 m, 0.8 m and 1. 2 m in

more than 49 FSPs, which are the rainfall intensity thresholds of the flash flood warning in the blue,

yellow, orange and red signals, respectively.

Key words: storm producing flash flood rainfall intensity threshold, urban hydrological model, urban flash

flood
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I T k7 KRR I AU TR i K $i 4 b (Sharif
et al,2006; He et al,2013;Moreno et al,2013) ., fi
b di hy JE U S B A T RIS B TR U R R
S5 JL I e 1T T 2R G e 3l 7K SRS R 4 T 2 o ]
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ni et al, 2006; Sharif et al, 2006; Ntelekos et al,
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28 WU AR T 1 Je R 8 SV T A 5 B kT 7K S
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sah et al,2016) . 306 il 29 FLAE ff 2 1 0 4 S o
A 8 I SR G HG i TE TR 51 T ¥ 4E 4R AU
SRS OUT L 2 B0 B A B KO0 R ) AN
ERARAE AR 2T 40 B 4 53R e S T T 3 A
T 7= & ] & . Barthold et al (2015) &2 Herman
and Schumacher(2018) 55 14 5 FUNE IS 2 A £l A
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B ST AR 57 B A B B MER . Barthold et al(2015)
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RE hy BT A 3t 1A B R B I AR K L AR B
AN T aX s,

B R S92 A g 3 8 T K SRS TR A A AL
BRI Ty — Bl AL AR 3B (R A5 0 B SR T S
EEER KSR NWS) 548 F R4 (FFGs &
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SRR 3 B S P FE R AR Y 1.3 S 6 h il SRR A A
Il 7 7= i AH (Thresh-R) F F A5 7914 ) Wr (Ntelekos
et al,2006;Barthold et al,2015), FFG fyln A/l &
F1%) 56 T A 282 I [) J J30) ) 7 B 3 A TR B A 1.3 %
6 h B FTI S, HT T 2 AR 1% I Bt 8RS Bt v al
L85 I 7L 4 (Georgakakos, 1986) . NWS f &%
TR 2 2 XA AR H Y & n] X R R Gk AN T A
A T e AR ) R A5 T S T A e Rk 5 S AR
K E R & B (Gourley and Vieux, 2005),
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+ MR BE A% G BE AL i 5 (The Sacramento Soil
Moisture Accounting model, SAC-SMA) (Carpen-
ter et al, 1999), %5 7Y DL it bk M % B ¥t FFG
AT T A 2 I ECT A A (R K T AR A e i
i (Gourley and Vieux, 2005), Schmidt et al
(2007) 2 th HI#% s A 09 07 12 & 8 FFG fiff H ik
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2015),
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FEA S AR s ) ROBE b SR BAS — AH LA X Y
[ A B A A Sl Tl AT T b, B il SRR A
19 (1 P4 ABE e R D7 95 B T 0 kTl AR 7 B K e Ok
TISE AN 5 10 Ll AR M 5D B AR 87 e
P9 o 5 K SO RS A B AR 4 53 B n] A5
HH X 8 ) T r a] R KA 45 R B B BROK e BRI B T
SEAE . Al AL A IR X 5 K
X8 BT IR AME 1.3 B 6 h il B T i {5 T TR
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FEASTR] 0 041 7= (NWP K il 5 NWP (1 95 42 1
) M BR T %6 B 1 30T 300 4 ™ o 22 3% M A
ST AR B TE e A GEX SR 4%, 20125 Poletti
et al,2019) . 5 =, F Al 3k 7 7K SCAE BY 9 )i AL oz A7
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R AN AR B B R A T B ) e B R Ok 1
FKlii S AL PRI AT C R BB w20 PR R A K S
R, feft P SN B30 4 ) RS B B B i) 25 KR A
AHE I LT 2 (Seo et al,2013) , F 2% i 2 58 T 22 1R
TR 008 S AR i 225K . i HLIX Az 47 7 =X AT gk A
ST 7K SRS IR S I 3 47 A 14 IR 1) B 8 K% 5 4 fifp 152
TR A B TR R TR 00 ) T N U s v RE
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CBRBAHE 25, 2013) 2 B {7 f 23 T | 58 8 B 3
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2019),
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GB50318—2017 (HhAe AR A1 [ 41 5 Aok & ik
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Fig. 1 Distribution of impervious surface area

percent in Beijing urban, suburban and rurual areas
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Table 1 List of roadside pipes drainage capacities corresponding to road grades (mapscale of 1 : 2000)
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Fig. 2 Distribution of the drainage capacity abstracted from GIS data,

in terms of draining-out runoffs produced by certain return years

rainfall intensities in urban, surrounding suburban and rural areas in Beijing

FEE N 3 2 o/ Hortonian 3 ) (Veldasquez et al,
20200, (ORWEEAIL R, KR IERL, K
SR LL 2D ¥R 7K Jy B Ay F Al A 4L 3 A B K A B

