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Fig.1 Framework for discriminating easily occurring runoff generation patterns
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Fig.2 Underlying surface attribute map of the study area
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Table 1 Calibration result of
SWMM parameters

BH HEH
LSTM BRI Z M KE o AR K CEE A /mm 7.3
2.4 IFLEEBIRSEERE KX 2 i /mm 12.06
SWMM J2& 3 FEI PR3 38 T 1972 4R FF & (R 38T RR PEAST 0L A e P AR 1Y AREKIKE TR 0. 14
Z—, PUERMET FB AR, IR SRk R BAXETRY 028
Ve, A ) TR M T — e R A v i BRI 3 Sy, BORABR G 80,32
SWMM AT TFIR . FHOTRAGE B THRAE R UTF R A gy TR/ ()13
TR, ek T SWMM A b A YR 72 19 X E B R BE K GROML 5 AR 6.63
SWMM SR HE 17 #8459 B GRGM- SWMM K780 [ B 15 S % L 451780 Fl/PARTAR o0
SWMM 1 GRGM- SWMM #5155 22 3208 i 280 3 il i 8 1 16 4>, T 18
Btk EENR L, £2,
%2 GRGM-SWMM A SHRFLER
Table 2 Calibration result of GRGM-SWMM model parameters
itk BH A e BH ES
s R E KA/ mm 15.64 _ BB AR 0.01
IR )2 E K i/ mm 75.36 ;iii TRA T T M A 0.15
ERITE R 1.41 BT A 0.40
LA B 162.30 L B 0.16
FE BRI 29 PR 2 0.31 Eﬁfﬂ I —— 0.46
BANBH/ (mm - h ") 80.32 HRE i 0.71
FB/NABF/(mm - h ") 11.35
BIE/ T R 0.014
FIRRE/L ! 6.63
BB R 0.25

3 #ZiR51MHE

3.1 SiREFREXZTES X GRGM #HEKIE

WNE 3 (a) Bion, BE5EIX 5 KA S A RS G R 2, Wik 72% , EEAR e o 3R X R A 3
JEBRBIHLIC; B AR A N 19% , 5 R A 6 A% o e b, A0 9%, 1RA
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Fig.3 Spatial distribution map of easily occurring runoff generation patterns and simulation results evaluation of GRGM model

3.2 GRGM-LSTM # & 16

Kl 4 J3 GRGM-LSTM BERIAEARRI B (1, 3. 6, 12 h) 55040 N ALK RE OS5 2R, DI 2RI 4 FhA TR
T WL GRGM-LSTM AT () E s 77510 2,93 4.40, 6.27, 8.73, E\ /325 0.98, 0.96, 0.92, 0.85,
Corl 2 0.98, 0.96, 0.92, 0.85; B Eyyo 35124 10. 16, 15.16, 22,15, 26.79, E\ 43 531°40.96
0.90, 0.80, 0.70, C,Z33250.97, 0.91, 0.81, 0.71, YIZAIFIE UEH Y T U 2ok 752 5 00000 3 ko
W& RREE LT, FEARR R WL SEPR UK i i A . MIPANEPRZE R, Enys . Exs ™ C(H BIR S5 BEE 15U 1Y)
FRHER T S BN BE T ) A8 Ak, (HBULIA/INT 6 b B 0D BE AT R FEZE R B K. Rl GRGM- LSTM #5228 (1) i
RS 4 5 T U300 94348 T vy BRAERA P04 AR TG 0, X5 Xu A5 E R R R IR ST 458 — 3, = A
S A S5 BRI BRI BRIG K, SBUT VIR 2 RO R WSS, LR LER S > 2RI AR ok DL 2=
AFIRY, Ry, -, ROCH BRI ¢ 21RO E) © Q49 Q0PI BEE TSR, 3 ETUION
TR,
3.3 AEEBIFLER

GRGM-SWMM F1 SWMM fE R xt LAY 540 18 U KA 44 Epys . Exs. Cp23 5128 7.00, 0.84, 0.91
12,12, 0.62, 0.71, GRGM-SWMM F-3J E, .t SWMM FEAIK 5. 12, E Ml C {H 57 0.22, 0.20, &K
A GRGM-SWMM [t SWMM HA 47 5E FHYE, BURGRER m . ABFE R W12 8 RO /K T 3 T i 37 1Y
RIS X AL 0 A R A L A T A PR ARG BT, R o TR A 0 220 i R AL e A, XS
AN 5T % S AR S ()53 A 0 P ST AR ELRE N, DB G e e AR R v A B AR B B Y AR A
HE KRR

