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Flood simulation in the Qinhuai River Basin based on a coupled distributed
hydrological and hydrodynamic model

WANG Yujie, LI Zhijia, YAO Cheng, NIU Haoran
( College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China)

Abstract: To more accurately simulate flood propagation in the Qinhuai River Basin, a loose coupling approach was employed to
integrate hydrological processes with one-dimensional (1D) and two-dimensional (2D) hydrodynamic processes. A coupled distributed
hydrological-hydrodynamic model was developed by combining the grid-Xin’ anjiang model for upstream hydrological simulation with 1D
and 2D hydrodynamic models to simulate downstream flow dynamics. Specifically, a 1D model was applied to river channels, while a
2D model was utilized to simulate flood inundation in complex urban environments. This study proposes a comprehensive distributed
hydrological-hydrodynamic coupling model that effectively represents the entire basin’ s behavior. The results demonstrate that the
model effectively simulates five flood events from 2015 to 2020, achieving an average Nash-Sutcliffe Efficiency Coefficient of 0. 932,
indicating high accuracy and reliability. As a case study, the 20200713 flood event was analyzed, revealing critical flood risks in areas
such as Zhenghuai Road, Fenghuang East Street, and the Wudingmen Sluice area with maximum inundation depths exceeding 0. 5
meters.
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Table 2 Simulation results of peak flood depth at

Dongshan station

5 20180815 AL 168 7 o7 DU) e F S Ak 0 . Ak e K IR

225 2 B K SO BB 2 B, A 5
(%) B R RIS S5, 5 Btk 6T 24
AR R BT 15 0. 932, K BBtk 2 15 5B
B, PRI SRR b I A SC R 19 6 2 4

e ffﬁ?{lﬁtm’iz iiﬂﬂﬁtmﬁ ‘ iEbo) Wﬁﬁt?
JK%/m KR/ m RE/ % EX
20150614 8.18 8. 42 -2.85 0.971
20160701 9.55 9.71 -1.65 0. 949
20180705 6.09 6.24 -2.40 0.870
20180815 7.20 7.02 2.56 0.968
20200713 9.09 9.34 -2.68 0.901

R

20200713 5K Y47 i KRS (A, 0% LTI ] A 2020 4 7 1 13 %5 0:00 £ 7 H 26 H 23.00, 34t
336 M B, Z K AR Lt K A7 B AN 6 (e) s o SR IR 133, 8 mm, HEIEIK A7 11. 04 m, DRI
67 7 18 H 7:00 RIEH 128 A0 Be , WP H AT R A, X 126 241 A WAK B /K IR AT Ge 7] A, AS B K
JKIR B Z S e SR 102 2= 106 /MBI 7 H 175 7.00 7 A 17 B 1300 ; M4 e RK I H P 20 {8
A 132 /N B 7 A 18 45 12,00, B T30 X B 70 BT o b i J2e 8 Tl 3 ] i Bl 3, 30 DX 0 s AR R AR Ak = 2 A2 %
TR BB 25 AR AL 2 M PR I DA e RO K IR H RS ZI4E TR AR5 102 2 106 /N

P VAT 7K 58 HL RS IR YA T R Rl e 4 T A 2
HP I PRI K B AN Wb K PR 1 0 DI DA A R K T B
B 20 e UE K R W, DA F 28 WE B I e A R
3473 SWIAE A B, A 7 iR, PSRRI 7 H 14 H
7:00( %5 30 /M) AY 0. 015 m K &= 7 A 15 H 13.00( 4
60 /NEF) 9 0.30m, BEJE &= 7 H 19 H 14. 00 ( 53
160 /NI ) 3K 0. 69 m J5 3G 3 ik 9% | e 24 W oK TR Ik e K AR
4 0.78 m,

