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Water level forecasting method for the Yongjiang River Estuary based on
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Abstract: To address the challenge of achieving high accuracy in tidal level forecasting along the tidal reach of the Yongjiang River
Estuary, this study introduces a hybrid model ( VMD-LSTM hybrid model) that integrates classical harmonic analysis ( T_TIDE) ,
variational mode decomposition ( VMD) , and long short-term memory network (LSTM). The VMD-LSTM hybrid model utilizes the T_
TIDE package to obtain the hourly water level data of the estuary. The tide-simulated water levels are calculated, and the corresponding
residual water levels are derived by subtracting tidal levels from the measured data at each station. The VMD model is employed to
decompose the residual water levels into 13 Intrinsic Mode Functions (IMFs) , specifically IMF, through IMF,,, which correspond to
the DO to D12 tidal species in sequence. LSTM-based regression is performed on each IMF component and tide level of the residual
water levels for step-by-step prediction over a forecast horizon ranging from 12 to 48 hours. The sum of the predicted values of each IMF
component and tide level is the predicted value of the estuarine water level. The results showed that: the VMD model can completely

separate the DO to D12 tidal constituent fluctuations in the residual water level for the Yongjiang River Estuary; the root mean square

BE4TH. HEHESYEITRIE (2023YFC3008100) ; #ivL44 KRR B A3 H (RA2202)

1EEBN . BEKE( 1976—) B #H ¥z S s R LI R K BRI ST E-mail ; ypchen@ hhu. edu. c¢n

BIEEE: EHF(2001—) 3B BRI, BN DK ) 1 AR RFSY . E-mail : 2466598292@ qq. com

SIAARSL . BRokOV i, B, 45, 5T 9840 BT & VMD-LSTM 1R -G B8 (1 7 VT30 H K AL Bl 75 25 [ J]. V0 K22 44 ( AR E IR
2025,53(2) :1-10.
CHEN Yongping, HAN Tao,QIU Chao, et al. Water level forecastiong method for the Yongjiang River Estuary based on harmonic analysis
and VMD-LSTM hybrid model[ J]. Journal of Hohai University( Natural Sciences) ,2025,53(2) ;1-10.



) IR PR S SO RS w53

error (RMSE) of the VMD-LSTM hybrid model for short-term water level forecasting at 12 hours, 24 hours, 36 hours, and 48 hours
was reduced by at most 0. 15, 0. 13, 0. 16, and 0. 16 m, respectively, compared to the LSTM model. In addition, the hybrid model of
VMD-LSTM demonstrates the most significant capability for error correction in the DO and D2 tidal bands. Compared to the LSTM
model, this approach can reduce the spectral peak prediction errors of these tidal bands by up to 0.05, 0.04 m - d*° | respectively.
Key words: the Yongjiang River Esturay; estuarine tides; variational mode decomposition; LSTM model; harmonic analysis; water

level forecasting
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Table 1 Main tidal harmonic constants and tidal characteristic values at each station along the Yongjiang River Estuary
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Fig. 1 Map of the Yongjiang River Estuary and Fig.2 Measured data of water levels at each station
locations of each hydrometric station along the Yongjiang River Estuary
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Fig.5 Tidal levels and residual water levels at each station along the Yongjiang River Estuary
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Table 3 LSTM model prediction accuracy corresponding to different training set proportions
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24 0.172 0. 165 0. 169 0.957 0.968 0.956
36 0.209 0.201 0.209 0.918 0.935 0.907
48 0.223 0.219 0.238 0.909 0.916 0. 895

KK 12,24 36 48 h /KL iHEAT 4x6 A%k, IIZREER (K 6) FW . 6T IA —4 A B B, Bl TR i K
(RGN, 345 AR ZE BTN, P R BRI 5 X T R — Bl B 1M 5, B i A B B AR 1 MR iR 22 5
BN 5 TR TS E N, 2 RMSE 28T 0.2 m, R BB KB T RN
R RA R YIS T 0.9, A THRIBAHERCRE A SCHE TR AR R 12,24 36 .48 h /KA, g ABRHE K
I3 E 18 .24 36 36 h,

L=12h ——L[=24h ——L=36h L=48 h
0351 1.00
030k 0.95 W
025 v
L% 0.90 /\/\/‘
@ 020f Y ;
2 0.85F
0.15F
0.10 F 0.80
0.05 1 1 1 1 1 1 ) 0.75 1 1 1 1 1 1 J
6 12 18 24 30 36 42 43 6 12 18 24 30 36 42 48
g NS B iy NBHAS B
(a) Bz (b) HhsE REL

E6 AEWANBEKEZGTHAFTRREMRERE
Fig. 6 Root mean square error and R-Square under different input data length conditions
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Table 5 Comparison of prediction accuracy of each model
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Fig.7 Comparison of the 24 h water-level prediction results with the measurements at each station in the
Yongjiang River Estuary
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