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Application Research on Monthly Runoff
Prediction of the Huai River Based on VMD-LSTM

Zhijie Lu, Qi Wu

Hydrological bureau (Information Center) of Huaihe River Commission, Bengbu City, Anhui Province, China

Abstract: A combined model (VMD-LSTM) is constructed based on Variational Mode Decomposition (VMD)
and Long Short Term Memory Neural Network (LSTM) to address the problems of incomplete water resources
monitoring system, low accuracy of runoff prediction, and insufficient intelligence in water resources management
and allocation that cannot meet the requirements of the "Four Predictions" business application in the Huaihe
River Basin. In the application of this model for important section runoff prediction in the Wangjiaba and above
watershed of the Huai River, compared with the prediction results of BP and LSTM neural network models, there
is a significant improvement in the evaluation indicators of root mean square error (RRMSE), mean absolute error
(MMAE), and coefficient of certainty (DDC).This model can effectively address the non-stationary characteristics
of runoff sequences, learn long-term dependencies, improve monthly runoff prediction accuracy, and provide
scientific and intelligent decision support for watershed water resource management and allocation.

Keywords: Runoff prediction; Variational mode decomposition; Long Short Term Memory Neural Network

ULEER, VF2 3 BT SR WIS AR 514
FERZE AR RAVERAE, B TR 577

][/

1 5]

xR BRI H AR ESR,  MERTIE H
HIF TR A7 A2 K BRI AR R AN 83, TR i VL
A4, {5 BRI SRR A, KBRS
TRBCE BRERE, MEIER AL DT k55 R
iR 1]

A2 VAL TR A 7K R 73 TG P 7K B R A B
BER, RS R AR T B8 VR N i K B
g HEEE, MVEREAT SR E BRI 2] .

V2R E PP e B BRAR (3, 4. AARiERFS
AR RarE, Jd e — R AT A AR T
TS e, ASBETE 73 IR P B K AR 1 R A R AR
(6] A5 57 T LUK AR IR B PP 91 0 il D9 22 AN
ARSI, RS TR R e s S A il B
FIARAERFIE (6, 7)o {55 70 AR AEAR IR T 7] el
EARZRH, AR5 (813 T Bayes HELEFIE =
IMRRIEE VAR IR, SRR, (550

BHEWE: AFBEARFEHE (SKR-2022031, SKS-2022013, SKR-2022032).

BIREE: BB B, WTARZERSKIR (EBH0), TR,



E1E 1
202449 B

Volume 1, Issue 1
September, 2024

REAA e = TR A A P 3 B

KA WIHCIZAZ M4 (LSTM) FEJEIA 4 M
ZEIEAE b, BEIN T IR o, TR
AR PR B[] 3 470 o A 2 ) 2 FH 2805 [9] & #
PR 75 %5 [ 10 7E PU T ds8 5 T K R A 2 A 48 i 245
P H AR AU T Tk, 45 BRI KA
Fo 8 I 245 15 TR 6 143 Y 410 DR AL 1 400 B ks
o

RFETE K IAR R T R RS, & RLK ST
IR AR, WIS G T oS a4
T7iE, FIEEEE T VMD-LSTM 24 TR Y, 1%
TR 7 F -] T SR DA 3 S A T AR T
W, VMD F T s a2 e o1, LSTM A] LA 42
TIRARIKIAKIOC R, 5B T a3 N [
T e A2 3L TOO PR o

2 T VMD-LSTM By B 125 Fml 45 8y
2.1 BRESH R

Dragomiretskiy ZE[11J42H TS
fig (VMDD, AR RS AN AR 7V e K S
o RN Z A AR R o &

VMD K4 AELRAE ST B A ()N A&7 5
ARSIy O A /RAR R &0 & A ()
FHN TS ST IR QIREBESE A (1)
BT R A % R A (VAT
W, 195

j} (1)

sty h =f (2)

