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On an Early Warning System of Urban Waterlogging under the Threat of

Extreme Rainfall Events
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1.State Key Laboratory of Hydro-science and Engineering, Department of Hydraulic Engineering, Tsinghua
University, Beijing 100084, China

2.Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing, China
Abstract Traditional urban flood forecasting mostly adopts the mode of driving an urban hydrodynamic model with
a single rainfall product, which is difficult to solve the uncertainty due to rainfall measurements or numerical
modeling. Comprehensive utilization of multi-source precipitation (radar, rain gauge, and distrometer), and surface
ponding observation will help improve both the forecasting accuracy of waterlogging and the spatial description of
risk. Therefore, to better cope with the threat of extreme storms, this study proposes a warning system of urban
waterlogging based on comprehensive observations to further strengthen the ability of flood forecasting, and has
conducted preliminary practice and validation in the Qing River Basin of Beijing. The system contains six modules,
integrates emerging observation technologies of both rainfall and waterlogging, introduces a mainstream method of
rainfall nowcasting, and adopts well-established simulation methods of urban flooding. It can provide real-time
water depth for road traffic and early warning products for urban emergency management.
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ZAEA A NZIE SR (Miller 25, 2017; Pumo &%, 2017; Sofia £, 2017), 4IR/KIGEHTREK
AT REARM CRIBRSE, 2013 TREZREE, 2016), om0 AR IR0, PhK A w7k B & 4E (Smi th
&, 2019), T BERIIABFHUR M 5145 T (Ashley &, 2008; Paprotny %%, 2018) . MAERKE, 1970
22009 FFH], HRAIK KRR R FEFAEL) 6200 82, ERGTE AL AT 1.6 10k T ATk
(WMo, 2013) . HFKEIM S, VFE23mFEFELA T UK NE MBhZ T, ERRZHE FRIE 2018; Du
Z2019) . 4 2018 4E (FFEVKFEREAR) giit, 21 L LRKRERESBEA KO L@ 2 TN, BHiE
LTSS 3 AL TC. PTLAE, MR AR R 51 K BT O AR OO IR E I T R R i) — R, HL
A A RERE— I (Hallegatte %, 2013; Chen 2, 2020) .

T TP BSURT B A AR, R vk O PRV AT 7, K ] S ROl Tl P 5 o 3 TR U R4, SR AT TIUHI X
W, BETARER, AR N BAG T, @IS, S SO0 R R R B, IR ST “ Pk,
FREATHE” HlF Rk (Acosta—Coll 4%, 2018) o fEARTAE (2021) Fe T3 BEMIHR AN RE M BUK S50
B RIEATIRM, 105 R FANLE S AR R R 1N K BUKIRE TR . 5RRWH, ZRSA
B TR AR — /NI R IR FE AR A, BT PR BE At S AR R BR AL 28 2% S BB (1 2R B (Duncan 5§, 2013),
FEITIRE EEA L B IR T K SOKB) SRR R HAR S HOR AR e, B T BEBOR vt 5 itk AR H
s CRIARSE, 2014) o BRAESE (20190 LAk b Y G SR B4 T A 5 /K 3 0 AL 4 57 1 oK FE I Tl
PE A T R4, A (2019) DLASIAZHEN 1 A B, BRI SHREN 1 /NG (1 B I TR = i 3R 3 3 1l
T PN TR RUAL T A BRI T P B U T R Gt T LURI, R0 I B3 s i B KU Tl 2 Gk S8 R
TR FH B — B R ot SRS T 7K SR B AR R, HE LA ) B S o e A oA R R 4 [ A e A AR 1
JTH, AT 3R TR 5 5 AT B AN e M. I, R 3 T AR Y B 4 0 7= 5 AT DL Ak v
(1 R PE R (Wang 55, 2013), (HIGIEHRERERT 02 AAR s RACTE 1A T LUK ALl B W 2 18] 3 A
(Van de Beek &%, 2010), {HAZMJEMERS A5 T REIREF K RN, 78R € S AL T ER P TT A SR 7 AE
it e BEAN, SRR SOKB) SRR G5 RS HUN A EE, e 20 TR g R ksgm . S8R EES A
(LI B2 R SR B 5t B 2% AR b il XU T AT 98 vl e 2R R

PR, ASHEFRER 1 B T 45 D0 B3R T 4 5 R TV R4, B AR 78 70 A I T 22 U5 PR . ARUK
MIPE R, DA RORSIEAUATE 1, SRAGIRTT AR FIIEE F7, 9 W] B i 5% W Jal S BT 70 1 DR e
D3R T P X AR A S AP I R SS . SR, ASSCIEIR i R GRS TS R BB S T VR
IRPEFARTB: s 70 AL s i RIS A @2 7k, TR ACR .