TWEKZE 7 H 26 H 23.00( %5 336 /NG 1% 70 40
8 T/ , Z8 T T YR JA0 AR X bt A0 32 Ak o 2 A B, G

1.00

07-20T00:00  07-26T23:00
%1

B 7 3473 SMEKRTEL
Fig.7 Water depth process line of Grid No. 3473

0
07-13T01:59



552 1 EE, A ST AR SOK SR AR 1 2 HE I A K AL 17

H 240 RS KRR 0. 8 m, FR4  SLBrKAAR , AnBERkis)  rg 1SS, 0 A S E T RE N m R kiR 225 R, kT
ARSI X e A, oYl T ] B et de R FH 49 X 0 s O DX, 1 BEZEYE T AT 1.7 ke A2k, FSAE 6 I el 2R %%
ISV AR 17 259 2 A 5, P AR TR S RN JRUBUAR A 2 B A0 AR B T 0. 60 m LU L R I 1 B0, 0] e B R 1%
JKER 0. 69 m , K [ 35 X 8 G f KK R GE 0. 53 m; @ X I, 2 S~y 22 el wk g 1) W) BE, 2 e B RV % /K IR
0. 67 m, Y X IKIRIK 0. 54 m, A5 BOK RARE Iy, 255 LMAE AR, 5 K A W 1 B IX Ik 3 1 25 VB T
AILE 5km &b, BRZEEHrmT ] R W BN S W B kA, F B A AE PEARAL I T e o Bl 4, 0T )2 B
KA BIKIRIK 0. 78 m; @ IX I 4 Ky 522 WEH I BEIE AR 113k 1.5 km Ab | 8 5 & A AE 28 WE AT KA T Ui 25 10 10
A5 TR I R B K R IA 0. 91 m, IR 4] B A AT /K 2 b 28 el | e ROME R /K IR 0. 67 m, i X 48 A it /K 2
HET —E R BRI E KEH  AROR S 1T AKX i wht

BREE S AT 4 X388, K] 8 R R SR AT (o IX S AR AEL /K IR KT 0. 60 m (19 DX 3k, Y4147 70 45 v 1140 s 32 XL
W6, AR h I A VY 2 S IR At | 5 Ui e T P AR T VR DXV R (TRL 9) v — I, U I AR SO A g
SORB ARG 1A, WNETIERRT (Z8) i =78 1wl BT BE, DL K % 28 YT B 1A s Y L, PO FE TR s e X N
XL X I ) 57 UK B o R ZE e R ) G B TRIX . SR 1 HR T 26 E 5 B VR X BT RE 7, U [
] S LA Bt LB b ek by o [RIE, T BN DX HE K A M s S Ak . 8 S K Sk 2N Bl B A & ik
FECH LI | $2 = 3k T B 1 X A K SR RE O, (eI O AL AR T 5 AR 2R | DL AR At 35 44 X 3 IX i 7%
TERUS
R /m | N
0.80 A
0.75
0.70
0.65
0.60
0.55
0.50
0.45
0.40
035
0.30
0.25

0.20

0.15 ' g
0.10 : 0 45 9.0km

0.05 TR B X

B8 20200713 Stk 5 336 N E)EILSEE B9 THEBEERK
Fig.8 Inundation area at 336™ hour of the NO. 20200713 Flood Fig.9 Potential inundation areas in the downstream

4 & &

a. MEAY—4E | 4B GRS IR 5 Ut AOK AL BN SCRE RECT 14935 0. 932, RA S Y
TFERERE e PRAETTS30KS B2 A [R) Ik, K b B L DX RS 23 A1 XK SCRERIZE A SRS A R AIR T 3880 TRl
TN TS (AN A ) IR AR K T L S A

b. Xt 20200713 K 11 BEAUIA , ZEIHET] T3k X 22 Ak DXl (roaRve i RUBRAR 187 | 1] 1) X 3l
S ) AR M A, , B RS K TR Y i 0. 5 m,

c. i 2 AL BRI RS K ST R S AR R R T A it sk gl g AT A 3 4 A 1A 2R i 7
[, R T 1 e By

SEW:

[ 1] ML, B w4, 55 KUK I 856 M 28 W i el oK AR A0, 5 SEIRETE [ J ] J0 i R 24 ( A AR , 2023,
51(3) :25-30. (WANG Haoran, WANG Rong, HUANG Pengnian, et al. Research on flood simulation and real-time correction of
Qinhuai River Basin combined With hydrology and hydraulics[ J]. Journal of Hohai University ( Natural Sciences) ,2023,51(3) :
25-30. (in Chinese) )

[ 2] 5KEF,5KATRS , VEMEAE 5. ZR U Rt 7R LU /KA TR ST [ ] . K SRR PR, 2020, 36 (2) :41-46. (ZHANG Xuan, ZHANG



18

R N AW 053k

(3]

[4]

(5]

[6]

(7]