K, A RE r ABESREG 22 5B RE
BRI g (t)#& Dirac 730Af, AE M L
S R ORI R IR . ST A1 T
VMD Z3 i VEAR BT 5 7 7
2.2 KIEHAICIZHE L%

KA HCIZ A A N 2% (LSTM) FEJEHA 2R
25 I BA B T TR R (12, 13], H
B XG0 2 WX 28 70 HA KRR OC R 1IN (8]
FIFIEI _E i) AT T . SRR X 25 4
o, 30N T NS AR, TORERKEEE R, %
SR SRR R, BERAEE, $Rmpad
REMIRR . —~ LSTM BT HB =] A ST

{lg%g}{z “at [(g(t) +j/ m‘)hr (t)]e‘jzr’

LAV T O, Horb T EER N2 7
ANBEIRZ, 0 EF% R Iuh 2 SN — 5
TG, Fo RoR2 B RZ B oo 7 S5 BT A
Corn Coz 73 HIART— BITHMA BT R BARES,
o N sigmoid pR#TL. LSTM HycgsEi W 1.

A V.e¢
Ct.1 g

©

EBE PABH Hii:

‘I == E‘l]
RS u
;

Heq [ )

B 1. LSTMAERA ¥ T2 B

2.3 VMD-LSTM B i = 8!

TGRSO AL EER 2, MBEWRITE
FSCH 1T T = AR L A 52 2 SR 25, B
— R K TR AIME N LSTM AR #1400 &% 5
AN, RMEA B RGO, Kk, it
El5 TR SME N L 7, T VMD-LST™
(PIEH G AR o AR R R AR 00 IO 20 8 -

1) FH VD ¥ H&EmFEY N2 T
Hls

2) Mo R IE I 2 AT P AT I3 — b B

3) BREN: BANTFFAIET 1A (12 A
) .

4 BRlEEH: T MNHMBERE.

AR A N B R s

input = [Sl(t—IZ,t)’Sz(t—lLt)’"”Sn(t—lZ,t)7R(t—12,t):| (3)

output =L, (4)

X, 0125 LA ARRIT .

AP LRI P N B TBON LSTM A 8911 2,
HEATT,  FRRE WL 2 B .
2.4 ERTMN IR

KA OKSCIERTRATEY [14] H 3577 5%
7 (RRMSE). P25tz (MAE) KHfEtE &R
% (DDC) ARV FEFR, X VMD-LSTM 41 &4
(1) PN RS P52 24T PEAG

1M6E=J%§]M—yﬁz (5)



GENS: BT VMD-LSTM vty b H 42 150 B2 HI 9F 72
Zhijie Lu, et al.: Application Research on Monthly Runoff Prediction of the Huai River Based on VMD-LSTM

1 N
AME:ﬁ;M—%| (6)
pe =12l =0] -
zi=1[y0 _y]

Kby 7 NZIMBARTRE: 7o)y 1 1)
KRR E; v NIRRT SIEE.

SR AR P FIL

'

VMDZ3 i
Il
! ! ' y

TS, TIPS, TFPAIS, R

| |
I

3l ab B

'

A

v

LST™M

v

BINETFHILSTM
R T 25 2R

'

At B £ TR £

B 2. VMD-LSTM 4% & % 42 )
3 i
3.1 H#RER

MR I BTl DY G S b s P N/ 1 v =1 0
T E LA 324 F B b 1E R vl it
1T B AR TR S AT 7T, A AR 358 40 53l Ry e ] 1
TR ERIE, EIRSORUOR YE G ul, T
A SBT3k o 3 RUBERE R B1R FH 198072020
FEIA924N S H AR BERE, BRI SRR %k
AI350 A2, HARME MRS . HEvAT Lyt 55
paiil/ N ER
3.2 RFFH] VMD 5 f&

JHEE VMD-LSTM #5841l G e F i 6k
%, FIHABSRS AR (VMD) k%t AR E
FPHAT 0, 7o IR BT HIHE R R ARRAE . 5T H
RIREF TR S0, THE VMD BEH r.
I Z RIS, K VMD 2R ZHORT 8 i,