2 WKL REEE IR 5%
2.1 PEFREZEIN

&4 R0k, T REACORIN R IR T A2 Tk . 2 HE BIRSHA (38 T 7K SCBCDAR R FE B AR T
(BRI 23 3 e (Lyu 48, 2018), # FHIFERT W e & E2AHE: MR, MEISONRAER (nE
LR .
2.1.1 W=t

M ETH LRI, BRI, S5 R EE. N2, RREANMMBE . RIHNEFH, FE
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SR E T REAWE T TR E TS 2 MR B Rt R R BT BRI, W
YO EAT B 1] SE PR I O FAR B R = S AN S5 M . (EIN ST R BRI LR AL I PR (5 ., oV
R g R 2 (IR PR TR, AN B 78 20 S I e R 52 4% 1) 2 [ AR ek
2.1.2 TR

AR 3 DA O iR 2R, W] 43 A e R AR AN L O S IR U ORI 7 2 M I S 2 MR . 5
PR, RS AR I RESR A I AP S, TC IR v 220 I T 7 (A o (LR I T £ T S I
TR/ FIEHEE. WA RO YR s B IR, AR S0 B T A SO 28 R o Y e % o
BEREANE . SRG T Z AR R I, IO ISR K SO SEANE T R O 2
2.1.3 X B mIRAR I

RIS H AR A 32 3 S B, I SRRSO S 1A B R 4 % B YA T LN (R4 %%,
2000) o [R1VR 5 P 15 VRS /N B 6 P S AR O, WORTE — SE R S S e R PR SR E o [ 38 T2 g P e 1) U s
WY BEFORL T S5 RIS I EE RS . B AHEE &, WRASEE NI 2 P R 10 2 (8] 23 A7 15 R o RAUER IS KT IR K,
HARTI 30 K BB X B C kBt S B L kBt ARIBBOEHEEIAR, X, C J S BB EHEER
WL TR R BRI, G e S DA X U B A P B AR ) e R 7 ot 2 ) 23 e dge

ANIR) T B 1) 2 Ak, XU R I AT DRI BRI R SOK T D e A L5 1) R iR, B
MR PRI AT A B8 22 LN 28, GRS BLKRL ARSI TARAIWT L8 idiT IE S5 2 FhTh g, 5
L P9 22 ] 5 Y B 7K 4584

(a) (b)

e W L — =
K1 NI E:  (a) WET; (b)) WG (o) RAFIA

Fig.1 Urban rainfall observation equipment: (a) rain gauge; (b) disdrometer; (c) weather radar

2.2 HRFKEGZEIN

BEENLA ) BRI B ST N EOR BRI R JE S KA A T B AR KM I 5 9341
BT AT WA R RN AT 28 i 55 AR /K B s 75 25 H 2 R (B R 4%, 20165 Jiang 5%, 2018) .
2.2. 1 KA A% s

FE T IR AR BAR K I 7 % — B DORAEIR T s X e 2 R . HAT SR R 2 AR ey, H84
TR IE KA AR AR MR UK AT F 77k R ey, FRIA KA AR RS I e 6 T A U AR 4 5
A R AUKIR B HEAT LA & . HEE T O KALAL BEs 1275725 7T 6 e PR 2 28 7 T - AR L R 2
RIS REHARKBEAT S BTN 7 /R ROM K R Bl e HURR I, REARUK R BEREAT i T By it N &
(E AT L C 2 R AR A RE R 72 7 2K A RSN T PSR R 000 5 i AR IS [0 Dy 4 00
BRI T AR G/ HLIDFERUIR, AT ARBAE 1 P TCik R R R
2.2.2 EERMEERMER
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SLIA AT . —J7 T, i WA AT DA B e R IR B N RUK I O 5 —T7TH, AR RS
2 IR SR S RO I PR AT BUKIR LA BRHL,  SEHDG K U 1 E B DA
2.2.3 HAZMLARSS

AT R S5 2 A R B, R AZ A 2E B SPUKM. flin, &8 Mok g, HERE.
WE AT S WL KBS RSO ME o ZRERAE Lt BURALEE, A fidfErt
AVEIPE G SEBORF-BL A ARG BAEATREG U RUKA: BT, JFpPfh ™ B

3 T AT RS RGAESR

PR IRAEE KR DA =, b o 3 I BRSSP (HUE I & B A S8 2 (KK S0
FIMMLS, FE BTN SR . 785 FIFAKSCAREGEMMEAR, G R T8 — 5 E 1
AR TE R G, B 2 iR, ARGESENDNDIREL, LT 2B, AR, i fha
IKEEA AN B ZE B, ey RELAR . ST X ARG B RS & 55 1 P N I TR B AR T
FUMLBEAY, SRR B R UK G AT TN S5, T Al ko A AR A il A St K A5 B 5% T8 I AT
T 1] BUR 8 B 114 LA R P 37 U o3 AR B T B T, B {5 RIEERLT GIS P 6, SRR TR Al
ZE A LA
3.1 FAIKHTMIARIR

