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Comparative study of machine learning model and physical mechanism model in flood forecasting of the
Changzhao Reservoir Basin//QU Simin', YU Yu', FANG Zheng', LUO Xiaoliang®, SHI Peng', YU Hong®, ZHANG
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Abstract; Taking the Changzhao Reservoir Basin of the Cao’ e River as the study area, rainfall and runoff were selected as
the primary influencing factors to construct the long-short term memory network (LSTM) model. The hydro-meteorological
characteristics and runoff generation mechanism in the basin were analyzed using the LSTM model and compared with the
simulation results of the Xin’ anjiang model. The results indicate that the LSTM model and the Xin’ anjiang model perform
well in flood simulation in the Changzhao Reservoir Basin. The LSTM model has a higher qualification rate, and the relative
errors of the LSTM model in simulation of average runoff depth and peak flow are smaller, demonstrating a higher accuracy
of the LSTM model. Meanwhile, the Xin’ anjiang model has a relatively stable coefficient of determination and smaller peak
occurrence time difference. The LSTM model reduces the dependence of the model on human experience and can be used
for real-time flood forecasting with high precision requirements. The Xin’ anjiang model can explain the source of errors
based on the physical process expressed by parameters for some emergencies, and is more suitable for analysis of complex
scenarios such as extreme floods and explanation of physical processes.

Key words: the Changzhao Reservoir Basin; flood forecasting; Xin’ anjiang model; LSTM model; encoder-decoder
structure
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GBHM ( geomorphology-based hydrological model ) *
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Fig.1 Distributions of water system and telemetry

stations in the Changzhao Reservoir Basin
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Fig.2 Calculation flow of system differential response

parameter calibration method

W SR AT LIRS Y 1) BLAACT D i , A8 SC
BOE T PIRIECR M : O B bR i Bl s, BITE 2 ik
AR A R A 3 BB S DU 19 2 200 AR 8
(NSE) & T — e E (I S 805 1L kA0 @i E i
FIEAUECN 200, 24 2 AR B 1 fie Kk AR AL
IR A i 7, By 1R S BOEA RE h bE A SEE
W, SHECRE D, WA — SRR 1k F
WSk e IR M ARFR T

3 ERESW

3.1 LSTM #EEURHILE R

LSTM #55780 G ith g 11 it ih 25 B ek 2 B T 803 1%
BN 256, LIS R 3R aA e At B ey, (]
AR BON 25 A BAROK SCAE 55 1 i B 5, g
RS i o R B R 2D 053 B, AR B A 2 B 7K
5 it (0] 4 Bk s e 2 BT 1 5 T R 30 7K S e g D 5
JEIFRIEE 1, DA s S 3 A5 R AR A
Wisgmm R A ORISR A B A5 D s AR
ELFNATE: 55 A itk S, PR b AN 0022 SR F A 15 ] 4
NG bt 2S5 Ty s 65 e ol A% 0 D s A58 Ao
iRy e R FE Y R SCn & PR K RGN A
1042 SRS A8 FE T Gt s rh DR 0 ) AR R A SR T4
R T2 A0 2B A SR ) 20 AR T IO 3 51, A2 i)
iy AABLFE AR TR AT, AN S HT— 2P AR A
LSTM #5713z F AdamW A8 £k %5 X U1 25 309 £ 40 a2E 1 7
Ak, AddamW DL Ak i S AR R 4 2 2] RS L AR
R ST Ta] 3, i A i A B8 R FH e/ N e K
IH— A7 i T IH —fL AL BE, BT 8 S 50 7E 30 1R
WP T RS O A R e, A Gt A

<75 -



LR 12, i i de i 1) 2D B 5, 52 2] R 1x
107 dtbi /Ny 128, IENALZH0 13107, Il %k
FeUHh 200,

LSTM BERIEYN I i) P KBS SR N3 1 B
TN o RT3t oK G SR g e R T R AR AT 45 R 4 A
Xof 1 25 TEVF AT 15 2 (20% ) 905 Fl Y, D) 3237 ik 7K
ARG M, IR 1 Al LI LSTM #ER 1E
IR IR X IR 2208 2. 11% , ~F- 2 it e I
AR IRZEN 6. 67% BRI 7, & 46 A 1K 5
100%

F 1 LSTM A GH KGR
Table 1 Flood simulation results of LSTM model in

training period

QU 37 S % VR 3

e *%i%‘é"'h T R T Hfgh ‘ﬁfﬁ
RN g (miss) WE/ &
990830 117.0 4. 10 295 4.22 -3 0. 879
990616 75.6 0.27 264 9.90 1 0.988
980919 86.1 2. 16 505 8. 84 -1 0.957
980616 148.0 1.99 176 9.28 2 0.959
970817 258.0 3.20 1410 6.02 1 0.930
970707 164.0 1.80 237 5.58 -1 0.912
950422  212.0 3. 64 210 6.25 -1 0.961
941008 80.2 0.12 104 8.77 -2 0.972
940820 130.0 1.56 1190 3.48 -1 0.938
940608 332.0 1.19 314 4.27 -2 0.907
930629 165.0 2.37 286 1.04 -1 0.982
930501 91.5 0. 66 277 1.47 1 0. 980
920922 170.0 4.94 1510 7.36 0 0.955
920827 405.0 2.79 1160 13.70 1 0. 839
920701 135.0 1.46 310 3.73 -1 0.956
910415 62.2 0.16 177 3.80 0 0.979
900830 444.0 3.98 935 7.43 1 0.945
900818 48.2 3.21 173 17.23 -3 0. 886
890911 185.0 0.54 842 4.47 -1 0.941
890628 199.0 1.53 578 7.96 -2 0.931
880729 240.0 2.56 1400 5.26 -1 0.912
SEHE S 178.2 2.11 588 6.67 -0.6 0.939
Y VR BN 22 1 (FL 2 LW B 0) TS VAT, P e