Uk
1 omm G o T NEFS
T, £ s
\// il 7 iy —
i 10190kp] 2 ety =4
2 gt
i e S e i
il
2 B
0 25 50 100 T% AL E
( 2058km? )

B 3. YT _E 3 R A 1

DR TR B BRSNS, RIS RS G R
Ko @E15], BRmikE =8, Rl VMD
IrfiEH 1980-2020 4E H R F A RN 9 A TR
WM T
3.3 WHRERGER

TR PR (R0 e T e 36 e 2 M A Ik T A 2
(LRI 2, ST 12 A H R F S E R 3
BN, RIS TR, AR G A
[ B 3 L5 /K ST AT 6 AN B AR A & X (0] 7
TN =S F TN, FEER— 3. Xt
VMD 53 R4 B 7 510 3 T3 G 37 A 28 D 28 A Y
e JE 7E 2 0 ST Ff e i 173 21 F 4% == 7
DIE

FEAF [ (0 RO AR T e 43 . — o 22 o) ¢ A5 2
(BP. LSTM) A1 VMD-LSTM #H &R A4 3E47%F
Lo, FIAHIZREE BRI SRR, A4
IGUFAREAY, S [RIASE AR fr D 4 T £ SR LT 4

100

0 ER R

|~ VMD-LST™M

—LsT™V

— BP

— SKIEN
|- VMD-LST™M

— LST™M




F1E5 E 1M Volume 1, Issue 1

2024498 September, 2024
“ e R €] 5 0 AT, B I 2% A (BP
D LSTM) 42 & A4 />, VMD-LSTM 414
- BT AR RS P e 45°4k0hil, et
SEME

100

0 20 40 60 80 100 120 140

8 = .
Rk [Epe— z . ‘
7 [ VMD-LSTM™ 20 . o, . .
. —LST™M 30 N _;.'!3 i t’ Ak, ’
L sp aorgh
-

B 5 UM TN 5 s A A2 s

AT T, B — A P AR AL 1, LSTM
1 4 HERT L 4 SR B R S M 4 L fLLT BP MG RAFHINARCR: BTESH

PR WAL AU RE S5 B A 30 91 O
e | AFIBURISITZETA, WOLSDE -y oy g 0 00 A . 0 B 9 0 L

0 20 40 60 80 100 120 140

AUERVBHIIL T B LT BB EET yMD-LST™ 416 BB I R 5 e
VRN LI SHIT, SR PIR RS, (UMD RS TI (LSTND (TUE (b

*Htt, ﬁé%i”ﬁiip\[“ﬁ%%’iiim“ﬁ%%?ué\gﬂ%ﬁ}0 ﬁﬁ fm:‘:ljEﬁEﬁtﬂ:$#$$g§:|ﬂ]é§$ﬁﬂB‘]}ﬁm“‘r&ﬁé*ﬂﬁt
PLLEBRARE I S0 RS, WK gy apspe f e @ RO R OB 585

BT AT A e SR = TS B, (R 5%,
s VD NIRRT A, e T H
T TR (45 P 4 i
13 ABRELTENSS RGN L AT HREA BRI E, BR0R A%
%207 &1 3] WP AR R SRS B, AWM TET
B R s VMD-LSTM [ 4H & FUAR Y, I B FH TR £ 530

Reys Myy Dpc Rrys Mua Dope

DA 8 B W AR AT S 45 L A58 W

BP 5.63 263 079 6.05 293  0.76

(D XF AR AR LR E,

BE LSTM 452 218 086 491 234 08y g AR TR RN Z TS, AR
VMD-LST 349 196 090 378 205 0.89 B NPRAE T A A O R

BP 553 259 081 602 287 077 (2) VMD-LSTM & PR AL o5 - H— A 7Y

RE B U MO U 21 R R 1, ELOT TP B AL 1)

FUA 58 R o A SCK; VMD-LSTM #5547 FH -]

