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Retrospective analysis of flood propagation in Dongdian flood storage-detention area during “23 - 7” catastrophic
flood in the Haihe River Basin//WU Binbin', MA Fengquan'”, HU Shanshan®, ZHANG Liwei*, ZHAO Yinghu®,
SONG Wenlong'*, HE Bingshun'?, LIU Hongjie">, YU Haijun'*( 1. Research Center on Flood and Drought Disaster
Reduction, China Institute of Water Resources and Hydropower Research, Beijing 100038, China; 2. Research Center on
Flood and Drought Disaster Reduction of the Minisiry of Water Resources, Beijing 100038, China; 3. College of Resource
Environment and Tourism, Captial Normal University, Beijing 100048, China; 4. Tianjin Water Engineering Operation and
Dispatch Center, Tianjin 300074, China)

Abstract: In response to the changes in the frequency and intensity of flood disasters caused by extreme precipitation,
which in turn lead to an increase in the probability and risk of the activation of flood storage-detention areas (FSDAs), a
one- and two-dimensional coupled hydrodynamic model for Dongdian FSDA was developed. The model was calibrated using
remote sensing and hydrological station monitoring data as well as field-based flood mark surveys. A comprehensive
retrospective analysis was conducted of the flood propagation process and inundation characteristics in Dongdian FSDA
during the “23 + 77 catastrophic flood in the Haihe River Basin. The results show that the simulated inundation range is in
good agreement with the remote sensing monitoring results. The maximum water level errors at each hydrological and water
level station were less than 20 cm, the peak discharge deviations remained below 5%, and the peak arrival time
discrepancies were within 2 h. The error of the inundation depth of the flood mark was less than 30 em, and 86% of the
points had an error of less than 20 ¢cm, demonstrating good effect of simulation. The Xingaifang flood peak traversed the
flood diversion channel and Dongdian FSDA in 11 h and 7. 3 d, respectively, and the peak attenuation was 12% and 40% ,
respectively. The flood propagation in the FSDA was slow, with a large inundation depth and a long inundation duration.
About 65% of the area had a flow velocity of less than 0. 2 m/s, an inundation depth of greater than 2 m, and an inundation

duration exceeding 30 d, which included 38% of villages, 67% of farmland, and 96% of the greenhouse structures.
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Fig. 1 Overview of Dongdian flood storage-detention area

HEAHT 35 4 B S 18 AR U U X 208 5
A3 UEE AT 1500 m®/s, K AT Bk 2R
FRES 5t Y p SRS e R, M
AL /N T 700 m®/s B R AR B N A K3 T
L 2 R 700 mP/s B HUT R
T AR SRS I AR vE St . i /N EE K A
FH I T LA DX BT 5 XS 2R T N P YT RV ) A
SEAb KA 5 T KA B, BB TR L 17T 5 256
INHKOIRE] 5. 44 m B, 76 & S B AR BE R T A2
A VA ) KT LA 2R D8 X3t . K & e
P AT Dk T R AT, R AR N R BT
Jo R PEE WL X T 1954 4F 1956 4F 1963 4F |
1977 4F 1979 4 1996 4FF1 2023 iz FH 7 1K,

EEIAT 23« 77 R AR e K D 1] [ R B TR
PUREIEEST 8 A 1 H 2.00 B HAREEMULIX
FIE VAT AL S K 2 7 25 B 43U ) AR U B L X
syt 8 A 2 H 10 00 35 #) & K 4t i &
2790m’/s, 8 A 10 H# =, WAt S B T E
BB 98 % 18 i It 1, VA R AR o> X ek s gkt ;9 A
26 H ,JEX N & HEKEEAHE D . Rkt K g, &
WEMI X Iz A 57 d, 358 12,1 7 A, fo K
Hhig 7.87 40w’ HE XN AR =& % T E K
Pk .