Xingnan, JIANG Weijia, et al. Study on water level forecast of Dongshan Station in Qinhuai River Basin[J]. Water Resources
Protection,2020,36(2) :41-46. (in Chinese) )

FEIRR  WRELIR RD5 55 B 2 YRR AR BORHBE 2 4 V0 R Ui 1l DX /N Sk Mk /K B4 i HI [0 ] AR 2#, 2021, 33
(2):581-594. (GONG Junfu, CHEN Hongbing, ZHU Fang, et al. Application of Xin’ anjiang Model in the flow prediction of
ungauged small-and medium-sized catchments in the middle and lower reaches of the Yangtze River Basin[ J]. Journal of Lake
Sciences,2021,33(2) :581-594. (iin Chinese) )

PRI 2RSS, KR, 26, WREF-Hydro #5557 28 VT A AL A WRIAT AL A LI XT EE [T BIIAR7 ,2020,32(3) :850-864.
(SUN Mingkun, LI Zhijia, LIU Zhiyu, et al. Application of WRF-Hydro modeling system in Chenhe Basin and comparison with
Xin’ anjiang model[ J ]. Journal of Lake Sciences,2020,32(3) :850-864. (in Chinese) )

WANG T,ZHANG L L,ZHAI J Q,et al. Automatic calibration of SWMM parameters based on multi-objective optimisation model
[J]. Journal of Hydroinformatics,2024,26(3) :683-706.

TEROK 52, FRGH A5 ) b 7K 8 5 05 i A T Y0 R e v il e e i 1 [0 ] i DR 27 4 ( SRR i) , 2020, 48
(2):95-101. (LI Zhijia,HE Meng, YAN Fengxiang, et al. Applications of channel flood routing methods in middle part of Huaihe
River and Hutuo River[ J]. Journal of Hohai University( Natural Sciences) ,2020,48(2) :95-101. (in Chinese) )

XA, E3C, XNTTHE, . Fe T EnKF 35 1R TER R L SWAT BRI S AL PPAG [ 1], Wi K440 ( A 28 FL 2
f%) ,2022,50(2) :1-10. (LIU Yongwei, WANG Wen,LIU Yuanbo, et al. Evaluation of the optimization effect of streamflow data
assimilation on SWAT model parameters based on the EnKF approach[ J]. Journal of Hohai University ( Natural Sciences) ,2022,
50(2) :1-10. (in Chinese) )

