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 Table 1	Twelve climate model indices were used as predictor variables to forecast the flood index using the hybrid deep learning CNN-BiLSTM predictive model combining a convolutional neural network (CNN) and a bi-directional long-short term memory (BiLSTM). Source of data: monthly sea surface temperature (SST) in different oceanic regions derived from the Optimum Interpolation SST, version 2 (OISST v2) downloaded from Climate Prediction Center (CPC, NOAA). 
	Variable
	Name and Description
	Data Source

	Niño 3
	Average SST over 150°–90 °W and 5 °N–5 °S
	OISST v2, NOAA

	Niño 3.4
	Average SST over 170 °E–120 °W and 5 °N–5 °S
	OISST v2, NOAA

	Niño 4
	Average SST over 160 °E–150 °W and 5 °N–5 °S
	OISST v2, NOAA

	Niño 1+2
	Average SST over 90°W–80°W and 0°–10°S  
	OISST v2, NOAA

	AO
	Arctic Oscillation 
	NCEP

	DMI
	DMI = WPI – EPI
WPI =Average SST over 50°–70°E & 10°N–10°S 
EPI = Average SST over 90°–110°E & 0°N–10°S 
	OISST v2, NOAA


	EMI
	EMI = C – 0.5 x (E+W)
Where the components are average SSTA over
C: 165 °E–140 °W and 10 °N–10 °S
E: 110°–70°W and 5 °N‒15°S
W: 125°‒145 °E and 20 °N‒10 °S
	ERRSST.v.3b

	NAO
	North Atlantic Oscillation 
	NCEP

	PDO
	Pacific Decadal Oscillation
	NCEP

	SAM
	Southern Annular Mode index
	NCEP

	SOI
	Southern Oscillation Index
The pressure difference between Tahiti and Darwin as defined by Troup (1965)
	BOM

	TPI
	Tripole Index for the Interdecadal Pacific Oscillation
	NCEP

	RMM1
	Real-time Multivariate MJO series 1
	

	RMM2
	Real-time Multivariate MJO series 2
	

	GBI
	Greenland Block Index 
	NCEP





































Note:	EMI = ENSO Modoki Index; WPI= West Pole Index; EPI = East Pole Index; DMI = Dipole Model Index, 


Table 2	The optimum architecture of the hybrid CNN-BiLSTM and BiLSTM-based predictive model developed through a trial error procedure. Note: ReLU stands for Rectified Linear Units, SGD stands for Stochastic gradient descent optimizer 
	Hyper-parameter
	Optimal Hyper-Parameters

	
	CNN-BiLSTM
	BiLSTM

	Convolution Layer 1 (C1)
	70
	

	C1- Activation function
	ReLU
	

	C1-Pooling Size
	1
	

	Convolution Layer 2 (C2)
	60
	

	C2- Activation function
	ReLU
	

	C2-Pooling Size
	1
	

	BiLSTM Layer 1 (L1) 
	55
	60

	L1- Activation function
	Tanh
	Tanh

	BiLSTM Layer 2 (L2) 
	80
	60

	L2- Activation function
	ReLU
	ReLU

	Drop-out rate 
	0.2
	0.2

	Optimiser 
	SGD
	SGD

	Padding
	Same
	Same

	Batch Size
	5
	7

	Epochs 
	1000
	1000



















Table 3	The performance evaluation of the proposed hybrid deep learning CNN-BiLSTM vs. benchmarks models (BiLSTM and SVR) at thirty-four stations in Bangladesh by the correlation coefficient (r) and mean absolute error (MAE) in the testing phase. 

