
 

 

 
 

 

 

 
 

 
 

 
 

Deep learning model, Temporal features, Significant wave height, Time series 
decomposition 
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Parameter  Maximum  Minimum  Average  Standard deviation  Skewness Kurtosis 

Air temperature °C 33.0 8.0 26.0 6.2 0.70 - 
Wind speed (m/s) 12.2 1.0 3.45 6.4 0.75 - 
Air pressure (hpa) 1026.0 965.1 1002.1 98.1 0.70 - 

Relative humidity % 99 26 64 35 0.81 - 
SWH (m) 3.45 0.98 1.12 1.25 0.85 3.2 
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Model Parameter values 
VMD Number of IMFs:5 and :1200 

CEEMDAN Number of secondary IMFs:7 

BILSTM 
Batch size: 1024, Number of epochs:128, Number of hidden layers of backward and forward LSTM models: 2, 

and Number of hidden units of each hidden layer: 100 

GRU 
Batch size: 1024, Number of epochs:128, Number of hidden layers:2, and Number of hidden units of each 

hidden layer:100 
MLP Number of hidden layers: 1, and Number of hidden neurons: 5 

RBFNN Number of hidden layers: 1, and Number of hidden neurons: 5 
ERNN Number of hidden layers: 1, and Number of hidden neurons: 3 
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Model  MAE NSE STDRE EV 

GMVCBAG  0.123 0.982 1.121 0.940 
GMVCBAMG 0.245 0.973 1.245 0.899 

GMVCBAG -ERNN 0.365 0.954 2.678 0.876 
GMVCBAG -MLP 0.487 0.936 2.891 0.820 

GMVCBAG -RBFNN 0.591 0.902 3.121 0.800 
GRU 0.660 0.873 3.897 0.767 

BILSTM 0.666 0.854 4.102 0.654 
LSTM 0.700 0.802 4.675 0.643 
ERNN 0.712 0.793 4.789 0.620 
MLP 0.824 0.774 4.891 0.610 

RBFN 0.834 0.705 5.123 0.599 
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Model MAE NSE STDRE EV 
GMVCBAG 0.125 0.968 1.139 0.930 

GMVCBAMG 0.289 0.945 1.312 0.887 
GMVCBAG -ERNN 0.378 0.932 2.786 0.865 
GMVCBAG -MLP 0.498 0.911 2.911 0.800 

GMVCBAG -RBFNN 0.678 0.899 3.211 0.780 
GRU 0.772 0.856 3.345 0.762 

BILSTM 0.894 0.821 4.564 0.645 
LSTM 0.900 0.800 5.612 0.633 
ERNN 1.021 0.756 6.123 0.602 
MLP 1.234 0.710 7.122 0.599 

RBFNN 1.345 0.687 8.123 0.587 

 
 

Model  MAE NSE STDRE EV 
GMVCBAG  0.127 0.956 1.145 0.928 

GMVCBAMG 0.291 0.933 1.456 0.856 
GMVCBAG -ERNN 0.382 0.921 3.123 0.844 
GMVCBAG -MLP 0.532 0.899 3.234 0.781 

GMVCBAG -RBFNN 0.699 0.867 3.455 0.760 
GRU 0.789 0.834 3.687 0.745 

BILSTM 0.901 0.810 4.891 0.623 
LSTM 0.922 0.789 5.891 0.601 
ERNN 1.123 0.732 7.123 0.599 
MLP 1.345 0.623 8.125 0.545 

RBFNN 1.455 0.605 9.123 0.456 
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