[ 87 ZEBUR, WAk, T 4. LT M 08 2 YT ASE AL (A L AR, FH [ )] Tl K 24 ( A ARBI#AAR) ,2007,35(2) 1 131-134. (LI

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

Zhijia,YAO Cheng, WANG Zhonghua. Development and application of a grid-based Xin’ anjiang Model [ J]. Journal of Hohai
University ( Natural Sciences) ,2007,35(2) :131-134. (iin Chinese) )
WG, 2B, TR, A TS BT L VAR 1) v INT R AR A K S5 [ D] 0 RS 2 ( A AR B ) , 202,49
(1):19-25. (YAO Cheng,LI Zhijia,ZHANG Ke, et al. Fine-scale flood forecasting for small and medium-sized rivers based on
Grid-Xin” anjiang Model[ J]. Journal of Hohai University ( Natural Sciences) ,2021,49(1) :19-25. (in Chinese) )
XEHG , BEMGAE. FEF VIC AREY a1 el X K 28 (] 43 AR ST [ )] K L RBIR L% ,2018,36(2) :28-31. ( DENG Peng,
HUANG Pengnian. Water spatial distribution of upper reaches area of Huaihe River based on VIC model[ J]. Water Resources
and Power,2018,36(2) :28-31. (in Chinese) )
REF BT E B T VIC BRI B L N K B PERERBITSEL T ] . /K HLRE IR, 2017,35(10) :21-24.
(WU Zhiyong, ZHENG Ning, MAO Yun, et al. Inflow forecast for small and medium-sized reservoirs based on VIC and
geomorphologic instantaneous unit hydrograph[ J]. Water Resources and Power,2017,35(10) ;:21-24. (in Chinese) )
EHOR, EFHIK, BMEA, A TOPKAPT KR (9 13 T B 5087 2 TR R L 87 [ 0. 7K 00 & FL,2013,39(11) :6-10. (LI
Zhijia, WANG Xiuqing, LYU Yanxiang, et al. Application of TOPKAPI model and comparison with Xin” anjiang Model[ J]. Water
Power,2013,39( 11) :6-10. (in Chinese) )
XUEIR, ZEHOR, XA, 45, 20008 2 T 5 4 X TOPKAPT B8 (4 K AE40L [ T]. K 1 % HL, 2016,42 (1) : 18-22. (LIU
Yuhuan, LI Zhijia, LIU Zhiyu,et al. TOPKAPI-based flood simulation in semi-humid and semi-arid regions[ J]. Water Power,
2016,42(1) :18-22. (iin Chinese) )
W, T ZE8R 5 AR BB S HORAE Jr i E TOPKAPT LA A A i FH [ T 7. g K 2F 2431 ( A ARBHERR) , 2024, 52
(1):21-28. (TANG Ling, WANG Haijun, LI Zhijia, et al. Application of surrogate modeling parameter calibration method in
TOPKAPI model[ J]. Journal of Hohai University( Natural Sciences) ,2024,52(1) ;21-28. (in Chinese) )
W/NE RS AR, 5 BT o BR AR R i — 2T AR A [ )], AR H R B 3E R 2015,35(4) 1 6-9. (XIANG
Xiaohua, WU Xiaoling, NIU Shuai, et al. Construction of one-dimensional river network model based on explicit finite volume
method[ J]. Advances in Science and Technology of Water Resources,2015,35(4) :6-9. (in Chinese) )
)/ Ve SEIGERS A= i, 45 308 22 03 SROT WA — 2R AR R R g R [0 ] KR g 2013,24(6) :894-900. ( XIANG
Xiaohua, WU Xiaoling, NIU Shuai,et al. An application of flux difference splitting scheme in river-network model[ J]. Advances
in Water Science,2013,24(6) :894-900. (in Chinese) )
/N RIS, SRR S T A N B REALAY GPU JRAT IR [ ], I RS2 4 ( FARRR IR L 2020,48(6) :528-
533. (XIANG Xiaohua, CHEN Yingwu, WU Xiaoling, et al. GPU parallelized algorithm of urban two-dimensional inundation
model[ J ]. Journal of Hohai University ( Natural Sciences) ,2020,48(6) ;528-533. (in Chinese) )

(T#% 114 )



114 WK AR R ) e

International Journal of Geotechnical Engineering,2009,3(3) :353-359

[11] BIERBAUMER A. Die dimensionerung des tunnelmauerwerks| M ]. Leipzig: Engelmann, 1913.

[12] W, P ML AT , 55 10 b b 227K A B8 T 42 TR 0 Sl e DR BB [ ] ¥T i R 272 3 ( FLARBR i) , 2023, 51
(1):158-166. (SHEN Zheng,MIN Fanlu,BAI Yuxin,et al. Numerical simulation of passive failure of underwater shield tunnel
excavation face in sandy soil layer[ J ]. Journal of Hohai University ( Natural Sciences) ,2023,51(1) ;158-166. (in Chinese) )

[13] BK¥T K%, ke, 45 5 JEAN 3 DX HE R B BE IE A 3 5 WP 5E [ 0], b TRE2A4R, 2023,45(8) 1 1754-1762.
(GENG Zhe,YUAN Dajun, JIN Dalong, et al. Loose earth pressure of tunnels considering progressive failure of loosen zone
[J]. Chinese Journal of Geotechnical Engineering, 2023,45(8) :1754-1762. (in Chinese) )

[ 147 BRIGEIE. VRHLE 4 BB 2 0 R AR L X+ B 1 X9 [ D], i RifF k%2018

(1) 9K %, HIARE, SKIVERT, 5. %50 5 R R B PP 5 5h RS9 JE 0 S0 1), 0 1% 5T
TR24,2021,40( 11) :2366-2376. (ZHANG Mengxi, DAT Zhiheng, ZHANG Xiaoqing, et al. A calculation method of active limit
support pressure for deep shield tunnels considering principal stress axis rotation[ J]. Chinese Journal of Rock Mechanics and
Engineering,2021,40( 11) :2366-2376. (in Chinese) )

[16] ARPRHG. 23 ) 2R S BRI S 5 M HI[ D] bt b7 Tolk k2%, 2016

[17] ADACHI T,KIMURA M, KISHIDA K. Expermental study on the distribution of earth pressure and surface settlement through
three-dimensional trapdoor tests[ J]. Tunnelling and Underground Space Technology,2003,18:(2/3)171-183.