SXof I3 sk Py 5 IR aet BN A SR AR M A A ACIR L AT I, T o G Wy A 2R o RA AN S8 1 5 A AT
B SHOAH 8 M USRS B AN e PRI R IKR 2, AR T 3R S I AR SE 0. SRR I
MFBNZ, XFESHE =R TR SRR B I i J2 T340 B M 32 PRl 45 1 ) 7 v
BT A MRS MM % YL =%, fah—, HRHE &R, TR, Hd, i T e
B e, AR S A% RO, O B RR 2 o i s R AR s 3 50 4% AR 55 1)
TREEAE R A (ks s, RS QQ &), HLIAMIGL B A E R, Sek AR 2 s 2h AR
W o Bt o B AR A7 B S0 MR VORI AT UK A BAREL, (RIS AT R AR s
3.2 PETRMEMRIGIEFRIRAESR

X U BOOU e R AU 1A A I 5 o ke, SR E R IR AL BRI R 1 (Zy) A R
HHT (Zpr) « ZAAFAFE R (Kgp) « FIAHIEK R (CO) H2 AN MM S &, 13 BIFIXTT H 0w 75 1 5 4 (P N
M AT . A RGN 8 A TH TR DL X PR BOSUR R 18 B K SO B AR %L, il R BT
DRI A5 U, WP DX B RN I 25 A AT AT SR . 2728, TR BN B IR B AT R E ], AR R
[l R (BEAE, 2019) , ZMEREMA R EEH (Giangrande 45, 2013) , DAKFEIITIE (5kIGE
%, 2017 o IEWAFRAVEIIER), PRGBS HARYIRR BT, PROVERA TR . S5 RS B T B R G
TEHL RN, BT CATE I AR A SRAF I B RN 5 S Ao HERf . (BRI v, A AR WL U 2 32 B R S Bk
HOTE R FEGH S S E R, WEFAES A FERERMA, R &AL BRI A, B
A SE AR, BARRARMEN GRESE, 202D .

XU B A AT SR I8 R R FIEN I 2 AN S5, XN TS RN E S A THR A TR E 7%,
A= (1) - (4) Pros:
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R(Zy) = aZf) (1)

R(Kap) = aKy, @)
R(Zy,Zpr) = aZfZ5g (3)
R(de'ZDR) = aKc?pZISR (4)

Hrp, ZyNBRSSRINT s Zpp NEDRSERIA T Ko NZEAEEMIER, °/kn; a, b, c NZH, FEAFM
XAANFPER AN, BT FERRL R R R AN R, S EEAERER . ARGE TR F
P I 2 o MO R RO, THE T MRS I 1 min SRR IAMIN S E (BIZy, Zpr, MKap) » FEJEEH
Rt i —AEM AR TEH THTFRIX X BAURIR R VRS E EER TS HEESNE,
KR ZyMZpr 0 W Z M Z g FAREOE L, AR R WA (5) - (6) -

Zy = 10012 (5)

Zpgp = 10%ar (6)
Aol Zy TR, dbre Zo WEISRA N, dB. Ay TAERRIMBER 41 FIIBAT A5 OB
BTEIR, RARGCRA 7RG A R SIE T E K HEE (Thompson, et al, 2018) o R HIM{E
BRI A — A EXURIRAE 5 A58 SS, DU E 3 R — =R R S ok &, HARHIN LA 3.
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Fig.2 Technical framework of urban waterlogging warning system
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Fig.3 The flowchart of mixed quantitative rainfall estimation based on X-band dual-polarization radar
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X BRI E H ARSI R ZESE, PSR P B SE LA R PR AR R A S VAl A AR, 2y
HR A FIRI PP R R o o, SEOUARUK PP A RS LM 509 4T AR AU TABURME B, DR LI i B Bt 24,
S AT AR . B, ZARHCR A T 05 FEBUK IR EEAS B SR RS PP 7 i (R R4, 2019), Bk
PPUTARIEUIER 1 s o ARORME SRR B FIRE AT OYAT AR HBUKAE 2., (HIZB SRS R E BUR B
s WRRERR SR B AT MU TR 3R o I ISR & VAR U P 2% DX R mT RE A /K IR BEAIAR K I T (55
A, 2020), AHSGHRIIHHE REALRIPUT NI MS 5, R 2 P W5 45 2080 73 b
3.5 AHLHEERR

