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Daily runoff prediction based on WPT-IDBO-RELM and WPT-IDMO-RELM models//LI Ju', CUI Dongwen’
(1. College of Urban Construction, Yunnan Open University, Kunming 650500, China; 2. Wenshan Water Bureau of
Yunnan Province, Wenshan 663000, China)

Abstract: To improve the accuracy of daily runoff time series prediction and improve the prediction performance of the
regularized extreme learning machine ( RELM ), the optimization performance of the improved dung beetle optimization
(IDBO) algorithm and improved dwarf mongoose optimization ( IDMO) algorithm was compared and verified, and the
WPT-IDBO-RELM and WPT-IDMO-RELM models for daily runoff time series prediction were proposed based on wavelet
packet transform ( WPT). The daily inflows of the Mudihe Reservoir and Malutang Power Station in Yunnan Province were
predicted. The results show that the average absolute percentage errors of the WPT-IDBO-RELM and WPT-IDMO-RELM
models in predicting daily runoff for the Mudihe Reservoir are 1. 048% and 1. 015%, respectively, and 1. 493% and
1.478% for Malutang Power Station, which are better than other comparative models. The optimization performance of the
IDBO and IDMO algorithms on standard test functions and instance objective functions is better than that of comparative
algorithms. The better the optimization performance of the IDBO and IDMO algorithms, the better the hyperparameters of
the RELM, and the higher the prediction accuracy of the WPT-IDBO-RELM and WPT-IDMO-RELM models. WPT can
decompose the daily runoff series into subseries components that have stronger regularity and are fewer in number,
significantly reducing model complexity and computational scale while improving prediction accuracy.

Key words: daily runoff prediction; regularized exireme learning machine; improved dung beetle optimization algorithm

improved dwarf mongoose optimization algorithm; wavelet packet transform
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% pmo 1.31x1072 3.966 4.327 1.797 3.662 0.9930 0.9836 1.46x1072 137.023 62.178 1.034 1.275 0.9600 0.9518
;i‘; GWO 4.74x107° 1.549 1.558 0.664 1.238 0.9991 0.9981 8.86x10™> 55.473 46.797 0.573 0.701 0.9884 0.9865
M CSA  6.10x107° 1.878 1.983 0.832 1.570 0.9984 0.9970 8.59x107> 58.504 47.345 0.615 0.741 0.9860 0.9846
3 WOA 1.09x1072 3.346 3.430 1.499 2.758 0.9948 0.9909 1.19x1072 109.415 55.167 0.848 1.041 0.9723 0.9670
SSA  6.36x107° 1.939 2.065 0.864 1.634 0.9983 0.9967 8.13x10™> 56.782 47.168 0.590 0.714 0.9875 0.9859
HHO 3.99x107* 1.450 1.280 0.610 0.950 0.9992 0.9990 7.98x10™> 55.528 46.532 0.578 0.693 0.9880 0.9868
SO 4.68x107° 1.573 1.391 0.666 1.008 0.9990 0.9989 7.97x107° 55.693 46.681 0.578 0.695 0.9881 0.9868
x4 BHERMMERTEE
. BRI o Y L
o ] PR S P POERBC TPWgxITEsS T PSEL
WiR%/% E/(m'/s) i iR%/%  22/(mi/s) HH
1 WPT-IDBO-RELM 1. 048 0. 047 0.9997 1.493 1. 068 0.9990
2 WPT-IDMO-RELM 1.015 0. 046 0.9998 1.478 1.051 0.9991
3 WPT-DBO-RELM 1.162 0. 056 0.9995 1.570 1. 166 0.9987
4 WPT-DMO-RELM 6.994 0.367 0.9781 5.894 4.797 0.9724
5 WPT-GWO-RELM 2.765 0.126 0.9973 1.755 1. 420 0.9982
6 WPT-CSA-RELM 2.984 0. 150 0.9957 2.500 2.046 0.9963
7 WPT-WOA-RELM 4. 346 0.203 0.9928 4.985 3.913 0.9870
8 WPT-SSA-RELM 3.028 0.142 0.9965 2.032 1.623 0.9977
9 WPT-HHO-RELM 1.176 0. 054 0.9994 1.512 1. 085 0.9989
10 WPT-SO-RELM 1.101 0.051 0.9995 1.514 1. 089 0.9988
11 WPT-IDBO-BP 5.432 0.277 0.9813 2.192 1.982 0.9951
12 WPT-IDMO-BP 5.234 0.273 0.9837 2.154 1. 838 0.996 5
13 WPT-RELM 11.920 0.599 0.9425 10. 450 8. 060 0.9481
14 IDBO-RELM 15.312 0.923 0.7697 16. 857 13. 031 0.8224
15 IDMO-RELM 15.279 0.931 0.7672 17. 386 13. 351 0.8258
16 DBO-RELM 16. 054 0.970 0.7589 18. 646 14.439 0.8080
17 DMO-RELM 16. 399 1.019 0.7193 19. 440 15.632 0.7790