U B 114745 SRS . R,

X LSTM #5578 76 I X 46 1 % 700 00 4 8 a0 47 9F
Aili, R I A 11 Stk AT I, oK B4 45
Rk 2, NFE2 DA I 11 kK
R B E T RO 0. 620~0. 951, SF 28 E Tk &
0 0. 823, LSTM AU 1) SRR I 7, G 4% Hik
F 100% ., M GB/T22482—2008 ( 7K 1% & 7 i
B | W 10 Tk 7K T i 445 S 3 1) Y 45 K TR O
RELR, BLAl, LSTM A58 70 Xof g B s 22 4 452 480 1
P A G, v AR D R A I 3t K DL/ B gk K
JBZ /N R BOK AR AR S R N AR
7 HEECR VT[] 55 e 7K AR LA 3 #04  PRI Xo)
YIEARIATE AR Y 2 2] el 45455 78I 3 B [ ) 2 3R 456 A

76 -

Z2, AT RLIE o B o I R 4 G R UK 37 YOk T BR
LSTM 80 I R GE iR %
&2 LSTM #BSK B K EBIFNITM 25 R
Table 2 Flood simulation results of LSTM model in

testing period

L BRI B ptig

weg PR g i e (PR R
AN g (miss) WE/ 5

040811 91.2 0.55 488 0.54 -3 0.951
050804 189.0 0.58 589 0.39 -2 0.735
050910 267.0 0.64 1980 0.07 -1 0. 894
060713 52.1 2.36 208 1. 14 -1 0.813
080729  78.3 2.89 372 0.77 -6 0. 853
090810 198.0 0. 65 1200 0.37 =2 0.817
150618  20.1 1.52 86 1.53 -1 0.879
150814  60.3 2.11 242 0.53 -2 0. 620
160625 138.0 0.93 560 0.28 -2 0. 842
160913 146.0 0.83 612 0.24 0 0.718
170609 323.0 0.46 454 0.71 -1 0.932
SEHE 142.4 1.23 618 0. 60 -1.9 0.823
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PrERE(C)N0.16,3R)Z HH/KEKERE(SM) N
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11. 61% , 2 WIR-S BE I I 2 A8 SR 8 4 dy, 0
PR 22 TC R Ge M 2 , -2 Ve RO 0. 913, 4K
WA RORBT, 2 WS EA AR, AT Tk
.,

FIH 2004—2017 4F 11 37t /K JE 4746 RUKG 56
GG AU KL 25 R UL 4, N 4 v LR, B
GYT AR ) - Y 72 TR AR R 220 7. 36% , F-
b i A X IR 220 18, 60% , S A% %N 90. 9%
IRF PP AEHE K iR 7 R EOK, BR T 150618 ¥Rk K
W P R ECR B LASE, At 3 Uk kAR 1 R A
KT 0. 83, P tE R EH 0. 829,
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Table 3 Flood simulation results of Xin’ anjiang model in

calibration period

WA I

v PR g v e (PR ERE
AN e (mss) R/ =

990830 111.0  9.02 365 18.51 -1 0.979
990616 69.9 7.29 315  7.51 0 0.975
980919  83.2  5.45 633  14.26 -1 0.981
980616 140.0 7.28 213 9.79 0 0.918
970817 266.0  6.40 1360  2.26 -2 0.972
970707 159.0  4.79 350  39.44 0 0.974
950422 215.0 2.27 243 8.48 -1 0. 368
941008 78.1 2.50 137  20.18 5 0.987
940820 141.0 10.20 1350  17.40 -2 0.945
940608 322.0 4.17 412 25.60 -1 0.979
930629 167.0 1.18 267 7.6l 0 0.688
930501  84.2 7.37 335  22.70 1 0.901
920022 174.0  7.41 1320  19.01 -2 0.969
920827 394.0 0.00 1020  0.00 -1 0.991
920701 135.0 1.46 317  1.55 1 0.982
910415 54.3 12.50 180  2.17 0 0.934
900830 446.0  4.45 1000  0.99 -1 0.991
900818  49.5 6.00 226  8.13 -1 0.973
890911 185.0 0.54 86  6.20 -1 0.992
890628 222.0 13.2 609  3.03 -2 0.947
880720 250.0  6.84 1450  9.02 -2 0.726
SFHME 178.6  5.73 617 11.61 -0.52 0.913
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Table 4 Flood simulation results of Xin’ anjiang model

in validation period

. RV BRI e

wey PO i vt i Hfgh Eﬁ;ﬁ
R/mm e (mise) R MR

040811 95.8 4.47 498 2.68 -1 0.970
050804 193.0 1.05 568 3.24 -1 0.989
050910 267.0 0.38 1850 7.04 -1 0.997
060713 58.3 14. 50 253 20. 50 +1 0. 837
080729 80.7 6.04 347 7.47 -1 0.971
090810 219.0 10. 11 1120 6.67 -2 0.933
150618 26.4 33.32 177  108.00 +14 -0. 450
150814 58.3 5.36 268 10. 30 -1 0.984
160625 146.0 5.04 633 12. 60 0 0.910
160913 146.0 0.69 659 7.33 -1 0.995
170609 324.0 0.00 536 18. 80 0 0.988
SEYE 147.3 7.36 628 18. 60 0.64 0.829
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Fig.3 Discharge processes of flood events of
150618 and 160913
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