[bookmark: _Hlk188006927]Table S1: The mean SHAP values of the individual input variables for the SAE-DNN model within the hybrid model structure
	Time lag
	Variables
	Periods

	
	
	1964-2021
	1972-2021
	1982-2021
	1992-2021
	2002-2021
	2012-2021

	
	
	SHAP 
Values
	Rank
	SHAP 
Values
	Rank
	SHAP 
Values
	Rank
	SHAP 
Values
	Rank
	SHAP 
Values
	Rank
	SHAP 
Values
	Rank

	t
	QR
	1.06
	1
	1.836
	1
	3.9384
	1
	0.9
	1
	1.5404
	1
	1.069859
	1

	
	QD
	0.1412
	3
	0.194
	2
	1.363
	2
	0.136
	3
	0.1256
	3
	0.263598
	3

	
	QRExp
	0.028
	10
	0.0124
	11
	0.211
	4
	0.0022
	14
	0.1777
	2
	0.289865
	2

	
	AE
	0.1388
	4
	0.1661
	3
	0.2063
	6
	0.1279
	4
	0.0917
	4
	0.039008
	6

	t-1
	QR
	0.000035
	14
	0.008
	13
	0.1471
	7
	0.02153
	10
	0.0183
	13
	0.004989
	15

	
	QD
	0.0264
	11
	0.0116
	12
	0.00986
	14
	0.0287
	9
	0.005
	15
	0.016002
	12

	
	QRExp
	0
	16
	0.0384
	7
	0.02543
	10
	0.0123
	12
	0.01873
	12
	0.007467
	13

	
	AE
	0.0372
	8
	0.0283
	9
	0.00512
	15
	0.0206
	11
	0.0367
	9
	0.032879
	8

	t-2
	QR
	0.004230
	13
	0
	16
	0.00206
	16
	0.00098
	16
	0.02494
	11
	0.017319
	11

	
	QD
	0.0534
	7
	0.0559
	6
	0.04906
	9
	0.0395
	7
	0.04029
	7
	0.065264
	5

	
	QRExp
	0.00002
	15
	0.00403
	15
	0.01662
	11
	0.00177
	15
	0.00097
	16
	0.001515
	16

	
	AE
	0.00687
	12
	0.0179
	10
	0.01116
	13
	0.02996
	8
	0.00716
	14
	0.021329
	10

	t-3
	QR
	0.073907
	6
	0.00543
	14
	0.06674
	8
	0.00471
	13
	0.06909
	6
	0.191798
	4

	
	QD
	0.0773
	5
	0.0701
	5
	0.01132
	12
	0.0579
	6
	0.02975
	10
	0.038536
	7

	
	QRExp
	0.16355
	2
	0.07308
	4
	0.51922
	3
	0.09275
	5
	0.08773
	5
	0.02764
	9

	
	AE
	0.036412
	9
	0.03302
	8
	0.20902
	5
	0.1393
	2
	0.03936
	8
	0.005592
	14
























Table S2: Trend analysis results based on the significance level of α=0.05

	Mann-Kendall Trend Analysis Results

	Variables
	Trend 
statistics
	Period
	Annual

	P
	z
	1962-2021
	-1.15

	
	p value
	
	0.25

	
	S
	
	-182

	
	Trend
	
	Statistically not significant

	Pliq
	z
	1964-2021
	0.30

	
	p value
	
	0.77

	
	S
	
	45

	
	Trend
	
	Statistically not significant

	Psol
	z
	
1964-2021
	-2.62

	
	p value
	
	0.009

	
	S
	
	-391

	
	Trend
	
	Negative

	T
	z
	1962-2021
	7.34

	
	p value
	
	0.00…

	
	S
	
	11520

	
	Trend
	
	Positive

	E
	z
	1962-2021
	7.43

	
	p value
	
	0.00…

	
	S
	
	11660

	
	Trend
	
	Positive

	Q
	z
	1962-2021
	-1.6

	
	p value
	
	0.11

	
	S
	
	-252

	
	Trend
	
	Statistically not significant




































	
	Pettitt Test Analysis Results

	Variables
	Pettitt’s test

	
	Result
	p value
	Change point (year)

