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	Algorithm S1. RNNs outlier detection

	
	Input:

	
	
 —Training set

	
	
 —Threshold to classify samples

	
	Output:

	
	
 —Hidden layer output

	
	Algorithm:

	1
	
Construct training set: calculate normal data and abnormal data .

	2



	





Train multi-layer feed-forward neural networks: , where italics  is the output of the  neuron in the  layer, and italics  is the number of neurons in the  layer.

	3
	
IF  THEN

	4

	

DO Calculate the activation function: , where italics  is set to 1.

	5
	
ELSE  THEN

	6



	


Calculate the activation function: ,  represents the number of steps, and italics  represents the rate of promotion to the next level.

	7
	

Get  discrete variables:  

	8
	END IF

	9
	
Map samples to  clusters to complete outlier detection.

	10
	
RETURN  




	Algorithm S2. EWT decomposition - benchmark predictors

	
	Input:

	
	
 —Training set after RNNs outlier detection
BFGS, ENN, GRNN, ORELM, ELM —benchmark predictors

	
	Output:

	
	
 —Forecasting results of benchmark predictors 

	
	Algorithm:

	1


	

Divide the Fourier spectrum of the original dissolved oxygen series into  consecutive segments italics . 

	2

	Construct a series of empirical wavelets based on the of Little-wood-Paley and Meyer.

	4
	WHILE n>0

	5
	


Calculate the empirical wavelet of dissolved oxygen series  , where italics .

	6
	END WHILE

	7
	
FOR  DO 

	8




	


Reconstruct dissolved oxygen series: define the reconstruction series , where , .

	9


	

Define the empirical mode function: , .

	10
	
Enter the decomposed subseries  into the benchmark predictors.

	11

	

Calculate prediction output , where italics  is the benchmark predictors.

	12
	END FOR

	13
	
RETURN  




	Algorithm S3. Multi-model optimization ensemble BEGOE

	
	Input:

	
	
 —Validation phase forecasting results of benchmark predictors

	
	
 —Number of iterations

	
	

 —Actual dissolved oxygen series at time  in validation sets


 —Initial predictor weight allocation for benchmark predictors, where  is the number of predictors

	
	Output:

	
	
 —forecasting results of BEGOE

	
	Algorithm:

	1
	
FOR  DO

	2
	

Predictors  form BFGS, ENN, GRNN, ORELM, ELM by weights .

	3




	


Weight and merge the  forecasting results of the benchmark predictors  , where  .

	4



	
Set optimization objective function  .

	5
	END FOR

	6
	
Calculate BEGOE's p-step ensemble forecasting results .

	7
	
RETURN 


[image: Fig 5] Fig. S1. Six-factor data of the studied datasets (Dataset #1).
Table S1
Information about the studied datasets (Dataset #1).
	Dataset
	Time interval
	Minimum
	Maximum
	Mean
	Standard deviation

	Dissolved oxygen (mg∙L−1)
	15-min
	5.95
	8.63
	7.18
	0.33

	Temperature (℃)
	15-min
	21.47
	25.33
	24.04
	0.54

	Salinity (g∙kg−1)
	15-min
	16.51
	33.86
	28.62
	2.31

	[bookmark: OLE_LINK5]Turbidity (mg∙L−1)
	15-min
	-0.10
	9.90
	1.54
	1.31

	Chlorophyll (g∙L−1)
	15-min
	

	

	

	


	Oxygen saturation
(%)
	15-min
	0.86
	1.08
	1.01
	0.04
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