1.2 #HIEFRIE

TR[E W TET RCHE B R e T BE N MO s
2023—2024 AEHTINECHE . H b e B AR R
DURAS | S 2 285 26 43I kAN A3 48 R N T o 3
15, X R BN HUE , R EAMLEE 2 LiDAR
WU AR U A 2 B, IF 38 A A BEARASHRG 0 2 m

() DEM %548 ; V07 b 355 P9 b % $50808 ISR A 2019 4
1: 10000 HIEK, R R (2022 42) R IET
B 5 9 g DR Bk 2 5080 H 0 (hitps 2/ doi. org/10.
5281/zenodo. 7707461) , 73 R K 1 mx 1 m, 455
Wb 8 A R AR SEAT T R X AR BN T8 GE
(Kl2),

i - R

[=p ) m=Fsiii)
L VI - .,

N
A
%jt ] ——

B2 FiEEWHEXEFEEDHE 2022 FLMFASH
Fig.2 Land use distribution of Dongdian flood

0 5 10km
-

storage-detention area and Xingaifang flood diversion
channel in 2022

PRI 23« 77 YRR R K I A AR
At DX R D0t 7K A TR L 3 45 2Ry 74 M) i J
BORBL T HR 42 B w B 12 A A R v
i DR 0 5 AN B (302 A L BRI 28
TR A ) B SR, P 7 R 7K SCoK B8 5L
ISR O R A, O K T & H 28 K i KR
IKSCE AL, AR ORI T AR B 5 D K SCuh A
ARPEAR ST THFE PR K SCok L B Sk JiT il 7K SOt 557N
RO, 7 Sk AE (FEN ) ZK ALk (0 2 s P ol ) 56
ISR ) AR A7t (N2 ) A el et
IKSC o B A I S 0 S Al LA 3 ] SO 1
O AR PEETIPN R BLAE | th KA K 55 R it

T 23« 77 PR AR K R E KR
JK R BRI e S ] AR 2R 3 7 i kX T g 1 bR



A1) IS 15 MIYR AL BURME BOK TR A
JICR A 5 U N SR 2 DX L bR
45 X

2 WIRAE

2.1 HkoiriERE

SR FH KR KR R 2 A 5 B Tk 2K A3 A 1
IFMS (integrated flood modeling system) H1fJ—  —
YER A /K Bl 7 2 BRI TT e 7R i 5 T it DXt /K A A
BT, 2R 2T A BRARFLEE ) Godunov
s O — 4 S Yk R 7 FEALRD — 4R vk T AR A T B K
SRAF,— AT (R A R 1) SR, AR
TIE 28 G I T 224 DX Bl A k7K AR A 750 i B
PR SCHR[ 2-3,11,23]
2.1.1 — =g b Rah ) AR

— AR R R 197, 1 km, BLHE R IE T (&
RIFWHIE , 103, 4 km ) 8 BT (78 E 0B,
42 km) \F 21 (30 (] —3 3k ), 36. 8 km) | P4 R[
(11.3km) HMEH T (3. 6km) , I3t 522 AW, F
Hyle) i 380 m, AR AL 25 0T 56 b o ik R AR vE
EWE X MR 400. 7 km?®, R4 11,4 TANE
SEFDUILTE RO xR i OS5 Se A B pEAT e
AL SR8 S N SE 29 40 m, H A X 8 90 % SF- 44
RAF2578 60 m; 2Rk R EE PRS2 2 m Y DEM £X
P AT v R (L, L AT b DXk 0 A 2R FH 2% 1 T o
M PSR 10 10000 HUJE AT s AR A, (R
a2 A X AR AT SR N ) 32 2y 2
TG A0 VG In] A 5 R R 4k X TR
w3 Fiw,

N
A
— ‘ [
e
mmmlll“““ ; é\{
0 5 10km o E
—— - 17 |

B3 — ZHBAKINFEB EETEE R
Fig.3 Modelling scope and terrain of one- and two-

dimensional coupled hydrodynamic model

2.1.2 vil/#nw

V€23 77 G R MK G R o T b A
AR FHR Bt AT YT N M BRI R R
BT 8 H 7—8 H,JBFRYIFEIIE KL N
& g 4 B HE 17510 HRER AT /N e &
AT, HEANK G B A & BN i R F