5 & GRGM-LSTM Hl GRGM-SWMM , SWMM 3 M5 18 I KAL) E s . Exs 1 CofH =T, Xt
3 PSR B 7 MK A OE M R AR T TR R AT INAL, il E e (GRGM-LSTM) + Epys (GRGM-SWMM) + E
(SWMM) =1, E(GRGM-LSTM) + E ( GRGM-SWMM) + E\ (SWMM) =1, C,(GRGM-LSTM) + C,( GRGM-
SWMM) +C,(SWMM) =1, BRI TR SAEEI T 3 4530 b rxd i EELE AU 1, B 4530 b DU &7
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Fig. 4 Prediction of flood discharge results using GRGM-LSTM model under different forecast periods
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MELS (a) ATLAE H, DA By HIRZEIEAEFE PRI, S0 ik /K L4000 22 T8 2 10 (i () SWMM 5 1), K&
GRGM-LSTM AT WA B I, A 48L4R 2% 1)) GRGM- LSTM %1 Jy [ g A # 31, JLF %A 11 GRGM-SWMM
T sl MBS (b)—K 5(c) AT RIEH, Ll EGH C b BEVFA TR bR, 37 Uk /K RS ALIRS B2 B8 22 1Y) i 1)
W N1 ~6 h B GRGM-LSTM B8 )5 i), % GRGM-LSTM A1 F WL i , #5540045 B L GRGM-LSTM
BEARY Ty ) i 2 0 1) GRGM-SWMM , {H AR LK IR AR i —2F Ul WA HIL 28 2 20 155 AR X T 4 3 20 1) £
AL/, (EAT B K PR A B i 6 % . 24 GRGM- LSTM A5 A1 i) 9 WL 1% & M it 6 h 35 %) 12 h B},
Ens. Co25BURS BEH8hR R/ 7 2 GRGM-SWMM [X I8, E %22 45 bR i i 2E 5000 4 7E GRGM-LSTM #
RUJy ] XSk P, LA S5 g AR A ) 22 BE g — 4/, HLAE KGR A ik K o GRGM-SWMM A5 74 3¢ B H
T A TR
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(1) TG BB =ik, WF7EX GRGM MR = i FE AT IR 22 A 33. 26% . V-3 pee Pk
REHRE 0.089, GRGM A i 545 5 0 A Enf

(2) 7E 1 ~6 h WY &1F T, GRGM-LSTM BRI ZR i Fse e K 74l E (1 €, ¥t 0.8, F W
GRGM-LSTM B HA RAF (058 FIPE, 0T GRGM-SWMM . SWMM Y i HA 5T 4 () F0IORS 22

(3) GRGM-LSTM Y FIDRS B85 25 bl 100 U0 A (0 38 it R, YL N 12 h 8, Ey. C, ¥R E
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Study on flood forecasting model of watershed-urban complex system
considering the spatial distribution of runoff generation pattern-
LIU Chengshuai', SUN Yue', HU Caihong', ZHAO Chenchen', XU Yuanhao'?, LI Wenzhong'

(1. School of Water Conservancy and Transportation, Zhengzhou University, Zhengzhou 450001, China;
2. School of Civil Engineering, Sun Yai-Sen University, Guangzhou 510275, China)

Abstract; Current study incorporates both the watershed and urban areas into a unified spatial context in order to
address the problem of coordinated flood forecasting in watershed-urban compound systems. Based on the proposed
framework for distinguishing easily generated runoff patterns, a hybrid forecasting model, called GRGM-LSTM, and
is developed by coupling the Grid-based Runoff Generation Model (GRGM) with Long Short- Term Memory neural
networks (LSTM). The model is tested using 18 observed flood events in the control basin of the Jialu River at
Zhongmou station. In addition, the forecast results are compared and analyzed against the Storm Water Management
Model (SWMM ) and GRGM- SWMM model. The study reveals that: (D The relative error and coefficient of
determination obtained from the GRGM for simulating runoff are 8.41% and 0.976, respectively. This indicates that
considering the spatial distribution of runoff patterns results in more accurate runoff calculations. (@ For forest period
of less than 6 hours, the GRGM-LSTM hybrid model outperforms physical mechanism models such as GRGM-SWMM
and SWMM, vyielding Nash- Sutcliffe efficiency coefficients greater than 0. 8, indicating superior simulation
performance. (3 However, for a forest period exceeding 6 hours, the GRGM-LSTM hybrid model experiences some
accuracy loss, and when the forest period increases to 12 hours, the simulation accuracy of GRGM-SWMM surpasses
that of GRGM- LSTM. The research findings can serve as a scientific basis for coordinated management of flood

prevention and disaster reduction in watershed-urban areas.

Key words: watershed- urban complex system; flood forecasting; runoff generation pattern; machine learning;

GRGM-LSTM model; Zhongmou station control basin
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