(18] ZRFEAR. JE A T2 ThT — Ak i v RS AR 8 e S 4 i B D5 i b 5E [ ). A £ 0%, 2022, 43 (8) :2092-2102. (LI Chunlin.
Curved solid failure model and calculation method of supporting pressure for shield tunnel excavation face[J]. Rock and Soil
Mechanics,2022,43(8) :2092-2102. (in Chinese) )

[19] CHEN R P,TANG L J,YIN X S, et al. An improved 3D wedge-prism model for the face stability analysis of the shield tunnel in
cohesionless soils[ J]. Acta Geotechnica,2015,10(5) :683-692.

(ki H 1:2024 - 04 - 16 Fhiti: - g0
L
(E#&% 18 W)

(18] WA ARADTR , BRI, 25 AULEE 3R FF /K R 2618 DX K PR 5 A S [T K BE D4R, 2023,39 (1) :200-207. (YAO
Siyang, LIN Miaoli, CHEN Cheng,et al. Impact of the scheduled Poyang Lake Hydraulic Project on water environment capacity in
lake district[ J]. Water Resources Protection,2023,39( 1) :200-207. (in Chinese) )

[19] MONTANARI M,HOSTACHE R,MATGEN P, et al. Calibration and sequential updating of a coupled hydrologic-hydraulic model
using remote sensing-derived water stages[ J |. Hydrology and Earth System Sciences,2009,13(3) ;:367-380.

[20] DE ARRUDA GOMES M M,DE MELO VERCOSA L F,CIRILO J A. Hydrologic models coupled with 2D hydrodynamic model
for high-resolution urban flood simulation[ J]. Natural Hazards,2021,108(3) :3121-3157.

[21] AR, 22, RE0E, 55 B T/KSOK S IR B A BRI 7 384 DRI T B AU [ ] iU 24 (T2 i) , 2023, 56
(8) :912-921. (DENG Cheng,XIA Jun,SHE Dunxian,et al. Urban waterlogging simulation in a typical area in Shenzhen based on
hydrological-hydrodynamic coupling model[ J ]. Engineering Journal of Wuhan University,2023,56(8) ;:912-921. (in Chinese) )

[22] skl fhe e, B2, A5, Wisok 3T K 3l g KBRS RSG5 N AT ST ke [0 ] K FK R 9 Jig , 2021, 41(3) < 11-19.
(ZHANG Ting, XU Binxin, KANG Aiging, et al. Advances in joint application of hydrology , hydrodynamics and water environment
models in river basins[ J]. Advances in Science and Technology of Water Resources,2021,41(3) :11-19. (in Chinese) )

[23] Z30R, Wbk, T R 8B, 56 IS B R VTSRS [ T, 7K ) & Ha 441, 2009,28(2) :25-34. (LI Zhijia, YAO Cheng,ZHANG
Yuxia,et al. Study on Grid-Based Xin’ anjiang Model[ J ]. Journal of Hydroelectric Engineering,2009,28(2) :25-34. (in Chinese) )

[24] MRz, R L4k J7 REA 4 2R PR X BORRE MR/ T [ U] T oA 4l ( AR B RR) , 2011, 39(4) :397-401.
(HU Qingyun, WANG Chuanhai. Stability analysis of four-point linear implicit scheme of Saint-Venant equations[ J]. Journal of
Hohai University ( Natural Sciences) ,2011,39(4) :397-401. (in Chinese) )

[25] ABICZE, T B ARGTT, S5 D i o0 05 R B VB9 7 R 0L B S b BT S5 BF 58 [0 ] A B 2 1R, 2017, 39(8) - 164-169.
(ZOU Changjun, YIN Yong, LI Haijiang,et al. Application and research of numerical calculation of partial differential equations
in virtual reality[ J]. Ship Science and Technology,2017,39(8) ;:164-169. (in Chinese) )

[26] FEAERE, K47, e, ZR U iR K SO KN I J ] ZKFI2441 2004 ,35(4) :42-47. (WANG Jianqun, ZHANG
Xianyang, LU Zhihua. Digital hydrological model of Qinhuai River Basin and its application [ J]. Journal of Hydraulic
Engineering,2004,35(4) :42-47. (in Chinese) )

(Uick B I1.2024 - 05 - 17 Sl XD