R Z I BRI S B & AR Z A5 1, RIE ] A2 b
LA R Bt B A — A T

F1T 3k 05t 1 FE R R v 25 DL e R4, ok
FHIZ B A =X T B RIS D D7 o) e S Pl 100 15
o, | N FERE AP Z 205 O — I
&, TE BE B O 400 my R TR ) 98
150m, T8 H 7 H 12:00—18.00( Jif} 6 h) PUIF,
9 H 16 HCH ;K R Bt T 588 100 m, T 8 J
7 H 13:00—20:00( i} 7h) #UH,9 H 12 H KM,
ESERIBUE TSR 110 m, T8 A 7 H 20.00 &
8 H 1.30( iRt 5.5h) P\IF,9 H 12 H KM ;#4001
RO T8 80m, T8 A 8 H 20.00 £ 9 H 7:30
(B 11.5h) PUIF, 8 A 31 H M) M R 1
FERE 81m,8 F 10 H 5.00 Hidk, T8 7 13 H 23.55
SERETEE § TV A Y e 45 T B it i s B 15t 1 B
A2 400 m, 1558 TR R AR 15t 11 BE R 300 m,
AW ot A ][] A v flR s i X PN Tk K i 3 3
ZB B R IR
2.1.3 ndsFH R AT

AR SCHE KB 38 7% T AR U 8 i At DX 5 R e
BRI, TPEREMN 2023 8 H 1 HE9 A
26 H 4t 57d, I8 10 s, Fi i B FE A 10 min,
S a6 TR o AR TR O 3 i it X R34 5 SR s/
e 3 W S , I AR 28 2R 22 ih T 2 5 R 4 IX 5 55
FERE AR A 1972 H K T 78 % B0l , IF A
BT/ IN R AR i AR 56 AR A 43t
it AOPR A A A R ) T A, DA HE LT
R AL, b3 S b B e B2 0% X E) A 3L
Ab A SR R A SGHE R W A S Sk
TR T I 3 R e 2 o M T I X)L I
St BRI SR FH 0 3 9 T g A 1R 7K A7 -
O ZR M B P il AR 2] S Rtk . ARt
ARG AR R ek T T ALK K IR K A B B A S
DA - e R ML (] 4) RBURFRRHE , A SC4)
FIREAER K (8 H 1—10 H,10d) FiE/K (8 H 10 H

1 600 . >
SEE GRAKBES )
LaoolL T (HOKBIEE)
_ - A GRKBTEE
2 - A (KBB4
= 800r ”./
=3 4
p= o
400} A
.... 532 *
et *
oLs- I L y
1 2 3 N
KAV /m

B4 g A g it koK R 7K B B K - K R i 2k
Fig.4 Water level-discharge curves during rising and

falling stages at Duliujian River flood diversion sluice

.00 .



%9 H 26 H,47d) 32, I koK B i 5 B 20
BEFLZE A SRR KA T R R (8 (#Ja 3l) o dikoK
BEAY r | — 0] X A5 70 7] 2 2% A2 R AR AU 43 i) 221
(A7) s AR AN T £, 4 i Ok X R AR K IR 0.,
UEAR  FEIR KRR AR A4 21 ) SR HERH K A KT
Ta] K P T] A 1% 50, A8E A 2 8GR 7K o B S HE K Y
S
2.1.4 H¥EE

— YRR AR () R R AE P VT 23 - 7R
S PR AR T K ST 5 i R T IR U A AR R AR A
WEAN UK ) AR 3 25 Tk DX T, 7 ) 28—
31 H¥E X &5 4 & vl BBk E ik 200 ~
300 mm , DA 3E DX AL ( T A X SORTAR 3t ) b
TR R BT LA 7 H 28—31 Hi R
AR T BT 24 0. 175 m/d; 8 A 1 HAR
TER UL XS FHZ 5, H R KA 2 3% 3l B 9%
Wie e A, AT WLGE XA T AR I, M HE
TRAETR , FT U TR 5 50 DX PN - 3 S A A, B i L IX
R AN TR R B M B, AR A i
9, RIEEMIEX 7 H 28 HE 8 A 31 H AB#b
B R AKEZ N 4.02 42 w®  FOBRTHT 4d FB &, L
8 AARER Mt X R E TB RN 0.5 mm/h,

