ERREY R
202549 H

Koo fE

Water Resources and Power

Vol. 43 No. 9
Sep. 2025

DOI:10. 20040/j. cnki. 1000-7709. 2025, 20242186

ET“MIt—AHE—IBIE" R A 2R NAREIH R

IHYLFEMN ERE VKEEL T BLKEMR

(1. VI TR XOK TREA SR 2 H iS00 %, B P4 710048;
2. v [ v e B A B B S B AT S e A BR A WAL RIRT ST B . M Bt FH 5500000

WE: AMEEEREBRAFIN AL —TAMNBERL TN Z FHOTANAFETHEFM, £ TR0 "E A e K
b RBT AR As 5 EVAEA M R %, B 82 DNN.SVM,LSTM, TCN.GBRT 5 # ## ,
# 3 7 AT EMD.CEEMDAN.VMD # 15 #4848 A0, Jf A5 A B 4740 3% 5 30 R W4 ik ok o BE A 4E 5 K mhagt
AL AR LSRN LR BFLE AN E BRI, A SR KRG A 3444 A 4
KM IR A B A2, it — F R SBEA M AF B R W 2 5 R TR AT R AR B 5 e UL R B B SE X
HRY., EREAN, S ERF M EGASHBEA L E —BAH L TN AFE, ST AL 4% 45 & AR a9 48
SLRFHEAZR S, BAREGCERRKRGBEAELS T @R TASGHER , AL EBRREMEMAS AR Lk

—FREGT AN,

KBEWR: 55 BATNM; KEMGE; HAKR; 2 ERIMN

hESERS: TVI2] XEPRERL: A

1 35l

T

Z A AL PRBE Y 5 0 L 30 A0 A O R v 2 B
A £k A - B A R AIE L 3 ol 5 K S T N S 45
INAE A, TEX AT ST AL G K SCTRIN ik T
i — s BR AR . AT AT Sk L 2 > R R
T T e, R 6 DA BN 2 e LA L C TR
WA 5 A2 B A, 2 T AR T
IS B A5 L SR L AL B o ) A A Y T
0 PE BE 7 BT i A SO0 IR RURRIE . ML (5 S
I IRHEARANE I — AT BARR T o6, %A
A 3 4 B AN [ RO OB R A 48 s 2 B R T A
I B U Z2 A (A0 R A £ B L DT 482 v 9 0 A
R B R AT AR MEDY L dngk b AR R
VMD-TCN #4550, G844 25 F A% Al F Fa 42 i )7
B 1Ry 5 T, 45 5 3¢ B 2B L 7E AS ] 950 00 3 T Y
TUPRS B 3 T LA B R . SR, B — T A TR 2% 5
Z 5[ BB E BRI TR B LA I 2l S
BB AR5 ), DT S B TOORS BE R R, R T
7 AR 8 S R L 22 4 0 2 A Rk 4R T 0 A
M RO B . B A S e DL B R S )
T R R (3 T 45 SRR AT AL AT AR

WS BHEE: 2024-10-21 .18 E B HA: 2024-12-04

NEHS: 1000-7709(2025)09-0001-05

OISR ) A P L A TN 4R 5948 I
i A T T B T T 1 A R e o AT A PR
T R AT 2R T e O 22 . 0 S AR TR
AR BP Pl 2 W 46 % 42 I B L 4R 5 R T
IR ] FBEHE SRR M AR AT 1B IE , 158 T e/ —
e 15 B IR AT B 45 R AT R A SR R B IR
BRI A RO 4 M0 AR SCHR I T — A
e — 415 — B 1E 7 BB RLAL F SR, I DU ] 5
e Bl DU 30PE EL 3 DAy 18] 36 T B Y ) A
RO il AR 5 DL BE A 2 T K SCAR TR T
HOE RN C B N O 2 L R L il ]
Ay A B B SR B  OT k