AT AR I X BOR PR R P 7 AR S AT B IR I B2 DL, A R R R s Rl A
MR POKENATHE . e KBUKIR L2 18] 70 A5 R 37 9 KUSL 7p X 4 TN . WIZHR B, DLE 4 BN AN
FERTSRED, PIPRMEEEE, HRIRABUKIREL, &Ja 2N D S SEZTAY, RUGEEE, DA o i & N 2iE B

AN DRSS S SN ELRE A R
R T RUKEREEI A B5 5 3 S0 7 bt
Table 1 Classification standard of risk based on waterlogging depth

MRS BUKIRE (m) e e
1 >=0.5 AREIGE A AT
2 [0.3,0.5) W FAT NAZIE, KE LB B ik AT
3 [0.15,0.3) AT NEAT, AT B 1R
4 <0.15 BUKA W BRI B G AT, SEAR A AT AAIHLE) 2238 1T

2 FETRUKER BERIRR /KIS 8] (K P9 57 9K T 45 400 o bt

Table 2 Classification standard of risk based on waterlogging depth and duration

RS BUKIREE (m) ALK [E] (min) 15 18 P2
1 >0.4 T ACIE L R A e A 2 A S B
2 [0.3,0.4) >15 T A2 38 52 B E R
3 [0.15,0.3) >30 WA 3B A g
4 <0.15 —fAIK

3.6 WEMKLHIRR

9 PSR AT LR 1 T 17 FH P R AT P UK AT G R I SCRFEE I [ AR B B g ORI B A
W ZAEHSE T IR T s EE T GIS AR GTAY SN P 37 9 35 U AR R A 397 ARG AT ok B e KRR
TR P S BUR IR 7 (K B S r il U e S8 AR B ARG AT B

4 RBIBER: A BRSO 5
4.1 RIHELR . EEIAME R IGHIE

CRAHERAAE . SUMRFAE AT R AR RMEZ AT, A SOEPEHITRISAE N A
ANTEIX o JEWIRIRAL T AL R 7 LI IX ALES, WAL A SF, MEEE . W1, BP =X, AE X,
SR RPPEREE X =R, SRRUAS] 200 kn'. ST AERIEPUESR LIS BN, A B K AR & E
Clid 50%, HEPMHE. mEKSL, BN, H&RBRIRTRIEEIE. WARFARE, BT
Sl TR T BRI KR U, BRI AR B, 2T E 660 mm, (HENSEA
¥y, FELEPREG6. 7. 8 =AHM O5WH, 2017). HWER P, KKFEMFZ RERET H NaM8 H
b4y, i, 1963 4E 8 H 8 H, &IV E 24 /NI kP I EAE 400 mm MIRF KRN, T 4283,



228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249

WEBORH 3.4 J, I 17 AMMEZBIAFEE R, 2012 4 7 F 21 H, SIS GE SR K5
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RETREHEERE AROREAENKRZ EANLE, BETEE P ORNBHLE. RIBEEN K2 mi
B, WRNDEBEE =877, FISNN ORI 5 1) 2 RS TR s o o5 o R B AR =
g ntt, FHEREEN. fa, WA TRRNFERE, HRENEE T2 6 WS ORI R
v, HLAT DAL TSR &P (P & X S BORU I R BB ARG B oo XA R 2 T BRI 4 35 730
B RGN RS AR R B SR A A 7R K

BT R R R AR . R . R S R AE X A K, XTEITAUE S i 2 it
AT VELZIE, AT AR P 357 DAL Tl S (R At DR B SRR B OIS X B B XU ik 76 35 0] 4 L T 7
MUV, N Hicdim i) 28 A0 95 2 B ATIA 3 min A1 75 mo JEFARRTHLIX 11 30N A LI £t 4eit15
FE I E BT R AR SH, 2RISR I K R 8

TSR R ISR JR A R, SN . Bl ESE 2 B, S M BERy i Hig
PO R RIHRK S AR R A UK Y B 2 AR, R itk i R FR) 4 R AT AR AL
(Cao &%, 2020a) ; >R 5 T A% P N 7 i 22 18] 73 9 3 AH I L PR 5 R A R R R AT ARG AT B 8, — T3 T SE T 3
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Fig.4 Simulation and assessment of "7.15" waterlogging risk in Qing River Basin
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Bée W 151 Hi (UTC) e W e Wi W e -3 2 paan|
(RIEF) (mm)  GRIEEFE)  (mm/h)

El 2017/07/13 — 2017/07/14 51.32 20.95 N

E2 2017/08/08 11.82 23.54 N

E3 2017/08/11 — 2017/08/12 34.59 22.78 7

E4 2017/08/22 35.05 11.12 7

E5 2018/07/15 — 2018/07/17 116.64 29.42 7

E6 2018/08/07 — 2018/08/08 18.36 21.30 7

E7 2018/08/10 — 2018/08/11 20.89 26.62 7
272
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Fig.8 Waterlogging risk distribution under different convective rainfall processes
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