3 BZREHLW

3.1 RBIERF
SR FHEAT <23 - 77 3 3P 4k Ak e R
PR BEIE ] K SCRIARAS 3 SIS 5 i 3t IR R

XS — | USRI TR o T AR
7 0.035~0. 04, HMEHLBE A 0. 045~0. 055, 4k
BARS R R R M TE BRI S MRHh R |
K I BB 4358 0. 14 0. 19~0.22.0. 19.,0. 18,
0.1.0. 045 1 0. 04, #2220 4L 5 i 1t
DX 25 () U Dl K, EL 2230 T e 34 45 00 A 7k S8 Tl 32
X FPRE R IUA , 2 T A SCBOR Aol G R By
= FOKEE R AR AR A /NS A I BH K VR
HOMEALAERE R, LS 3 ik g EA 7R X A
(RS SRR B R DL S x5 A2 5 HEF I, TE R
LEE S TRERZREGRE 0. 16, M E R TEE ML IX 4
P v T R R AR R AR R
BUE N 0.19~0. 22 AT, FRBETE" 58 i K i
5 R AR RS 5 A XTI R R IE AR, Y
B 65 4 Y VAL B R AR 3 P 1S K 0. 14, 17 7R U
B UL DN IR BE LAV E Y S Bk, 8 H I £ K IE
b F R K KRR, S BUE R ek,
[ % I

L5 SRR A [ 308 3 Bl 221 2 J Al A /K g
T B RIASE UL B0 i (KRR T 0.2 m) 25 581t
I, WS ATLUE Y W) &30, 7K 3 K AL
WU BRI 25 SR LI 6, KA i s A 400 ol 5 S
IR AR IR —E, 4 AU SR ROK LR 22BN T
20 em 2 7K S Pk AR XTHR 222 /N T 5%, 2
A 7K 3C ARk 0 ke i B RS [R] 2 25 97 2 h 2
P 15 ANBEIR I8 2 A5 00 S8 DU 7K TR 5 B 4DUK R L 55
SRR 1, T A A BRI R 2E N T

B BLK G/ m

mpo m=>1.0~2.0
0 5 10km “ZEEKX >0.2~0.5 = >2.0~3.0
—— CEEEEEEE ww>0.5~1.0 mm>3.0

(a) 8/43H10:40

(b) 8H45H18:00

(c) 8H9HI1:10

(d) 8H31HI11:12

(e) 9H12H13:00

(f) 9H23HI11:30

5 BN SEBERBKEREEX

Fig.5 Comparison of remote sensing-derived and model simulated flood extents

- 100 -



—— WU « S
5 1500 5.0
£, z 750 4\3 2.5
= = = 2.
% e %
.
1 - ; 0 . 0
08-01T02:00 08-29T02:00 09-26T02:00 08-01T02:00 08-29T02:00 09-26T02:00 08-01T02:00 08-29T02:00 09-26T02:00
I} ] I} ] i)
(a) S/ HKAL (b)) A gAE s Il A O i () HRIL (FEN ) KA
5 700 5.0
£ € £
= = 350 & 25
~ mi ~
% = ¥ ;
1 . ) 0 . . 0 . .
08-01T02:00 08-29T02:00 09-26T02:00 08-01T02:00 08-29T02:00 09-26T02:00 08-01T02:00 08-29T02:00 09-26T02:00
I Ji) fisf ] i)

(d) BkMIE KA

(e) 5K IE i A

B 6 KA RESLN

Fig. 6 Comparison of measured and simulated water levels and discharges

30 cm, HeH1 86% 1998 A i BLHME 1R 22 /N T 20 em,
SMATIT 3 R 8 OR BT, A SO g i — | 4k
P 7K 1 2R AT F T <23 - 77 SRR
HEK IR VE & il it X2 A0
F1 HRPAESSZNKESELKR LR
Table 1 Comparison of measured and simulated water

depths at flood mark survey points

F5 J L E=S=R A FE/m BRAE/m  RE/m
1 PYE ) 2.15 2.28 0.13
2 M3k R 2.70 2.86 0.16
3 FIZIERAE T 1.86 1.95 0.09
4 FEFEFARS T 2.10 2.27 0.17
5 BEEFR 0.70 0.96 0.26
6 B JEH 1.68 1.90 0.22
7 SCIREISEE N 1.70 1.65 -0.05
8 FRFEAKAT 2.00 1.96 -0.04
9 AR 2.54 2.43 -0.11