E5E @11V Wl e A 2R3 TR b /16U P SRS 28

BP 5.57 2.53 0.82 5.82 2.77 0.78 _B@ BP. LSTM 1:;%@%%@?%%%— E]/‘J*%E, ﬂiﬂéfﬁﬁ

i) LSTM 441 210 089 476 226 086  W[f—PNHB| WA H. FEARRER

VMD-LST 339 188 093 368 195 092  ACUTHIM, 9UEREASIR ISR M 1 — R ik

;}X
BP 5.67 266 078  6.07 296  0.75 Fo

F5xM LSTM 4.47 2,15  0.88 488 231 085

VMD-LST 3.46 193 092 3.5 202 091

1| LSTM 456 212 085 493 235 083 ﬁiﬁﬂl

VMD-LST 3.52 198 0.89  3.80 2.06 0.88

ARSI FE T AR AT 2 KA & ORI H
o4



GENS: BT VMD-LSTM vty b H 42 150 B2 HI 9F 72
Zhijie Lu, et al.: Application Research on Monthly Runoff Prediction of the Huai River Based on VMD-LSTM

(SKR-2022031, SKS-2022013, SKR-2022032) ]
SCRF, EIRE !

SECHER

(1]

(2]

(3]

(6]

(7]

(8]

FYLIRES X B %5 B0 2R A R By vt DU T R 5
FKEEHAR[I]KFNE B1£,2023,(06):1-4+31.

AT, R R R K BRI SR R S 400
[1].3A1£,2023,(09):4-6+9.

ZR RIS R 7K SCFP 1 A — S0P A A5 R 1 93 Yt
FTEAI 5T [ 7). 7K F) 541,2021,52(07):807-818.

WP MR A B AR IR AR — B AR AR I 5 1Y
IR SCARZE T T R (9], B OR 22 2R (24 hi), 2008,
(06):6-9+15.

AT ¥t B0 DR Sl R R ik K TR o 1) S P B R S e
[T AR 5 R, 2018,14(17):275-277.

sk UL I, A2 S I P SO, S5 TH ) EMD AR AR I o
M5 3 EE R [0). mE K B R S KRR, 2017,
15(01):60-66+166.

PNEI R 2= R A R4, 5 5 VMD-SSA-LSTM I H
A T T A Y e B [, 7K B RE IR B 52,2022,40(05):
18-21.

ARGR 3 M0, 7k SOV, 56 LT DU HTHESE /) LS-SVM. ik

Copyright © 2024 by author(s) and Global Science Publishing Inc.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

HAR I TOUARASE BLATE 5 [J]. 7K 77 K L 2% 4,2010,29(05):
178-182.

W) JELBE, G G R R AE 0, 5 A A2 I 3t 7 rh AR
TR R 2 (3], K A A R (A AR, 2021,
54(01):21-27.

BAPRTT, B 30, ok, 4 DU IR a2 Bl 1 A2V Tl
[ty LSTM AR08 5[] H 2R 573U 2 ,2020,39(4):
636-642.

DRAGOMIRETSKIY K,ZOSSO D. Variational Mode
Decomposition[J]. IEEE Transactions Signal
Processing,2014,62(3):531-544.

PNV R AP A8, % DFA_ VMD_LSTM H& H%
T TR B AT [J]. 7K FR R YRR 2#,2021,39(03): 12-15.
HOCHREITER S, SCHMIDHUBER JURGEN. Long

on

short-term memory[J].
1735-1780.
FRFFRIK ST K S PR FITE: GB/T22482-2008[S].
Jb 3 v [ AR Y hiA:,2008.

4, X, TN, 2 VMD-SWT B & BIE1E S AT s
W B2 D] B 70 & G R A 3 4k 4R ,2020,
32(05):55-61.

Neural computation,1997,9(8):

This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http:

creativecommons.org/licenses/by/4.0,

5


http://creativecommons.org/licenses/by/4.0/