2.1 WHHRmARITE

MR A MR AT K SR R
K &5 (Velasquez et al,2020) , A {& & #b 3¢ 1+ #b 7] FH
HEBRAGHAEAE . BERKR ™ H %
R BRI AR AL, AL G N A S B R TR R
(Moreno et al,2013) , A (A5 78 X6 7 375 11 £l 550 %5 i
W FRIKIRFE K . 78R a (ED) W T3 5| i B e 5
# (common land model, CLM) [ T £ #t 3k i+ &
(Meng et al,2009) , it 1 7K 9528 BN A7 0 B 1
B LT @ 217 R R BT A B S . CLM A4
AR B 7K 7% R i 0 AN 33 K b 3R 77 IR K B0 A 0. 24
mm + (24 h) "0 T A AR T 1 O K
& b AR5 Wi W) A5 R o I HG A A 1) 28 B A R ]
4 0.5 mm e« h "HELKE.

BRI R, CRAL: mm) W] VR & B K
i ROCPA  mm) Il 2534 & B, (A mm) I b 38 28
KA ECHRALmm)

R,=R—B,—E R=B,IE
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X5 K b 3% 0 77 i Ry (B3 : mm) Wl Hor-

ton A B B M R R B &/ (B : mm; Dooge,

(2

1992) AR 5 Pl L 75 B O
R=R—B,—~E—f R=B,+E+f
R =0 R<Bg+E+f(3)
T BT B S AR ) I R AR 2 el 3 HE
KRG HE WA B 2R 0. M 3R 7 U U2 8 T HE K
Jei o 7R MR AR L AEHE KOS B8 b 3G A T R
IR SRS .

2.2 ARk

2.2.1 Wik

T 98 S il 5 30T HE K BB 0 Y — S R A R4
tr . — & Fl Chicago Fj & & J7 3 (Chicago hyeto-
graph mthod, CHMD #i 55: [nl 15 1] P (%) 2§ W 58 ()7
3145 i (Chen Y et al,2015) . Ja o FR S H F — &2
EIA RN ¢ (B mm « min ') KKK, H
TR ARG E 81,2016 Zhu et al,2019) ;

_ A +clgP)
¢ (+ B “

b oz JEFEFTRFLE I (8] CBAAZ : min) , POl 22 W9 3
WA a) s A By e Sen Dy DXOSPE B R 5 B3 A AIE
ARG R 5 14 2 B (B0 Te it A 28, LLR e il 48
M L/ NES B REO . A S8
(A :mm) 5 ¢ 2 BT S AL S50, b 2 [ T 7 22 10 i)
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A1) AL 5 L X2 TR R AR A BA A 2 BB (AL b e
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1) 2 T 5 B RRAEANAT 1 A A ARE (Zhu et al,2019)
R2 LLFEHXERAHEELAXSHIR
Table 2 Parameter values for

the rainfall intensity of rainstorm formula

B Ay B ¢ n
Sy 14. 688 13.8 0.761 0. 739
K 11. 442 12.6 0. 891 0.708

2.2.2 HeR#eHMA T *

HEZK RE 148 HE K 45 W RE AT R0 A — i 2 2R 2
TR I SR P B 7 A0 R R T e T b R X3
AR 3 2 20 Sy

Q = ¢'¢F (5

Qs T A W R G0 1 BT HE K R i (R L
e g R X R L e s
hm™?) ¢ J& 7 i R F Ol K i A (LA hm?)
o T oMb 2R U A LA R [ b R R R - b
HA b RANR W, BOE AT 2 0L GB 50318 — 2017 (1
Ao N BRI AEAE B AR £ i ER . 2017)

FHZ O AR ) rT 4 5 34 HE K RE i
BT A A

r A1+ clgP)

17 TGt B)” )

XA T b X B A B B P2 g (PR : mm -
min ') %5 T HE K 3R KON B K Hb ZE b 5 B[]
PR r (A . mm » min™' L, HA o, =R, +R) I &£

(a)

EMBTHEK R ¢ ARXEERR R
A tdgP

rq — ¢(I+B)" 7

2.3 WHRFERERER

MRERBEEERE HETEIE O R D8
Ak (8 3a) . iz B AE DEM A DL i AR s N
A7 1) Y B R T e i A S A B Tl s AR R G
S 3 LAE N A2 T % 42 (Jenson and Domingue,
1988), Gallant and Hutchinson(2011) 1Ak 2442 i
22U FH 43 AL, T BT AR IR 40 HI B 2R R4 T
TEKCHIE RS E A —HR . EIER T, 28
AR LU I 1) S48 A 2 A R A I o Y DG B A ik
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