10 AR 2.00 2.18 0.18

11 MR 1.35 1.35 0.00

12 Etae Vi) 3.01 3.18 0.17

13 R B A O 2.30 2.21 -0.09

14 RS R 1.80 1.77 -0.03

15 EHZTdLRH R A 1.80 1.92 0.12
3.2 #HKEHIEESRE

AR 6 A4 W T o A5 3 T T X P B R
TR TRITR) T P A RRAE (8 7)o 8 2 H 21:15 4%
PEHEIE (2458 m*/s) B35 AR V€ &k X i A H Ak
(A—A'WTTE ) , 765 55 5 o T8 P Rk 29 12% , A
FA AT b, U X 5 R T PR G | A
BN REMK R AL E, KIEW IR B
P il 7 i ( B—B/ Wi ) 4b,8 H 3 H 615 Kk
R PIPEE T 174 m’ /s JEIX N 7:30 35 2] 3k g5
1746 m’ /s, AR A% R B I 4 T TE (C—C

(f) frskdb (W) KA
ESEME L

) >0.10~0.15
A PfH&ﬂJ‘ IR (m/s) e >0.15~0.20
T — il e <0.05 = >0.20~0.30
—— 2 A IX >0.05~0.10 mm >0.30
B 7 FRiEERF T REIEGR KR E R MBS S

Fig.7 Simulated maximum flow velocity and typical
control section distributions in Dongdian flood
storage-detention area
M) kb, 8 A 5 H 13:15 3 X PN ik 2 3t g 3
1382 m’/s, FIFATIE o E X P 10 min 74 3 k0
T 144 m’ /s T B 3E iR 4 T I ( D—D I
) A, 8 A 6 H 6:45 TE X N ik B it i Ui it
1350. 9 m®/s, K] T0f 1 5 38X 00 ) (AR T
HAOILAEJE, T8 H 9 H 7.15 ik 5t 15 3 &
220.8m’/s, K & k%4 XL (E—E Wi
M),8 J 7 H 8:00 W& X N ik 5| #t g 5 &
1042 m*/s, K )R] 38 PRT G A2 45 B st H 2 i
W, 5K ICHETF 8 A 7 H 12:00 ik 3 it 0 I
688.7m"/s, S NIRRT (F—F/ Wit ) , & IR |
SRS ERIR UL T T\ R TH ) 20 52 Jmy 7 188 Wi, KR
SYUKE AT ITE , T 8 7 10 H 04.00 A%t
VR 1042, 3m’ /s, € X A Uik 1t 920, o K 1t A
402. 9 m’/s; KIFW 5 F A WAELA 5, 2005 ] 2k it
] 8 H 10 H 5:30 ik FEm A 1357 m’ /s, AP,
Bl R & B 4 AR D1 TR0 B ) AR Sy
X KA AT KA 10~ 20 em (R IHEE, 0 1 56
FNEE KR 0 R T AR K R A R
143.4 180.3.175. 6 .40. 1 m’ /s, SMAK I, 5 5 45

- 101 -



TR0 1 6 5 X A 2 3 s A ) A 49 B ) 249
8 d, Ho A7 /b Py (AL RE B T 29 11 b, FE AR VE & i
HEX Y BAERE I ] 24 7. 3 d, K2 %0 X A v 93 /K IR
HBAETZIT B N IR I ; [RIET 285) ol M AR e 35 i
HEDX AR & VR, 0 35 D o it ive 2 b gt ek o) a2k 33t )
IR 51% , H PR TE & i L DX N 2082 40%
FERF R K SRR Y0738 P 90 B 8 R X
HAPRE WA (F T A ) BE K S5 K s
0.60~1.50 m/s, RKIEW (fEFEF LA ) dhK e Kt
BN 0.30~0.60m/s, ME 7 AT LA, UE X N i
FU AR b 5 BV ) AR U e R KU
0.62m/s, FHEHE 0. 13 m/s, T EAE T IE X P Hi 3
S M T AR 0. 1%0, BLRH K 50 3 e K
FTRERFAEY £, WK ZE, XML
3% 11 B X 3 U K T 0. 30 m/s, 17T U B A
<0.10m/s.>0.10~0.20 m/s ,>0.20~0. 30 m/s F¥[f]
BU S 40% 45% 10% ., AN, AN 4 HF] 2R AR
TR R0 fH e B2 50 FE L (0. 13 m/s ) (KR
(0.10m/s) JRZ KM (0.06 m/s) , AT WAHE Tk,
AR (R L3 A ) BH ISR ST it
IR AR T A M X, R, R TR R E