	Stations
	r
	MAE

	
	CNN-BiLSTM
	BiLSTM
	SVR
	CNN-BiLSTM
	BiLSTM
	SVR

	Ambagan
	0.995
	0.991
	0.988
	0.322
	0.423
	0.358

	Barishal
	0.996
	0.994
	0.983
	0.022
	0.276
	0.293

	Bhogra
	0.996
	0.993
	0.982
	0.280
	0.427
	0.571

	Bhola
	0.996
	0.994
	0.988
	0.045
	0.289
	0.302

	Chandpur
	0.995
	0.992
	0.985
	0.195
	0.444
	0.447

	Chottpgram
	0.996
	0.992
	0.978
	0.184
	0.445
	0.485

	Chuadanga
	0.995
	0.992
	0.980
	0.129
	0.180
	0.192

	Comilla
	0.996
	0.993
	0.974
	0.444
	0.506
	0.665

	Cox’s Bazar
	0.992
	0.988
	0.987
	0.192
	0.254
	0.237

	Dhaka
	0.996
	0.994
	0.987
	0.256
	0.399
	0.503

	Dinajpur
	0.996
	0.994
	0.983
	0.061
	0.116
	0.136

	Faridpur
	0.996
	0.992
	0.982
	0.047
	0.083
	0.124

	Feni
	0.996
	0.994
	0.983
	0.406
	0.571
	0.663

	Hatiya
	0.988
	0.982
	0.988
	0.153
	0.229
	0.210

	Iswardi
	0.996
	0.994
	0.981
	0.161
	0.196
	0.208

	Jessore
	0.996
	0.993
	0.986
	0.015
	0.065
	0.109

	Khepurpara
	0.994
	0.991
	0.978
	0.362
	0.521
	0.563

	Khulna
	0.996
	0.993
	0.985
	0.083
	0.135
	0.166

	Kutbdia
	0.995
	0.993
	0.990
	0.115
	0.386
	0.357

	Madaripur
	0.996
	0.994
	0.976
	0.165
	0.415
	0.431

	Mongla
	0.995
	0.988
	0.985
	0.150
	0.419
	0.400

	Mymenshing
	0.996
	0.994
	0.979
	0.226
	0.453
	0.445

	Patuakhali
	0.987
	0.977
	0.988
	0.080
	0.352
	0.279

	Rajshahi
	0.996
	0.993
	0.976
	0.039
	0.047
	0.113

	Rangamati
	0.996
	0.994
	0.994
	0.285
	0.548
	0.547

	Rangpur
	0.996
	0.994
	0.984
	0.037
	0.033
	0.093

	Sandwip
	0.995
	0.993
	0.984
	0.160
	0.201
	0.232

	Satkhira
	0.996
	0.994
	0.980
	0.063
	0.118
	0.155

	Sheetakunda
	0.995
	0.991
	0.986
	0.334
	0.492
	0.561

	Srimangal
	0.996
	0.994
	0.985
	0.409
	0.561
	0.659

	Sydpur
	0.996
	0.993
	0.979
	0.073
	0.130
	0.150

	Sylhet
	0.996
	0.994
	0.989
	0.378
	0.520
	0.628

	Tangail
	0.996
	0.993
	0.985
	0.111
	0.353
	0.367







Table 4: Comparison of Flood Forecasting using the CNN-BiLSTM model between July 2019 and February 2020 and flood severity and duration. 

	Stations
	Onset of Flood
	PBIAS (%)
	Total Precipitation (mm) 
	Duration of Flood 
(Days)

	Ambagan
	7/7/2019
	3.623
	6280.96
	200

	Barisal
	10/7/2019
	5.605
	2204.02
	99

	Bhola
	8/7/2019
	5.402
	3402.56
	185

	Bogra
	9/25/2019
	21.826
	298.93
	26

	Chandpur
	 N/A

	Chittagong
	7/7/2019
	21.459
	6280.96
	199

	Chuadanga
	10/25/2019
	51.897
	164.02
	6

	Comilla
	9/7/2019
	22.102
	2590.98
	153

	Cox's Bazar
	7/7/2019
	12.073
	5726.64
	165

	Dhaka
	7/8/2019
	26.584
	887.91
	70

	Dinajpur 
	9/23/2019
	15.634
	437.31
	24

	Feni
	8/8/2019
	20.103
	1314.44
	71

	Foridpur
	N/A 

	Hatiya
	7/7/2019
	5.699
	6477.93
	200

	Ishwardi 
	7/8/2019
	22.576
	1018.06
	106

	Jessore
	08/15/2019
	34.561
	255.77
	11

	Khepurpara
	5/7/2019
	18.652
	5570.49
	195

	Khulna 
	7/8/2019
	13.911
	1755.18
	130

	Kutubdia
	5/7/2019
	4.701
	8106.34
	198

	Madaripur
	7/26/2019
	10.345
	1634.49
	126

	Mongla
	8/7/2019
	6.98
	3164.5
	190

	Mymensingh
	9/7/2019
	15.768
	1955.67
	124

	Potuakhali
	7/7/2019
	6.858
	4386.58
	194

	Rajshahi
	9/26/2019
	25.932
	229.66
	16

	Rangamati
	8/7/2019
	6.381
	3424.57
	147

	Rangpur
	9/14/2019
	2.993
	561.71
	34

	Saidpur
	09/23/2019
	24.231
	437.31
	23

	Swandip
	8/13/2019
	26.198
	423.14
	11

	Satkhira
	8/14/2019
	14.971
	1407.14
	111

	Shitakunda
	7/7/2019
	6.422
	6477.93
	193

	Sreemangal
	7/8/2019
	8.28
	2039.94
	143

	Sylhet
	11/7/2019
	17.585
	1479.5
	48

	Tangail
	10/7/2019
	11.504
	1577.38
	135

	Teknaf
	6/30/2019
	7.259
	6149.95
	143