2 MRAE

21 REFEHAR

R o AR IR B B R LA 2% Y 1R S ) P R
Tl — PO BT A AT A — R S i
A S S ER 1 TR 3 i e N I
e — A — B IR SR R DR e R N 2 Bl
B R v R AT ) O, 8 45 1 A A AN [ I R T T
f LR R AL BY L 5 A 312 v Jm 2k 4 5 R A9 0
P 21 A R AR 7R 0L B JL AP SE R AR Y RN T

EHER N TFE 999, 5 LB 5T A 5T 5 10 S T R4S B K SCK R . E-mail : 1759140254 @ qq. com



e 2 . K H BB

BB

2025 4

[ BRI RN A R B2 A e ST R L R
RTINS0 =2 ) ) 2 A AR R R B FERE
IR AL [ B Bk R [R) B 25 5 4% B R R 3
16 TF S 46 76 4 & A5 0 11 Sk iy b, ) o 0 K 4 17 T
DB 55 S 2 Ta] %) [0 U5 e A I 000 25
22 SB—TNREHE

A A3 i — TR AR L 3 R R I AR S 4
fit (EMD) | [ i N M 75 58 25 45 & & 1 8L 28 47
(CEEMDAN) FlAE 70 #5135 43 fift (VMD) = Fhi 5 5
O3 7 Herp VMID S —Fh [ 3E 1 L 5 4 Al
(4055 5 A B 5 3% o 1 3 A S S 40 i 1 A 4 3
I A AP HESLAE EMD 36 al [ X 428 3 7 B itk A7 1%
AL, 3 D 185 5 1R & 7] s CEEMDAN J& 7F %
i EEMD J&ah L 51 AT A b N e F 2 R 5y
fiff , 388 32 AE B AR AR 5 TP 22 YA AN [R] Y R 7, A A
BE S ARG 2 REI R 5 L BRF 5
Hh ) I R

I A AR o 56 R E e 8 X 245 (DNIND) | 3 4 ]
HALSVM) K 5 W iE 42 W 45 (LSTM) | B i 42
FHEEA (GBRTO™ (1 [A] AU 2% (TCND , Mo
DNN" 38 i 22 2 4 28 00 314 42, filE A B K RILASE (4 755
HEROHE  SVME Y I GE A F/NREA Bt db B, — 2%
O Il R | 2 R R N R S
LSTM" 51T 4i bR 25 9 Mk & FH R i 1715 5L
FE f% B 47 b Ak B 0 BN L 4 BRI AR O R
B EE 4R T 19 U9 B (GBRT) 3 3 22 4 vl 55 1) 4
B - 7% A 45 TH AR R B TS s TONS™ I 3 5 4
TR AR T A% G2 1 338 VA 25 44, A 3R P 25040 o )
3 T B R e T A G R R 0 S i K SOF
B, ik SBRER B A 2 R R B RN L BE S A S
PR B B R AR Z RS e TS SR
155 o i T IR AR ZE G o A s 2 B - Ay il — S
R g H R T A O T L Ay J 6 1 1 A 7R 4t 44t
TS
23 EFMLPHERASER

SR FHARSE AR 20 45 J7 125 e D050 ik i 455 780 1 0 34, 42
o e e () s A T SR A AR 1 B 2 P A L
B XU o DR I L A5 TR i B TR B AL A T k. R
SCYE 2 2 BAHL CMLP) A Sy 21 4455780 1 B 3
MLP- 2 — B A T 28 W 45, H 25 0 40 35 B A
B REE R R, B2 MM ocE e 2
oy RER T — 2, 848 85 MR A AL
&L AR AR A E A, RO RN R R
P22 T30 3 S PRI T AR et AR . AR TR
PEZL A MLP 2145 B 70 R 0% 47 $2 3 Al A5 78 v 1) 52
ZAR MR IS A 2 MR R m A A

A A G R TR
24 ETERN_FENREBIE

SRR — 20 B v UG R o R S ] R 25 Ty
A TE AR Y 000 45 2R . it B T d /s e
2 of A BB A PRI AR S B S L R S
{22 ) 4 5% 22 A Ay TR 7228 ko DT ) 28 A5 8 ) 50 0
BOR ., HAPBRWT,

BB bRk E. M.