H A T T30 9 P-4 48 %0 1 O3 L1 22 A Y 3~ 10 47
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75.89% 65.39% .10. 88% 4. 81% , %F b JEE 3i# ef 338 H
& ik T B P 3 2 N E A R 22 Al AR e T
4.90% . 74.67% . 14.93% . 40.28% . 70.05% .
26.53% .1.26% .1.39% , % W] IDMO . IDBO & ¥ %
RELM S H AR ZE T H A Bk

c. 5 WPT-RELM BB AH Lt , 13 0 250 SR o 22 1Y
TR 4 XS TR ZK 2 H AR 3t T 1 S 40 4 X6 7 3 L
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PiF BP £ 45,

£, SRR 3 R EE B 1 X R K | L R
FEL 3 1 S 48] 8 T S0 1) - 281 266 560 1 LR 2540
RS T 9.81% 4. 90% , #EFH R IF A+ 40 1 2,
HIFE T DBO Fk HA B AL EGE , MAnifE
2 o ORI S 05135 07 B R 5045 L W] AR B 3R E ; 5
AR 4 AH LG A58 2 S5 T K 2 | R 3 FL 3 A
S H AR TN )-SR 4 X6 E A bR 22 A3 4
85.49% \74. 92% , FJF P AE T Tt S W Am i ] 1K pR
B, 02 S H AR pR B, DMO 503 19 05 B S R SR
YR A2, AT, X T8 4E Y RELM 8 S 800
b, B AL R B T EE R X,

3.4 AEILHIIE

A B E WPT-IDBO-RELM , WPT-IDMO-RELM
AU ] T U, $0 F) 0 13 7, A1) FH R 2 I TRl K P |
HREEE T 2 H B ET 3 H A H AR T 1
W, IR 45 060 5 43 FUiR 25 HeiE RECHAH5 %
( TIUDNAE X 15 22 46 XHE /N T 20% R 54 ) X A Al
BTV G5 SR 5,

M 5 7] DLF 1, WPT-IDBO-RELM F1 WPT-
IDMO-RELM A7 5o 352 Ji V] 7K J3E | b JEE i H 3l 8 i
2 H A HAR I 000 04 SF- 5 4 00 B 43 iR 22 D E
RBOME R Z S WIAE 5. 950% ~ 7. 111% 92, 5% ~
93.5% .0.9733~0. 988 1 Z ], ik 3| /K 3C H 4% i 41
R RE BB AT 3 H A H 22 3 T i -3 45 X% B 43 e
WE, B E RE R B TE 15, 958% ~
17.809% .65. 0% ~ 72. 0% 0. 8120~ 0. 889 6 = [f],
KBRS LR FARAGEE . A WL, WPT-IDBO-RELM |

WPT-IDMO-RELM #5781 X5} A [w] (1) 7 UL 30 () A EL A
A8 vy T TR o000 15 22 e Fou 00 B A R I R O
3.5 RUEATEEIE

T H AR AR IR AR, S PPAk AR 2 Fo i 1 7, )
] WPT-IDBO-RELM , WPT-IDMO-RELM 45 %Y X} 52
BTI (5—10 A ) AJFE B A&7 3500 ( [R]RE 2k He
I H AR B 1 80% VE NI ZR4E , 4% 20%
FER T 4E ), 45 3 % B WPT-IDBO-RELM , WPT-
IDMO-RELM B X6} 25 Ji ] 7K 28 | B 8 % Fi o YR
AJE H A T 0 B - 24 26 0 4y iR 22 D R AL
J3TE 0. 602% ~0. 867% .0.9997~0.999 8 Z [&] , &
&340 100% , 35 2 7K SCH SRR B, AT T 5
) PN E
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a. XFT 6 AR R BURT 4 A S0 H bR eR B
IDBO . IDMO B35 5 S F LR B0 T Hoax 8 Fh
S B T AR AR U0 B RN S i Y Bk i Ry
W ABRE 1, & BIFE DBO 53k H 5] A Chebyshev 1R
WIS |84 0E 5% A B A B R BOR W, BB AT A5tk
DBO Bk FL e J1 & 48 1 ; 75 DMO H 5] A%
B UG TS R RE AR SRR A2 S A PR
BEHIIR, BEA AR B DMO 538k (B S fig
JIFEHETERE

b. WPT-IDBO-RELM #l WPT-IDMO-RELM #
XTI /K 2 | R 30 F sy 8 A 1 0 0 4 R 3
P F AT L AR Y | ELA TO0I0RS B g | TSR AR ) |
SEFME S AR R

¢. WPT-IDBO-RELM Al WPT-IDMO-RELM #5 %I
XFSEBIRERT 2 H RT3 H A H AR5 R 55k

x5 HERARBRUSABRNER

B . R K I Ry H v
LS R/ % GRA/ % DUERE TPIEIIE IR % BARR/ % e RAL
2 1 WPT-IDBO-RELM 6. 090 93.5 0.9874 7.111 92.5 0.9773
WPT-IDMO-RELM 5.950 93.5 0.9881 7.059 92.5 0.9733
i3 WPT-IDBO-RELM 16. 498 69.2 0.8804 16.767 66. 4 0.8188
WPT-IDMO-RELM 15.958 72.0 0.8896 17. 809 65.0 0.8120
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