TP HEE
3.3 ERKRKEEZLE

TR 23« 77 Y R I K U [R] | 2R U 5 e
TR BV T W KRR WE I T B G, AR
PGS (K 8) , e KM B TH LA 313, 1 km®, Hirfrk
THITLAAGIX 8 (B 4 A2 4 X)) DU TIR 58
SKAHET Z B IIE T LA DA 2 i, TEIX
PSSR R SR 2 I SR AR A RRAE 1
PP BKTR R 2. 63 m, e KIS KIR A 4. 65 m, &
SR TPTETRALEE NN A EE AR D, B R
BOKER<1.0m MBS B BB IRRN 2%, 1
BIKIEHF>1.0~2.0m . >2.0~3.0m . >3. 0m FYTHFH
A3 13.22% 48.20% 37.39% (% 2) ., TEX N
WA ) 3 A (09) 5KIRZEAL, 24 %
Bf Ry 38,7 d, He i % B o < 10 d ) IX 38 g AR
JE SRR 1% , i A >10~20d,>20 ~
30d, >30~40d, >40 d A9 1 L4 G 5 9.29%
11.33% .28.71% .50. 42% (£ 3) .

AN [R) = i ) FH 2 B8 Be K TR NS I A — 5 22
S(FR2 MK 3) , FEXNZMAEREBAL T LA
BN G HM T 44 DRRSCRE 8 ANk, 38 52 A4~

y FN

T P R A S B, 380 3 e X (R Fh

DXHEEAATE BEDIBE, 75 7% B 3 DX P N E A=l

/ N
‘ A
KR = >1.0-2.0 W& s/ >20~30
0 5 10km 41 , ﬁ%im m-=>2.0~3.0 0 5 10km E@ ) <10 >30~40
——— EEEX m>05~1.0 mm>3.0 e @@L AEX >10~20 == >40
B8 FREEWERBMRKEZKRAE F9 FiEEHEREMNEEHRNSHE

Fig.8 Simulated maximum inundation depth distribution

in Dongdian flood storage-detention area

Fig.9 Simulated inundation duration distribution in

Dongdian flood storage-detention area

FR2 AEERKEISREZERE &
Table 2 Inundated area and proportion corresponding to different inundation depths
K /m WY km® T AR L/ %
IRVEE X Bl FHHE T2 KM IRVEFE X Bt T HE it % K
<0.5 0.56 0.33 0.06 0.05 0.18 0.14 0.17 0.31
>0.5~1.0 3.17 1.15 1. 64 0.06 1.01 0.48 4.55 0.37
>1.0~2.0 41. 40 23.37 14. 20 0.48 13.22 9.76 39.43 2.99
>2.0~3.0 150.90 119.70 16.51 7.62 48.20 49.98 45.85 47.51
>3.0 117.07 94.95 3.60 7.83 37.39 39. 64 10. 00 48.82
xR3 AEERHBISEREZERE L
Table 3 Inundated area and proportion corresponding to different inundation durations
W T/ d — A‘I@‘&E}‘R/kmz : A S ?’é‘&ﬁ*ﬁﬁtlﬁ/% ‘ ,
IRVETE X Hrit i HE T2 KM IRVETE X Hrit i HE T2 KM
<10 0.79 0.44 0.22 0.04 0.25 0.18 0.61 0.25
>10~20 29.09 13.90 12.94 0.16 9.29 5.80 35.93 1.00
>20~30 35.47 23.20 7.83 0.36 11.33 9.69 21.74 2.24
>30~40 89. 87 74. 85 9.24 4.15 28.71 31.26 25. 66 25.87
>40 157. 88 127. 11 5.78 11.33 50. 42 53.07 16. 06 70. 64
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