6=y, —y, (D

Khroe, HERZEIFHN; y, .y, 4000 0 520 5 51 | T
Wy 51

FR®2 dkEBEIrf, .

e. =B+ Py, e (2)
b, Bo B BT R E e HBEALER 2, I A
EASH N~0,67),

]R3 ORI R ] R/ ARk
B 5 2B E ALY G Gk X AR 2 8 TE R Y 1 45 2K bR
BOHEAT S/ ISR e RIS 453 2K oK BOR i 5 50, 14
T R T2, nI A5 20 B R 5B, B WA ITHE,
2R BRI HICR 55 2548 TR AR B B 22 1 7 O AL 1D

Riuss(Bosf) = D (e, — By —Biy)E (3)

T]RA HRREBIETR.,
]S MR EE M. .
g, =y —e, (4)
Krh. g HEIEFS.

3 LR

31 MREREREZRFR

DAYH 0] it J2 A B 7K Sl A DUV g 07 /K S
it SRy 9] 368 3k A A A [] 3L B 7K SC 3t ok 6 IE T 1k 3R
WA AT AT, R 1970 4F 1 A ~2018 4F 12 H
I 49 R H ARG . AR 8+ 1 1 &
ASRYIEE R S v SR IR SO S R S o <R
MK & ¥ K 50 oF 47 # %5 o Fr. R H MK 2 5
Pettite K5 M3 « K047 R AL 0B, 45 R DL 3%
Lo Hi 1 Al K SO FUAFAE AR SRR AR AE

R1 KXFINEESTEREARBLER

Tab.1 Hydrological sequence trend analysis and

change point detection results
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Tab.2 Model performance evaluation metrics of different decomposition algorithms during the testing periods
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Tab.3 Performance evaluation of the combined model

during the training and testing periods
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Tab. 4 Residual correction equation
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Tab.5 Performance evaluation metrics of correction

models and single models during the testing periods

7J( )‘C ﬁlﬁ *ﬁ Eﬂ N NSE N NRMSE MMAI’E P PPTS
£ H  VMD-SVM 0.912 0.285 29.81  6.72
VMD-LSTM 0. 895 0. 310 28.27  8.08
VMD-DNN 0. 886 0.323 29.66 13.02
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Fig. 2 Line and scatter plot of measured and predicted

monthly average flow of multiple models
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Fig.3 Multi-model observed and predicted runoff scatter plot
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Monthly Runoff Prediction Based on Selection-Combination-Correction Strategy
WANG Xu-peng', LUO Jun-gang' , DONG Hong-tao' , ZHANG Shang-yao®,
WAN Yong', ZHANG Qing-yang'

(1. State Key Laboratory of Water Engineering Ecology and Environment in Arid Area, Xian University of

Technology, Xian 710048, China; 2. Planning Research Institute, PowerChina Guiyang

Engineering Corporation Limited, Guiyang 550000, China)

Abstract: To solve the problem of decreasing prediction accuracy caused by nonlinear runoff sequence and instability

of single prediction model. this paper proposes a "selection-combination-correction" modeling strategy based on the "de-
composition-prediction” model. Firstly, five models including DNN, SVM, LSTM, TCN, and GBRT are used to estab-
lish 15 coupled models based on EMD, CEEMDAN, and VMD, and the models are selected. Then, the selected model is

used as the base model, and the predicted results of each period of the base model are processed and input into a multi-lay-

er perceptron to construct a new combination model. A residual correction equation is constructed for the test period of

the combination model to further improve the prediction accuracy. Finally, the method is applied to the test studies of

Huaxian Station in Weihe River Basin and Yangxian Station in Hanjiang River Basin. The results show that the combina-

tion model constructed by the multi-layer perceptron has higher prediction accuracy than the single model, and can in-

tegrate the advantages of other models to improve the model's generalization ability. The model with residual correction

technology is superior to the combination model in all aspects, especially in the fitting of peak discharge, further impro-

ving the prediction accuracy.

Key words: signal decomposition;runoff prediction;residual correction; model optimization; multilayer perceptron