	P
	249
	0.37
	1996

	Pliq
	193
	0.65
	1998

	Psol
	428
	0.008
	1987

	T
	815
	0.00…
	1996

	E
	845
	0.00…
	1996

	Q
	347
	0.075
	1980



Variable explanations:

P: Annual precipitation totals (mm)
Pliq: Liquid form of precipitation obtained from the CemaNeige module (Annual total) (mm)
Psol: Solid form of precipitation obtained from the CemaNeige module (Annual total) (mm)
T: Annual mean temperature (℃)
E: Annual potential evapotranspiration totals (mm)
Q: Annual total discharge (mm)
Table S3: The parameter study of the CemaNeige GR6J model

Calibrated parameters of the CemaNeige GR6J model
	Period
	X1
	X2
	X3
	X4
	X5
	X6
	X7
	X8

	1964-2021
	65.65
	-0.43
	452.5
	1.14
	-0.03
	46.99
	0.016
	6.86

	1972-2021
	76.14
	-0.46
	475.75
	1.11
	-0.06
	39.96
	0.015
	6.79

	1982-2021
	70.24
	-0.46
	464.6
	1.15
	-0.05
	43.97
	0.022
	6.33

	1992-2021
	71.66
	-0.44
	469.46
	1.08
	-0.05
	40.48
	0.026
	7.11

	2002-2021
	71.36
	-0.23
	452.24
	1.22
	-0.06
	35.46
	0.021
	5.66

	2012-2021
	66.26
	-0.21
	489.79
	1.16
	-0.04
	39.48
	0.018
	5.54



Simulation results by using the fixed parameters calibrated for the period 1964-2021
The parameter set used: (65.65, -0.43, 452.5, 1.14, -0.03, 46.99, 0.016, 6.86)
	
	
	Calibration/training period
	Testing period

	Modelling period
	Model
	NSE
	KGE
	d
	RMSE (mm/d)
	NSE
	KGE
	d
	RMSE (mm/d)

	1964-2021
	CemaNeige GR6J
	0.73
	0.77
	0.91
	1.06
	0.71
	0.63
	0.89
	1.40

	1972-2021
	
	0.74
	0.79
	0.92
	1.01
	0.71
	0.63
	0.89
	1.46

	1982-2021
	
	0.73
	0.77
	0.92
	1.03
	0.70
	0.62
	0.89
	1.52

	1992-2021
	
	0.74
	0.76
	0.92
	1.09
	0.69
	0.61
	0.88
	1.56

	2002-2021
	
	0.73
	0.68
	0.90
	1.26
	0.70
	0.56
	0.88
	1.49

	2012-2021
	
	0.71
	0.64
	0.89
	1.55
	0.68
	0.52
	0.86
	1.43



Simulation results by using the parameter sets from each separate calibration procedure
	
	
	Calibration/training period
	Testing period

	Modelling period
	Model
	NSE
	KGE
	d
	RMSE (mm/d)
	NSE
	KGE
	d
	RMSE (mm/d)

	1964-2021
	CemaNeige GR6J
	0.73
	0.77
	0.91
	1.06
	0.71
	0.63
	0.89
	1.40

	1972-2021
	
	0.74
	0.79
	0.92
	1.0
	0.70
	0.62
	0.89
	1.48

	1982-2021
	
	0.73
	0.78
	0.92
	1.02
	0.70
	0.61
	0.88
	1.54

	1992-2021
	
	0.74
	0.77
	0.92
	1.09
	0.69
	0.61
	0.88
	1.57

	2002-2021
	
	0.74
	0.73
	0.91
	1.22
	0.75
	0.62
	0.90
	1.36

	2012-2021
	
	0.74
	0.70
	0.91
	1.47
	0.72
	0.57
	0.88
	1.34




